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EXECUTIVE SUMMARY

Centerline rumble strips (CLRS) are often used as a low-cost countermeasure for reducing
the frequency of cross-over crashes on two-way highways. Rumble strips are designed to
provide motorists with an audible and tactile warning that they are either approaching a
critical safety-related decision point or that their motor vehicles have partially or
completely left the travel lane. Centerline rumble strips are used to reduce head-on crashes,
opposite-direction sideswipe crashes, and, to some extent, single-vehicle-run-off-the-road-
to-the-left crashes.

This study quantifies the effectiveness of the countermeasure through analysis of
changes in observed cross-over crash rates where CLRS have been implemented in
Georgia. While estimates of the safety benefits are available from other states
implementing centerline rumble strips (Persaud et al. 2004, Outcalt 2001, Hallmark et al.
2009, Fontaine et al. 2009, Torbic et al. 2009), this study evaluates CLRS safety impacts
in the context of driving and roadway characteristics within the state of Georgia.

In the first phase of the project, researchers performed a preliminary analysis of the
crash data from several CLRS locations in the state of Georgia, noted inconsistencies in
the availability and accuracy of location information, and developed a quality assurance
procedure involving cross-checking the crash database with written police records. The
current second-phase study used this same validation procedure to perform an empirical
Bayesian (EB) analysis for evaluation of the safety impact of CLRS using a seasonally
adjusted 24-month pre-deployment (before) period and a 24-month post-deployment

(after) period for comparison. The EB analysis resulted in a crash modification factor of

xiil



0.58 for the CLRS treatment, indicating a 42% reduction in crashes associated with
conditions that CLRS were designed to address (i.e., crashes involving crossing the
centerline). However, the sample size was too small to obtain separate crash modification
factors for fatal crashes and injury crashes.

The quality assurance procedure was the most resource-intensive part of the effort.
Researchers manually checked the base crash data against the crash description recorded
by the investigating police officer to verify crash type and to obtain a clearer indication of
whether the crash could have been impacted by the presence of CLRS. This step was
critical to improving the reliability of the CMF value, as it reduced crash misclassifications.

The involvement of multiple agencies in the recording of the crash data naturally
introduces variability and non-uniformity in the crash data. These differences become
critical when the results of safety evaluations are dependent on the correct categorization
of the incidents and the correct association of the incidents to a safety measure. A broad
methodological recommendation from the lessons learned in the study is to employ
sufficient crash-verification procedures in any safety study that develops a crash
modification factor, especially in cases where the sample size of the crashes is small, or if
crash modification factors are desired for specific crash categories.

The favorable crash modification factor (0.58) obtained in this study clearly
provides sufficient justification for the use of CLRS as a low-cost safety countermeasure

to address crashes involving vehicles that cross the centerline of the roadway.
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1 Introduction

The objective of this research is to provide the Georgia Department of Transportation
(GDOT) with an evaluation of the safety impacts of adding centerline rumble strips to an
undivided highway facility.

Centerline rumble strips (CLRS) are often used as a low-cost countermeasure for
reducing the frequency of cross-over crashes on two-way highways. The current study
quantifies the effectiveness of the countermeasure through analysis of changes in observed
cross-over crash rates where CLRS have been implemented in Georgia. While estimates of
the safety benefits are available from other states implementing centerline rumble strips
(Persaud et al. 2004, Outcalt 2001, Hallmark et al. 2009, Fontaine et al. 2009, Torbic et al.
2009), this study evaluates CLRS safety impacts in the context of driving and roadway

characteristics within the state of Georgia.

1.1 Overview of Project

Rumble strips are designed to provide motorists with an audible and tactile warning that
they are either approaching a critical safety-related decision point or that their motor
vehicles have partially or completely left the travel lane. There are typically four types of
rumble strip applications based on the placement of the rumble strips with reference to the
travel path:

e Shoulder rumble strips

e (Centerline rumble strips



e Mid-lane rumble strips
e Transverse rumble strips

Shoulder rumble strips are the most common application and have been used widely
to address single-vehicle-run-off-the-road crashes. Similarly, centerline rumble strips are
used to reduce head-on crashes, opposite-direction sideswipe crashes, and, to some extent,
single-vehicle-run-off-the-road-to-the-left crashes.

In Phase 1 of the project (RP 12-12), the researchers conducted a nationwide survey
on potential maintenance issues related to CLRS. This survey was performed in response
to the perception that CLRS deployments are associated with increased maintenance
requirements. The result of this survey indicated that most of the observed maintenance
problems were associated with improper construction rather than with the CLRS
themselves.

The Phase 1 project included a literature review on the safety impacts of centerline
rumble strips. Most of the studies identified in this review were limited to specific roadway
and/or crash types, and none were fully applicable to Georgia conditions. In RP 12-12 the
researchers also conducted a preliminary analysis of crash data from nine Georgia CLRS
locations. This preliminary analysis found both limited availability of certain crash data
and identified inconsistencies in crash location information within the Georgia crash
database. A methodology for investigating and mitigating biases related to these errors was
developed that involves a manual review of sample sets of police crash reports and
validation of the information in the crash database and provides the basis for the analysis

used in this Phase 2 study.



1.2 Project Objectives

The overarching objective of this research is to provide the Georgia Department of
Transportation with an evaluation of the safety impacts of adding a centerline rumble strip
to an undivided highway facility. Specifically, the project aims to evaluate whether there
is any decrease in the number of crashes or any change in the type or severity of crashes
after installation of centerline rumble strips on highway facilities in Georgia.

To meet these objectives, the research team performed an updated literature review
on CLRS safety. Georgia CLRS sites and corresponding control sites were identified, and
associated roadway characteristics and crash data were obtained and checked for accuracy.
During Phase 1, researchers observed issues regarding the completeness of the information
in the crash records; in Phase 2 significant improvements in the overall quality of the crash
data were noted relative to that of the preliminary study. Key sub-objectives of Phase 2
may be summarized as follows:

e Validate crash data for the chosen CLRS sites and sample control sites using
police records and supplement with additional information as necessary,

using the methods developed in Phase 1.

e Perform a before—after study using an EB analysis to evaluate the impact of

a CLRS installation on those crash rates that CLRS are designed to mitigate.






2 Literature Review

With over 150 miles of centerline rumble strips on roadways throughout the state, Georgia
has joined the ranks of states that use CLRS as a countermeasure to cross-centerline
crashes, including head-on and opposite-direction sideswipe collisions. Many factors can
lead to the aforementioned crash types, the most common being inattentive or drowsy
drivers, which account for 86% of fatal head-on crashes on two-lane highways (Alexander
and Gardner 1995). When coupled with rural roadway conditions, including higher traffic
speeds, lower rates of seatbelt use, and longer emergency-response times, safety
countermeasures such as CLRS become increasingly attractive. Though CLRS may be
constructed in several forms, the majority of installations are of the milled-in type, which
is cost effective and can be readily implemented on existing roadways. Alternatively,
CLRS can be constructed directly on the centerline, extended into the travel lane, or on
either side of the centerline pavement markings. CLRS may have the added benefits of
improving safety in low-visibility driving conditions, especially in areas with wintry
weather or when roadway markings are obscured.

A detailed literature review regarding the properties of rumble strips, benefits of
CLRS, and concerns related to adverse impacts of CLRS is available in the Phase 1
(GDOT RP 12-12) project report (Guin et al. 2014). The following literature review
focuses on the most common methodology for safety evaluation studies: observational
before/after studies, which include naive before and after, empirical Bayes, and full

Bayes (FB).



2.1 Observational Before—After Studies

To evaluate the success of any roadway safety improvement program, it is essential to
review the change in the number of motor vehicle crashes and the number of injuries and
fatalities. At a minimum, a roadway safety project evaluation should include performance
measures from both before and after the installation of a roadway treatment or other
changes to the roadway (Herbel et al. 2010). Such a study of the effects of a roadway
treatment should consider “what would have been the safety level” in the after period
without treatment compared to the safety level with the treatment (Hauer 1997). The effect
of the treatment is represented by the difference in the number of injuries or the crash rate,
over time, relative to the after period with and without the treatment (Herbel et al. 2010).

The challenge in this type of comparison lies in estimating “what would have been”
with no treatment. Natural variations in crash data and changes in site conditions produce
limitations with any such estimates. Changes over time (e.g., weather, traffic patterns,
physical changes to the site conditions, etc.) create fluctuations in crash data. These
limitations generate bias and reduce the reliability of a comparative analysis.

These limitations potentially bias the after-period-without-treatment estimation,
which uses the crash data from the before period. For instance, the before-period crash
experience is likely the motivation behind the treatment site selection, and, thus, the after-
period prediction is subject to a selection bias. That is, the treatment site is not a random
selection but selected likely due to the observed crash rates.

Since crash rates can vary significantly from year to year, any estimates derived
from these data are sensitive to a bias known as regression-to-the-mean (RTM). RTM is

inherent in crash data. According to the Highway Safety Manual (HSM) (AASHTO 2010),



regression-to-the-mean is “the tendency for the occurrences of crashes at a particular site
to fluctuate up or down, over the long term, and to converge to a long-term average. This
tendency introduces regression-to-the-mean bias into crash estimation and analysis,
making treatments at sites with extremely high crash frequency appear to be more effective
than they truly are” (AASHTO 2010). RTM produces periods that may have a
comparatively high or low crash frequency. Attributing a decline in crash frequency to a
roadway treatment may be misleading because the overall trend of crash frequency may
have already been in decline unrelated to the treatment. A proper comparative analysis
effectively accounts for the RTM bias.

Observational before/after studies consist of three methods: naive before—after,
empirical Bayes, and full Bayes. A naive before—after analysis is based on the assumption
that nothing changed in the after period except the treatment in question. Therefore, the
before-period crashes are used to predict what the after-period crashes would have been
without treatment (Hauer 1997). The Bayesian methods (full and empirical) combine
before-period data with the after-period data to develop the expected safety of a treatment
(Persaud et al. 2010). Empirical Bayes and full Bayes are not different types of studies;

they are simply two related approaches to combining prior and current information.

2.1.1 Naive Before—After

In transportation safety, a naive before—after study is one way (albeit not the most accurate
way) to estimate the change between a parameter, such as crash frequency, during a before
and after period. The naive before—after study assumes that the passing of time has no effect
on the after period and that the expected after crash rate without treatment would be the

same as in the before period. However, the change in safety level can be attributed to



several factors in addition to the roadway treatment, such as weather, traffic patterns, driver
behavior, driver inclination to report crashes, and RTM. All these other factors are assumed
to be unchanged in a naive before—after study, and any change in safety is assumed to be
caused by the treatment only (Hauer 1997, Herbel et al. 2010). This assumption in a naive
before—after study is weak and usually unrealistic. In addition, this method is strongly
influenced by the selection bias discussed previously. This method does not allow
researchers to separate out crash rate change attributable to the treatment from the other
factors that have also changed over the period of the study. Any conclusion from this study
lessens a researcher’s ability to conclusively attribute the measured difference to the
treatment of interest. This approach is generally not recommended for safety studies

(Hauer 1997).

2.1.2 Full Bayes

Full Bayesian uses before data to predict future crashes at a treatment site had the treatment
not been implemented. However, instead of a single-point estimate of the expected mean
and its variance, it predicts a distribution of likely values. The estimate for expected crash
frequency in the after period is determined by combining the distribution of likely values
with the crash frequency of the specific study sites. The use of a distribution of likely values
generally improves the overall estimate of likely crash rates (Persaud et al. 2010). As the
researchers did not use the FB approach in this study, a detailed description is not provided;
however, the next sections discuss the reasoning underlying the selection of empirical

Bayes over full Bayes.



2.1.3 Empirical Bayes

The empirical Bayes method is a simplified version of the full Bayesian method and is well
established and accepted by transportation professionals and researchers for roadway
safety comparative studies (Carriquiry and Pawlovich 2004, Persaud et al. 2010). Through
an EB study, the safety effectiveness of a treatment can then be based on the model rather
than the raw crash data (Outcalt 2001). According to the HSM, the empirical Bayes
approach combines “observed crash frequency data for a given site with predicted crash
frequency data from many similar sites to estimate its expected crash frequency”
(AASHTO 2010). The before-period data come from the evaluation sites and a reference
group with similar roadway attributes to develop a calibrated safety performance function
(Hauer 1997, AASHTO 2010, Persaud et al. 2010). The safety performance function (SPF)
is an equation that represents the relationship between the expected number of target
crashes and the roadway characteristics (Persaud et al. 2010). The expected crash
frequency estimates are combined with “the site-specific crash count to obtain an improved
estimate of a site’s long-term expected crash frequency” (Persaud et al. 2010). The EB
approach uses the assumption that crashes follow a negative binomial (NB) distribution,
and it employs the NB dispersion parameter in the estimation process (Persaud et al. 2010).

Section 3.3 of this report provides a detailed walk-through of the EB method.

2.1.4 Comparison of EB and FB

Both EB and FB methods recognize that deriving estimates from just a few years of
information from specific sites provides unreliable estimates. To remedy this, central to

Bayesian analysis, comparison-group data for the same study period are used to



complement the treatment site’s data. This addition of comparison-group data allows the
analysis to formulate more robust estimates and account for RTM bias and traffic volume
changes due to various factors, such as general trends, changes in crash reporting, weather,
driver behavior, etc. (Carriquiry and Pawlovich 2004, Gross et al. 2010).

While both empirical Bayesian and full Bayesian approaches are suitable and
effective methods for conducting a comparative analysis for traffic safety studies, their
differences and comparative advantages render them most efficient in different scenarios
of study (Persaud et al. 2010; Carriquiry and Pawlovich 2004). The FB approach is more
complex than the EB approach, and some researchers believe that it more suitably accounts
for uncertainty within crash data (Persaud et al. 2010). The EB approach simplifies the FB
approach by assuming the study sites and the comparison sites have similar covariables,
such as roadway geometry and signal control. These covariables are accounted for through
the SPF derived in the EB method (Carriquiry and Pawlovich 2004). Furthermore, the FB
approach requires substantially smaller dataset than the EB approach for the untreated
control group sites. The FB approach “provides more detailed causal inferences” (Persaud
et al. 2010) and “more flexibility in selecting crash count distributions” (Persaud et al.
2010), and it does not require the development of safety performance functions to obtain
the predicted number of crashes.

However, the FB method is more cumbersome than the EB method. A high level
of statistical knowledge is required to carry out the complexity of the full Bayes method.
Additionally, it has been more difficult to develop statistical software for an FB application
than for an EB application (Gross et al. 2010). Finally, research has shown that the EB

approach produces similar results to the FB method and reliable analysis when an adequate
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number of sites exists (Gross et al. 2010, Persaud et al. 2010). Thus, the research team in

this effort chose EB for the safety analysis.

2.2 Evaluation of Safety Treatment with an Empirical Bayes Approach

In comparison to the naive approach, the EB methodology enables a more precise
estimation of the number of crashes that would have occurred at an individual treatment
site in the after period had the treatment not been implemented (Harwood 1993). The
EB method has been used in various roadway safety analyses (Persaud et al. 2010, Persaud
et al. 2001, Kay et al. 2015, Porter et al. 2004, Sayed et al. 2010). These studies include
diverse locations throughout the United States and Canada and varied roadway treatments,
such as road diets, conversions of intersections to roundabouts, and shoulder rumble strips
(SRS) and CLRS (Karkle et al. 2013, Kay et al. 2015, Porter et al. 2004, Persaud et al.
2001, Persaud et al. 2004, Persaud et al. 2010, Sayed et al. 2010).

For example, Persaud et al. (2001) conducted a before—after study using the
EB procedure for the conversion of intersections to roundabouts. Their study estimated
highly significant reductions of 40% for all crash severities combined and 80% for all
injury crashes. Specifically, the crashes with fatalities and incapacitating injuries were
reduced by 90%. In a later study, Persaud et al. (2010) used the EB and FB methods to
examine the safety impacts of a road diet, which involved the conversion of four-lane
roadways into three-lane roadways with a two-way left-turn lane in the middle. That study
determined the estimated safety effects from both methods to be comparable.

Directly relevant to the current study, the effectiveness of CLRS has also been
studied in various locations using EB. One study looked at the effects of 98 treatment sites

of CLRS along approximately 210 miles of rural, two-lane roadways in seven states,
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California, Colorado, Delaware, Maryland, Minnesota, Oregon, and Washington
(Persaud et al. 2004). This analysis revealed that head-on and sideswipe accidents from the
opposing direction experienced the most significant reduction, decreasing by 25%. In
general, all crash types were reduced by 12%. From this analysis, the authors recommended
a wider application of CLRS on rural, two-lane roads. Another study applied the
EB method to evaluate the effectiveness of CLRS on undivided, rural two-lane arterials
and divided, rural four-lane freeways in British Columbia (Sayed et al. 2010). The authors
found that, overall, SRS and CLRS can significantly reduce severe collisions and specific
collision types. The use of CLRS and SRS demonstrated a reduction of 18.0% of injuries.
Individually, SRS reduced off-road right collisions by a statistically significant 22.5%, and
CLRS showed a statistically significant reduction of 29.3% in off-road left and head-on
collisions. Specifically, installing both CLRS and SRS on undivided, rural two-lane
arterials reduced off-road right, off-road left, and head-on collisions combined by 21.4%.
The authors concluded that rumble strips, whether just SRS or CLRS, or the combination
of SRS and CLRS, are very effective safety measures to reduce the severity of crashes.

A recent study in Michigan assessed the safety impacts of a statewide CLRS
implementation program carried out between 2008 and 2010. Using the EB method, the
effectiveness of more than 4200 miles of CLRS installed along two-lane highways was
assessed. Overall, CLRS were found to reduce target crossover collisions by 27.3% when

used alone and by 32.8% when used in conjunction with SRS (Kay et al. 2015).
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3 Methodology

3.1 Site Selection

In the Safety Action Plan, GDOT set out to develop 100 miles of CLRS in FY 2005. Using
20002003 crash data from the Accident Information System (AIS) database, locations
with higher frequencies of centerline crossover crashes were identified as potential sites.
The Office of Traffic Operations, in coordination with the Office of Maintenance,
scheduled projects for CLRS installation in both stand-alone applications and in
conjunction with resurfacing projects. Between the fall of 2005 and spring of 2006, GDOT
carried out several CLRS installation projects. By 2006, there were nearly 200 miles of

CLRS installed, primarily on rural two-lane, two-way roadways (Sin 2014).

3.1.1 Georgia Project Database

The CLRS sites for this study were selected from GDOT’s Transportation Project
Information (TransPI) website in 2013. TransPI, now known as GeoPI (GDOT 2017), is a
web-based database from which the public can access any related data or documentation
for GDOT projects. Project managers and engineers submit project information, including
documentation, financial information, and Geographical Information System views, into
the TransPI/GeoPI system. That information is accessible to users both inside and outside
of GDOT (Sin 2014).

For this study, an initial query for projects involving the installation of CLRS
resulted in the eight projects listed in Table 1. Although there were only eight projects,

several of those involved more than one installation site, such as the project on SR 36 that
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had segments from SR 74 to SR 7 and also from SR 7 to [-75. After examining the
8 projects, the research team compiled at least 11 potential CLRS sites, which are listed in

Table 2 with their corresponding beginning and ending descriptions (Sin 2014).

Table 1. Results Obtained from TransPI (Sin 2014)

Project Accounting

Project ID No.

Project Title Counties

SR 25 SPUR EAST FM CR
0006080 — 583/SEA ISLAND DR TO Glynn
E OF SR 25/US 17
SR 14|SR 16|SR 154@SEV
LOC IN CARROLL
&COWETA
[CENTERLINE]

SR 369 FM CHEROKEE
CO TO HALL CO -
CENTERLINE RUMBLE
STRIPS
SR 42@SEV LOC IN
HENRY|BUTTSMONROE Butts, Henry,

— CENTERLINE RUMBLE Monroe
STRIPS
SR 204 FM BRYAN
COUNTY LINE TO 1-95 -
0006976 CSSTP-0006-00(976) CENTERLINE RUMBLE Chatham
STRIPS
SR 36 FM SR 74 TO SR 7 Butts, Lamar,
& SR 36 FM SR 7 TO I-75 Upson
SR 136 FROM SR 61/US
0007079 CSSTP-0007-00(079) 411 TO DAWSON
COUNTY LINE
SR 26 FM E OF BULL
RIVER BRIDGE TO
0007080 CSSTP-0007-00(080) TYBEE ISLAND CITY Chatham
LIMITS

0006693 CSSTP-0006-00(693) Carroll, Coweta

0006945 CSSTP-0006-00(945) Forsyth

0006975 CSSTP-0006-00(975)

0007077 | CSSTP-0007-00(077)

Gilmer, Gordon,
Murray, Pickens
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Table 2. TransPI Location Description by Installation Site (Sin 2014)

Centerline
Project ID Rumble Strips Beginning Description | Ending Description
Installation Site
0006080 State Route 25 Spur | S¢& [sland Drive/ State Route 25/US 17
CR 583
0006693 State Route 14 Herring Road/CR 43 Johnston Circle/CR 7
0006693 State Route 16 Carrolton Bypass Newnan Bypass
0006693 State Route 154 State Route 54 I-85
0006945 State Route 369 Forsyth County Forsyth County
Several Locations in Several Locations in
0006975 State Route 42 Henry, Butts, and Henry, Butts, and
Monroe Counties Monroe Counties
0006976 State Route 204 Bryan County Line I-95
0007077 State Route 36 East Main Street Peach Blossom Trail
0007077 State Route 36 Highway 41 I-75
0007079 State Route 136 State Route 61/US 411 | Dawson County Line
0007080 State Route 26 Ea§t of Bull River Tyb;e Island City
Bridge Limits

3.1.2 Additional Sources for Authentication of Sites

The query for “centerline rumble strips” in TransPI yielded multiple entries for a single
project; consequently, each entry’s project information required examination. Several
project descriptions revealed that some projects consisted of multiple installation sites, and
thus, provided conflicting information. The researchers used other sources to authenticate
the discrepancies and confirm the details of each study site. To confirm that these roadways

did have CLRS, they used Google Maps Street View® to verify its existence at the sites
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returned by the TransPI query, as shown in Figure 1 for Project ID 0007077. Project
Preconstruction Status Reports and Project Plan Sheets were requested from GDOT to
gather additional project information, including the total mileage and various dates
associated with the project such as the Management Let Date and the Project Completion
Date (Sin 2014). An example of a Project Preconstruction Status Report and information
taken from the Project Plan Sheets for Project ID 0007077 are shown in Figure 2 and

Table 3.

Figure 1. Google Street View Verification of Centerline Rumble Strips (Sin 2014)
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PRECONSTRUCTION STATUS REPORT

PROJID COUNTY DESCRIPTION
DODBOED Cilynn SR 25 SPUR EAST FM CR 38%SEA ISLAND DR TO E OF SR 13U5 17
This project consists of installing ground-in-place centerding indentation nambla strips canterad about the centarling traffic stripa of State Route 25 Spur East from Sea lsland Drive to aast of
State Route 25US 17 in Glynn County (MP 6,15 to MP 10.53).

PRRO N2 CESTP.O00E-00(080) SPONSOR = @007 Phase Fiscul Yeur Approved  Approved FY Estimate Fund
MPOTIP 8 BATS 06.01 FROJ MG Cameron, Demick 'Engineering 2006 5 s ponon ol
MFO; Brumwic x [ R

DT DIST:
PROSLENGTH (M 393 Inflacion Included in Estimare
PROGRAM TYPE: Saloty CONG, DIST: 1
TVPE WORK: Frumbia Strps House Dist ¢
LET RESPOSSIRILITY: GOOT Let Sonwte Bioa s
BIKE PROVISIONS N
INCLUDED?

ACTITY ACTUAL START ACTUAL FINISH PERCENT COMPLETE

Esmviunmental Approval 182006 ST 100
PFPR Imspection 17172006 153172006 100
FEPR laspection 0
Right af Way Acquisition Infurmation
Freliminary Farcel Coustz Tatal Pareel Count: Aequired hy: N

Figure 2. Preconstruction Status Report for Project ID 0007077 (Sin 2014)

Table 3. Project Plan Sheet Information for
Project ID 0007077 (Sin 2014)

Attribute

Description

Project Number

CSSTP-0007-00(077)

Project ID

0007077

Net Length

29.77

Starting Milepost

MP 8.12

Ending Milepost

MP 0.49

Starting County

Upson County

Ending County

Butts County
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To determine the exact locations of CLRS along the roadways, the researchers
examined maps from the Project Plan Sheets to verify the beginning and ending mileposts
of some of the installation sites. However, they discovered that the maps in the Project Plan
Sheets did not always match the descriptions found in the projects from the TransPI query.
For example, the map in the Project Plan Sheets for Project ID 0007077, as seen in Figure 3,
only showed one segment of CLRS installations, although the project actually had two
sections. The two segments of CLRS were detailed in the project documents found in
TransPI and verified in Google Maps and Street View. The Project Plan Sheets also listed
a Detailed Quantities Estimate, which had values that were used to verify the existence of
CLRS in the projects. While information from various sources was not always accurate, it

served as reference for determining the correct locations of the CLRS (Sin 2014).
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STARTING MP 8.12 UPSON COUNTY

m. — = - L)
P 0.49 BUTTS COUNTY

ENDING M

Figure 3. Map of Project ID 0007077 Location from Project Plan Sheet

3.1.3 Final Study Sites

After examination, 10 CLRS installation sites were chosen for the analysis. From the
original query results listed in Table 1, Project ID 0007080 and Project ID 0006080 were
listed as “cancelled” under the Project Completion category and eliminated from the list of
potential sites. Project ID 0006975, SR 42, was considered as two separate sections for this
analysis. The list of CLRS sites is provided in Table 4, and a map of their locations is

presented as Figure 4.
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Table 4. List of Study Sites

Project ID Description
0006693 SR 14

0006693 SR 16

0006693 SR 154
0006945 SR 369

0006975 SR 42 Section A
0006975 SR 42 Section B
0006976 SR 204

0007077 SR 36 Section A
0007077 SR 36 Section B
0007079 SR 136
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Figure 4. Locations of CLRS Sites (Sin 2014)

Once the CLRS segments were determined, the last step was to verify the exact
locations of the start and end mileposts of the CLRS. Initially, the milepost information for

each CLRS installation site was extracted from the Project Plan Sheets. However, after
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careful revision, most of the mileposts did not correspond with the mileposts noted in
TransPI. To rectify these inaccuracies, the mileposts from the Project Plan Sheets were
plotted in Google Earth® and verified using Google Street View®™. Once the mileposts were
confirmed, 126.46 miles along 10 routes were identified as the treatment sites.

Problems encountered during the automated association of crashes to treatment
sites during the data reduction process led to a 13-mile decrease in the total number of
miles of treatment sites studied. Table 5 shows the segments included in the preliminary

sites. The segments that were not included in the final analysis are grayed out.

3.1.4 Analysis Period

To conduct an appropriate comparative analysis, the study periods must be determined to
include time before the start of and after completion of CLRS installation on all study sites.
The federal and TransPI reports had conflicting start and stop construction dates for each
project. To clarify discrepancies, the construction completion dates were confirmed by
GDOT engineers to be the Time Charges Stop Date from federal construction reports. The

confirmed start and stop dates are listed in Table 6.
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Table S. CLRS Start and End Mileposts for Study Sites
Project Mileposts Total Study
ID/Roadway County P Segment. Site Length
. L. Length (mi.) .
Description Begin End (mi.)
19.68 19.74 0.06
19.74 23.17 3.43
0006693/SR 14 Cowet 7.87
owen 2317 | 2672 3.55
26.72 27.55 0.83
16.69 17.64 0.95
17.64 22.65 5.01
Carroll
22.65 26.19 3.54
26.19 27.87 1.68
0006693/SR 16 16.56 (18.24)
0.00 3.86 3.86
3.86 6.33 2.47
Coweta
6.33 6.98 0.65
6.98 7.06 0.08
0.11 0.56 0.45
0006693/SR 154 Coweta 0.56 3.34 2.78 0 (7.49)
3.34 5.31 1.97
5.31 7.60 2.29
0.00 2.71 2.71
2.71 5.80 3.09
5.80 6.43 0.63
6.43 10.07 3.64
0006945/SR 369 Forsyth 19.89
oy 1007 | 11.08 1.01
11.08 11.86 0.78
11.86 12.82 0.96
12.82 19.89 7.07
0.00 3.18 3.18
3.18 4.81 1.63
0006975/SR 42 A Butts 4.81 7.44 2.63 7.68 (7.97)
7.44 7.68 0.24
7.68 7.97 0.29
4.58 8.53 3.95
0006975/SR 42 B H 5.23
ey 8.53 9.81 1.28
0.00 0.64 0.64
0006976/SR 204 Chatham 8.14
0.64 8.14 7.50
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Table 5 (Cont.)

Project . Segment T.otal Study
ID/Roadway County Mileposts . Site Length
Description Length (mi.) (mi.)
9.34 11.06 1.72
Upson 11.06 15.72 4.66
0007077/SR 36 A 15.72 19.11 3.39 8.05 (13.87)
Lamar 0.00 1.93 1.93
1.93 4.10 2.17
7.21 13.51 6.30
13.51 16.83 3.32
0007077/SR 36 B Lamar 11.84
16.83 18.60 1.77
18.60 19.05 0.45
Gordon 23.56 24.07 0.51
Murray 0.00 2.82 2.82
Gilmer 0.00 5.21 5.21
0.00 3.67 3.67
3.67 6.32 2.65
0007079/SR 136 630 =25 0.93 28.25
Pickens 7.25 12.01 4.76
12.01 14.14 2.13
14.14 17.96 3.82
17.96 19.71 1.75
Total 113.51
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Table 6. Begin and End Dates for CLRS Construction

CLRS Site Start Date Stop Date
SR 14 10/11/2005 10/31/2005
SR 16 10/11/2005 10/31/2005

SR 154 10/11/2005 10/31/2005
SR 369 03/06/2006 03/26/2006
SR 42 A 01/17/2006 05/31/2006
SR 42 B 01/17/2006 05/31/2006
SR 204 02/14/2006 02/28/2006
SR 36 A 01/17/2006 05/31/2006
SR 36 B 01/17/2006 05/31/2006
SR 136 01/17/2006 05/31/2006

Initially, the study periods were identified as two complete calendar years before
(2003-2004) and two complete calendar years after (2007-2008) the construction of the
CLRS sites. This study period would provide time to compensate for changes in driving
patterns due to the unfamiliarity of the new roadway features (CLRS) or the presence of
construction equipment and changes in roadways, such as closures or detours. However,
for this study, police records corresponding to crash data along the CLRS sites and the
control sites were available only for January 1, 2003, until May 31, 2008. This limited the
use of data from the full 2008 calendar year. To maintain an analysis period that accounts
for seasonal changes consistent with the before and after periods, the final dates for the
comparative analysis were set to be:

e Before period: June 1, 2003, to May 31, 2005

e After period: June 1, 2006, to May 31, 2008

25



3.2 Crash Database

Investigating officers provide police reports documenting crash data involving motor
vehicles, bicycles, and pedestrians. In Georgia, police agencies record motor vehicle
crashes with the standardized Georgia Uniform Motor Vehicle Accident Report. The
Georgia Department of Transportation (GDOT) and/or GDOT contractors (Police Report
Archive) archive the images of these police reports. Additionally, GDOT and/or its
contractors/collaborators extract data from the reports and retain the information in the
GDOT Crash Database, a searchable database format to facilitate retrieval of important
information for research and other purposes.

While both the Police Report Archive and GDOT Crash Database are public
records, they contain sensitive, personally identifiable information that must be protected
from inadvertent release. Researchers are granted access to both databases courtesy of
GDOT based on approved data protection protocols. The protocols used in this study were
originally developed by the Georgia Transportation Institute (GTI). To protect the
anonymity of persons involved in crash reports, GTI requires that its research projects use
sanitized versions of the databases with all sensitive, personally identifiable information
redacted. When the research cannot be conducted using the sanitized databases, it requires

approval from the Georgia Tech Institutional Review Board (IRB).

3.2.1 Treatment and Reference Crash Databases

The crash data were divided into two databases:

e Treatment crashes — crashes occurring along CLRS sites
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e Reference crashes — crashes occurring along a control set of roadways with similar
characteristics to those of the CLRS sites

Treatment (CLRS-associated) crash data were selected using a database query to
filter crashes by the road characteristics and mileposts of the CLRS sites and study period
dates. The RCLink ID in the crash database was used to associate road characteristics data
with the crash data.

The reference crash data were chosen as all crashes along rural, undivided two-lane
highways in Georgia from 2003 to 2008. Given the verification requirements for the
crashes using the police records, a 25% random sampling was used to reduce the reference
crash data. After sampling, 17,381 crashes were identified. Physical road characteristics
were used to filter out irrelevant cases, as shown in Table 7. Additionally, crashes from
treatment sites were excluded (Sin 2014). The final reference set consisted of 11,706

crashes.

Table 7. Filters Used to Create the Comparison Crashes Database

Variable Filter

. Same dates as the crashes in the
Accident Date Treatment Crashes database
Intersecting Road Type Null
Dividing Highway Barrier Type | 0 — No Barrier

Dividing Highway Median Type

0 — Undivided Road

Functional Classification

2 — Rural — Principal Arterial
6 — Rural — Minor Arterial
7 — Rural — Major Collector

Number of Left Lanes

1 — 1 lane on the left side of the
roadway

Number of Right Lanes

1 — 1 lane on the right side of the
roadway




The research team verified locations of each crash by comparing the results
obtained from the crash database with the corresponding (sanitized) police report. The
details of the sanitization process can be found in Appendix A. Because each police report
was recorded by the investigating officer present at the time of the crash, the entries are
subject to human error. The researchers assumed that the rate of errors was consistent
throughout each study year. Each milepost reported in the police report was considered
correct and used to determine if the crash was located in a treatment site in the verification

process.

3.2.2 Crash Database Verification

Undergraduate research assistants were charged with verification of the crash database to
identify target crashes needed for this research. In this case, target crashes are influenced
by the presence of CLRS. CLRS are intended to prevent specific target crashes: those
caused by vehicle centerline crossovers. This research identified target crashes as head-on
collisions, opposite-direction sideswipe collisions, or collisions not with motor vehicles
(Russell and Rys 2005, Sin 2014).

Additionally, the first few moments of these collision events likely involve crossing
over the centerline due to inattentiveness, distraction, fatigue, or other conditions that are
not intentional on the driver’s part (Sin 2014). Therefore, target crashes exclude several
centerline crossovers that occur due to other circumstances, such as vehicles that originally
run off the right shoulder of the road and overcorrect and cross over the centerline, or
crashes that occurred on locations that did not meet the two-lane, undivided requirement
(e.g., at intersections or on three-lane or wider highways). A list of detailed exceptions is

provided in Figure 5. Approximately, one-fifth (18.9%) of all target crashes (292 target
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crashes) experienced some form of hydroplaning. Environmental conditions, such as water,
rain, ice, and snow, and spilled fuel on the roadways that caused hydroplaning were

considered as target crashes.

e Location outside of study scope
0 Intersections
0 On three-lane or wider highways
0 With separation or barriers between
opposite directions of lanes
= Two-way left-turn lanes
* Raised medians
* Turning lanes
e Overcorrection—vehicle first runs off to right
e Passing maneuvers

e Environmental/external factors

Figure 5. Target Crash Exceptions

Annual average daily traffic (AADT) and segment lengths for each crash analyzed
in this study were identified from GDOT public data for 2003 to 2008. Due to the large
number of crashes in the study set, a MatLab® code was written by the research team to
extract this specific data for all target and non-target crashes by referencing the RCLinkID

and location of crash as specified in the crash report.
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3.3 Empirical Bayes Method/Development of SPF

The EB method was used to evaluate the effectiveness of the CLRS in preventing cross-
over collisions. The safety performance functions for both before and after periods were
derived to predict the number of expected crashes in the after period without the installation
of CLRS. These estimates were based on all pre-installation (before period) crash data for
the entire population of study segments, both treatment and reference sites. The basic input
for this evaluation includes the number of collisions that occur on the study sites, and their
respective AADT values and segment length. According to the Highway Safety Manual
(AASHTO 2010), the SPF for predicted average crash frequency along rural two-lane, two-

way roadway segments is given by Equation 1.

N = e*AADTFL x 365 x 107° (1)

spfrs
Where:
spfrs — predicted total crash frequency for roadway segment base conditions;

AADT = average annual daily traffic volume (vehicles per day); and

L = length of roadway segment (miles)

3.3.1 Before-Period SPF Parameters

The observed parameters for the SPF equation above were determined by a multistep

process.
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STEP 1: Select the before-period SPF
Based on the before period, the predicted number of crashes is found with the SPF,

using Equation 2:

Npreaictea = €“PAADTyeore™ Liesore X 365 x 107° @
Where:
o = the relationship between crash frequency and roadway characteristic of
rural, two-lane, undivided highways in the before period; and
Bo = the relationship between crash frequency and AADT in the before period

The total number of collisions used in the SPF are derived from the treatment sites
and control sites. This total number of collisions is affected by the AADT and other
roadway characteristics (including the segment length). The effect of the AADT is

evaluated by determining the B coefficient.

STEP 2: Determine the 3 coefficient for the before-period SPF

The specific values for the coefficients a and B are needed to complete the SPF.
The SPF in Equation 2 is modified to include vehicle miles traveled (VMT) embedded
within the AADT as shown in Equation 3. As per the U.S. Department of Transportation
definition, vehicle miles traveled is the measurement of the total miles traveled by vehicles
within a specific time-period (FHWA 2017).

VMT for two years was calculated as follows:

VMT = AADT X L x 730 x 107 (3)
VMT can be inserted into the before prediction SPF, Equation 2, and simplified as shown

below:
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N.

predicted — e“AADTP1 x (VMT)

N.

predicted __

2AADTFE1
vMT ¢

N redicted
In <p—

— a BL-1
UMT > In(e*AADTP™H)

Npredicted _
In <W) — (B — DIn(AADT) + a 4)

VMT is calculated by multiplying the amount of daily traffic on a roadway segment
by the length of the segment. The relationship demonstrated in Equation 4, between the
observed crashes during the before period and their respective AADT and segment lengths,

is fitted to determine the appropriate 3 coefficient.

STEP 3: Determine the o coefficient of the before-period SPF
The a coefficient is determined by accounting for all roadways in the before—after
set. Also, the AADT for each section must be corrected to account for all segments in the
before period, even those with no crashes. The corrected AADT must be adjusted by a ratio
of the standard AADT rate to the treatment AADT, referencing a weighted average.
Using the original SPF equation, the sums of the roadway segments and number of

crashes should be included as follows:

Z Nobserved before crashes,i
Total VMT for all roadways

= e@)corrected AADTlﬁ %)
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ted AADT} = ( e )B ©
correcte , — ave ave(AADT)

Z Nobserved before crashes,i

Total VMT %
corrected AADTlﬁ

a, =1In

STEP 4: Using the before-period SPF determined, calculate the predicted average crash

frequency for the treatment group during the before period
3.3.2 After-Period SPF Parameters

STEP 5: Select the after-period SPF

The after-period SPF is calculated as:

Nclrs,observed = e(al)AADTclrs,observed'BlLclrs,observed x 730 X 10_6 (8)

Where:

(v} = the relationship between crash frequency and roadway characteristics of
rural, two-lane, undivided highways (including the CLRS) in the after
period; and

B1 = the relationship between crash frequency and AADT in the after period

STEP 6: Determine the § coefficients of the after-period SPF
The specific values for the coefficients, a1 and i1, are needed to complete the SPF.

The prediction SPF for the after period is calculated as:
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Npredicted,after = e(al)AADTafter,clrs'BlLafter,clrs X 730 X 10_6 (9)

N predicted \ _
h«—iﬁrﬂ_4ﬁ—nmmmnj+a (10)

As with the before period, to determine the B coefficient in the after period, the
relationship between the observed crashes during the after period and their respective

AADT and segment lengths is fitted.

STEP 7: Determine the a coefficient of the after-period SPF
The a coefficient for the after period is determined by the same method as for the

before period.

AADT; \F
B i
AADT] = —— 11
corrected . = ave <(ave(AADT)> > (11)

Z Nobserved before crashes,i
Total VMT

corrected AADTlﬁ

a0=ln

(12)

STEP 8: Using the after-period SPF determined, calculate the predicted average crash

frequency for the treatment group during the after period

3.3.3 Determination of Crash Modification Factor

The crash modification factor (CMF) for CLRS is determined by comparing the

observed after-period data with the predictions from the associated SPFs.

STEP 9: Compare the observed number of crashes at the treatment sites with the

predicted crashes in the before period
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When comparing the observed collisions to the expected collisions, they are related
by the site effects, which include all roadway characteristics found at the study sites, as

seen in Equation 13.

(Observed No.of Collisions)perore

= (Predicted No.of Collisions)perore (13)

X (site effect)before
Site effects include all the factors that influence the crash rate at a certain site, such

as roadway geometry, pavement condition, weather and environment, driver vehicle, etc.

site ef fect = ef fect of roadway geometry X effect of weather

X ef fect driver behavior

X ef fect of pavement condition

X ef fect of vehicle fleet and age X etc ... (14)

The study period was chosen to be for the same duration and months so as to reflect

the same effects in both the before and after periods. The only difference between the two
periods is the addition of CLRS. The site effect in the after period is the same as that of the
before period multiplied by the effect of the CLRS, which is quantified in the CMF (see

Equation 15).

(site effeCt)after = (site effeCt)before X CMF g (15)
The relationship between the after-period SPF and the before-period SPF is affected

by the temporal trend in the data.

SPFafter = SPFperore X temporal trend (16)
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The after-period SPF is used to predict the number of crashes at the treatment sites

if the CLRS treatment was not installed.

(Predicted No.of Collisions)gfrer = SPFyfrer X (Site ef fect)gsier (17)

The observed number of collisions is found in a similar way as for the before period

but now includes the presence of CLRS.

(Observed No.of Collisions)qyter (18)
= (Predicted No.of Collisions)qyter
X (site effect)before X CMF_} ¢

The before-period site effect is accounted for in the ratio of the average observed

and the predicted crash frequencies in the before period.

(Average Observed No.of Collisions)pesore (19)

it t =
(site ef fectvesore (Predicted No.of Collisions)pefore
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4 Results

4.1 Crash Statistics

This section examines comparative statistics of crashes in the before and after periods. This

constitutes a naive analysis.

4.1.1 Total Target Crashes

Overall, 1550 target crashes occurred on all segments during the study period. During the

before period (June 1, 2003, to May 31, 2005), 98 and 739 target crashes occurred on CLRS

and non-CLRS sites, respectively, for a total of 837 target crashes. In the after period

(June 1, 2005, to May 31, 2008), 56 and 657 target crashes occurred on CLRS and

non-CLRS sites, respectively, for a total of 713 target crashes. Table 8 summarizes these

data by 12-month period. Table 9 shows a site-by-site comparison breakdown.

Table 8. Total Crashes

Before After SUM
6/1/2003— | 6/1/2004— | 6/1/2006— | 6/1/2007— Before After
5/31/2004 | 5/31/2005 | 5/31/2007 | 5/31/2008
CLRS 52 46 31 25 98 56
NON-CLRS 332 407 327 330 739 657
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Table 9. Site-by-Site Comparison, All Crash Types

No. of No. of
St}ldy Crashes in Crashes in Change
Sites Before After
Period Period
SR 14 13 3 10 —76.9%
SR 16 28 9 19 —67.9%
SR 369 23 16 7 —30.4%
SR42 A 6 1 5 —83.3%
SR 42 B 0 3 -3 —
SR 204 3 4 -1 +33.3%
SR 36 A 3 1 2 —66.7%
SR 36 B 11 3 8 =72.7%
SR 136 17 18 -1 +5.9%
Overall 104 58 46 —44.2%

4.1.2 Analysis of Crash Severities and Types

A naive before—after analysis of severity types shows all sites saw a decline of the
number of injuries and fatalities. Table 10 shows that CLRS sites experienced declines of
—59.1% and —28.6% in injuries and fatalities, respectively. Though not as pronounced,
non-CLRS sites had declines of —0.7% and —8.0% for injuries and fatalities.

Figure 6 shows that for CLRS sites, the proportion of crashes with injuries or
fatalities declined by —8.17% and —0.34%, respectively. Non-CLRS sites experienced a
slight increase (+0.11%) in the proportion of crashes with injuries and a slight decrease

(—0.05%) in the proportion for fatalities.
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Table 10.

Number of Individuals Injured

Before After % Change
CLRS 88 36 —59.1%
Injuries
NON-CLRS 595 591 -0.7%
CLRS 7 5 —28.6%
Fatalities
NON-CLRS 50 46 —8.0%
Crashes with Crashes with
Injuries per Total Fatalities per Total
Crashes Crashes

2.009
" & 0.11%
2  0.00% ——
g -2.00% 034%  "0.05%
= .4.00%
oo
5 -6.00%
e
< -8.00%

-10.00% 1 8L7%

Figure 6. Percent Change of Crashes by Severity

B CLRS m NONCLRS

in Before versus After Period

4.1.3 Naive Analysis of Crashes by Collision Type

Table 11 summarizes the number of target crashes in the before and after periods. With the

exception of opposite-direction sideswipe collisions at the reference (non-CLRS) sites, all

crash types showed decreases, albeit with greater decreases at the CLRS sites. Similarly,

Figure 7 illustrates the change in these crashes as a portion of all crashes. Table 12 provides

results for treatment sites by type of collision. Comparison of crash types for the before

and after periods for all treatment sites for head-on crashes, opposite-direction sideswipe
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crashes, and not-a-collision-with-a-motor-vehicle crashes is shown in Tables 13-15,

respectively.
Table 11. Crash by Collision Type
Type of Collision Before After o
yp Change
CLRS 12 7 —41.7%
Head On
NON-CLRS 70 55 —21.4%
CLRS 30 6 —80.0%
Sideswipe—Opposite Direction
NON-CLRS 95 116 +22.1%
CLRS 56 43 —23.2%
Not a Collision with a Motor Vehicle
NON-CLRS 570 484 —15.1%

% Change in Crashes

1.00%
0.50%
0.00%

-0.50%
-1.00% |
-1.50%
-2.00%
-2.50%
-3.00%
-3.50%
-4.00%

Figure 7. Percent Change in Crashes by Type

Head On Collision

[
-0.24%

-0.81%

Sideswipe Opposite Not a Collision with a
Motor Vehicle

Direction

0.39%

-3.70%

B CLRS mNONCLRS
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Table 12. Site-by-Site Comparison by Collision Type

Study Before After
Sites Crash Type Number of Number of
Crashes Crashes
Head On 3 0
SR 14 Sideswipe—Opposite direction 2 0
Not a collision with a motor vehicle 6 3
Head On 3 1
SR 16 Sideswipe—Opposite direction 10 1
Not a collision with a motor vehicle 14 7
Head On 3 3
SR 369 Sideswipe—Opposite direction 12 3
Not a collision with a motor vehicle 7 10
Head On 0 0
SR 42 A Sideswipe—Opposite direction 1 0
Not a collision with a motor vehicle 5 1
Head On 0 1
SR42 B Sideswipe—Opposite direction 0 0
Not a collision with a motor vehicle 0 2
Head On 0 0
SR 204 Sideswipe—Opposite direction 0 1
Not a collision with a motor vehicle 3 3
Head On 0 0
SR 36 A Sideswipe—Opposite direction 1 0
Not a collision with a motor vehicle 2 1
Head On 2 0
SR36 B Sideswipe—Opposite direction 1 0
Not a collision with a motor vehicle 6 2
Head On 1 2
SR 136 Sideswipe—Opposite direction 3 1
Not a collision with a motor vehicle 13 14
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Table 13. Comparison of Head-on Crashes

Number of Target Crashes

Change in Crashes

Study

Sites Before After Number Percent
SR 14 3 0 -3 —100%
SR 16 3 1 -2 —66.7%
SR 369 3 3 0 0.0%
SR 42 A 0 0 0 —
SR 42 B 0 1 +1 —
SR 204 0 0 0 —
SR 36 A 0 0 0 —
SR 36 B 2 0 -2 —100.0%
SR 136 1 2 +1 +100.0%

Total 12 7 -5 —41.7%

Table 14. Comparison of Opposite-Direction Sideswipe Crashes

Number of Target Crashes

Change in Crashes

Study
Sites Before After Number Percent
SR 14 2 0 -2 —100.0%
SR 16 10 1 -9 —90.0%
SR 369 12 3 -9 —75.0%
SR 42 A 1 0 -1 —100.0%
SR 42 B 0 0 0 —
SR 204 0 1 +1 —
SR 36 A 1 0 -1 —100.0%
SR 36 B 1 0 -1 —100.0%
SR 136 3 1 -2 —66.7%
Total 30 6 —24 —80.0%
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Table 15. Comparison of Not-a-Collision-with-a-Motor-Vehicle Crashes

Study Number of Target Crashes Change in Crashes

Sites Before After Number Percent
SR 14 6 3 -3 —50.0%
SR 16 14 7 =7 —50.0%
SR 369 7 10 +3 +42.9%
SR42 A 5 1 —4 —80.0%
SR42 B 0 2 +2 —
SR 204 3 3 0 —
SR 36 A 2 1 -1 —50.0%
SR 36 B 6 2 —4 —66.7%
SR 136 13 14 +1 +7.7%

Total 56 43 -13 —23.2%

4.2 Empirical Bayes Method/Development of SPF

Table 16 lists the critical parameters used in the EB method to determine the respective

SPF for each study period.

Table 16. Crash Statistics

Before After

Segments with crashes 623 532

All roadway segments w/o CLRS 2,414 2,318
Average AADT (vehicles) 4,302 4,217
Total VMT (millions) 20,384 19,869
oy | 0on
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4.2.1 Before-Period SPF Parameters

STEP 1: Select the before-period SPF
Since the number of crashes in this analysis period is for two years, the general

prediction SPF (Equation 2) is modified as shown in Equation 20:
Npredicted,before = e(aO)AADTbeforeﬁoLbefore X 730 x 10_6 (20)

STEP 2: Determine the § coefficient of the before-period SPF
Equation 20 is modified to include vehicle miles traveled embedded within the

AADT, as shown in Equation 3.

VMT = AADT X L X 730 x 107° (21)
VMT is incorporated into the before prediction SPF, Equation 20, and simplified
as in Equation 4.
The study set included 623 roadway segments without CLRS that experienced
crashes. The relationship demonstrated in Equation 4, between the observed crashes during
the before period and their respective AADT and segment lengths, is used to determine the

B coefficient as illustrated in Figure 8.
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Figure 8. BEFORE: In(crashes per VMT) versus In(AADT)

—0.7955 = (B — 1), therefore § = 0.2045 (22)

STEP 3: Determine the a coefficient of the before-period SPF

The a coefficient is determined by accounting for all roadways in the before—after
set, even those with no target crashes. The before-period study set comprised 2414 roadway
segments without CLRS. The average AADT for all these segments was 4302 vehicles.
AADT must be adjusted by the ratio of the base rate to the treatment AADT, referencing a
weighted average. To do so, the AADT for each section was corrected by dividing each
individual AADT by the average AADT. Then these values were replaced in the before-
period SPF equation and raised to the B coefficient determined in step 2. The standard

condition was determined by averaging these values, and was 0.95, as seen in Equation 23.

B i
AADT" = _ = 0. 23
corrected ! ave <(ave(AADT)) ) 0.95 (23)

ave(AADT) = 4302 vehicles
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Alpha was then determined by incorporating the standard condition into the original

before-period SPF, as shown in Equations 24 and 25.

Z Nobserved before crashes,i

= (@) ted AADTF 24

Total VMT for all roadways - O cct¢ ! (24)
Z Nobserved before crashes,i 834

ay =In Total YMT —In( 20384 | _ _34435 (25)
corrected AADTlB 0.95

The e31*35constant gives the standard crash frequency rate for the before period, which

is 0.431 target crashes/yr/10° VMT.

STEP 4: Using the before-period SPF determined, calculate the predicted average crash
frequency for the treatment group during the before period
Using the treatment before sites’ AADT and segment lengths, the predicted number

of crashes is calculated as follows:

Npredicted,before = e_3'1435AADT£é2ng§iLbeforei X 730x107° (26)

However, each segment has different values of AADT per year and only has a
certain number of days in that year. Since the before-period study is from June 1, 2003, to
May 31, 2005, the predicted frequency is more accurately calculated as shown in

Equation 27.
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Npredicted,before

= (€335 AADT3Y  Liesore; X 181 X 1076)

27)
+ (6_3'1435AADT20(')%)%6Lbeforei X 365 X 10—6)
+ (e 3135 AADTIAY *Liyesore, X 184 X 107°)

Table 17 displays the total predicted crashes on all nine sites.

Table 17. Predicted Crash Frequency in Before Period

Predicted before
Site total crash
frequency (vehicles)
SR 14 3.44
SR 16 6.17
SR 369 11.02
SR 42 A 0.83
SR 42 B 1.93
SR 204 1.96
SR 36 A 1.24
SR 36 B 2.37
SR 136 1.61
Total 30.6

4.2.2 After-Period SPF Parameters

STEP 5: Select the after-period SPF

As in the before period, the general equation for the after-period SPF is:
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Npredicted,after = e(al)AADTafterﬁlLafter X 730 X 10_6 (28)

STEP 6: Determine the B coefficient of the after-period SPF
Using the same equation as Equation 4, but with the AADT and segment length
values of the after-period comparison set, 532 roadway segments with crashes were plotted

as shown in Figure 9.

n=>532
2 After SPF

12

5 y =-0.7986x + 4.5673
R?=0.5073

Figure 9. AFTER: In(crashes per VMT) versus In(AADT)

—0.7986 = (B — 1), therefore § = 0.2014 (29)

STEP 7: Determine the a coefficient of the after-period SPF

The a coefficient for the after period is determined by the same method as the before
period. This set contained a total of 2318 roadway segments without CLRS. The average
AADT for all these segments was 4218 vehicles. The standard condition is determined by

averaging these values, which was 0.95, as seen in Equation 30.
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. \B
corrected AADTLB1 = ave ((%) 1) =095t (30)

ave(AADT) = 4,218 vehicles

Total VMT = 20,384 x 10®miles

Z Nobserved after crashes,i 711
corrected AADTlB1 0.95

The e3-2790 constant gives the standard crash frequency rate for the before period,

which is 0.377 target crashes/yr/10® VMT.

STEP 8: Using the after-period SPF determined, calculate the predicted average crash
frequency for the treatment group during the after period
Using the treatment after sites’ AADT and segment lengths, the predicted number

of crashes in the after period is generally calculated by Equation 32:

Nclrs,predicted,after
(32)
= e3P0 AADT 2 FrerLetrs apter X 730 X 1076

clrs,after
The predicted frequency for the after period from June 1, 2006, to May 31, 2008,

was more accurately calculated as shown in Equation 33.
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Npredicted,after = (9_3'2790AADT20()%06%4LCLRSi X 181 X 10_6)
+ (e 32790 AADTIZ Ly s, X 365 X 1076) (33)
+ (e 327 AADT 553 *Lerrs, X 184 X 107)

Table 18 displays the total predicted crashes on all 9 sites, totaling 26.197 vehicles.

Table 18. Predicted Crash Frequency in After Period

Predicted after total
Site crash frequency
(vehicles)
SR 14 2.8
SR 16 53
SR 369 9.2
SR 42 A 0.8
SR 42 B 1.9
SR 204 1.7
SR 36 A 1.0
SR 36 B 2.2
SR 136 1.4
Total 26.3

4.2.3 Determination of CMF

The CMF for CLRS is determined by analyzing the data from the before period and the

after period.

STEP 9: Compare the observed number of crashes at the treatment sites with the

predicted crashes in the before period
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As discussed in Section 3.3.3 (Equations 13—19), the CMF is calculated as:

CMF, clrs

_ (Observed No.of Collisions) gfer X (Predicted No.of Collisions)pefore
~ (Predicted No.of Collisions)fter X (Observed No.of Collisions)pesore

_ 56 x30.58

4.3 Misclassified Crashes

Table 19 shows the number of misclassified target crashes and the reason for their
misclassification. Misclassifications were found in 6.73% of all target crashes. The
category “not a collision with a motor vehicle” had the most misclassifications. This was
mainly due to the use of wrong definitions for each classification. A head-on or angle
collision involves more than one vehicle. When a motor vehicle collides with anything
other than another motor vehicle, it is considered “not a collision with a motor vehicle.”
Some police officers misinterpreted a motor vehicle crashing head on or at angle with an
object as “head on” or “angle.” This error could easily be prevented in the future by more

specific training.
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Table 19. Misclassified Target Crashes

Correct Classification

Sideswipe— .. .
Opposite Nota COHISIOII. with Head on | Subtotal
. . a motor vehicle
direction
Sideswipe—
Opposite 2 3 5
direction
Not a collision
g with a motor 2 — 2
'*3 vehicle
5?-:J Head on 2 29 31
T: Angle 23 21 14 58
E Rear — 1 — 1
No classification/ o ) L )
left blank
Sideswipe—
Same direction 3 1 1 >
Subtotal 30 56 18 104
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5 Conclusions and Recommendations

This study used a seasonally adjusted 24-month pre-deployment (before) period and a
24-month post-deployment (after) period for comparison. The empirical Bayesian analysis
resulted in a crash modification factor of 0.58 for the CLRS treatment, indicating a
42% reduction in crashes associated with those conditions that CLRS was designed to
address (i.e., crashes involving crossing the centerline). However, the sample size was too
small to obtain separate crash modification factors for fatal crashes and injury crashes.

The quality assurance procedure was the most resource-intensive part of the effort.
The research team manually checked the base crash data against the crash description
recorded by the investigating police officer to verify crash type, as well as obtain a clearer
indication as to whether the crash could have been impacted by the presence of CLRS. This
step was critical to improving the reliability of the CMF value, as it reduced crash
misclassifications.

The involvement of multiple agencies in the recording of the crash data naturally
introduces variability and non-uniformity in the crash data. These errors become critical,
particularly when the results are dependent on the correct categorization of the incidents
and the correct association of the incidents to a safety measure. A broader methodological
recommendation from the lessons learned in the study is to employ sufficient crash
verification procedures in any safety study that develops a crash modification factor,
especially in cases where the sample size of the crashes is small, or if crash modification
factors are desired for specific crash categories.

The Phase 1 report for this project showed that most of the maintenance and

commonly cited deployment concerns can be addressed using some modification to the
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design of the CLRS. Most of the state DOTs surveyed as part of that study were amenable
to further use of CLRS as a safety countermeasure.

The favorable crash modification factor (0.58) obtained in this study clearly
provides sufficient justification for the use of CLRS as a low-cost safety countermeasure

to address crashes involving vehicles that cross the centerline of the roadway.
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Appendix

Crash Database Sanitation

The police reports corresponding to the filtered control and treatment crashes contain
personally identifiable information and, therefore, required a sanitization process. The first
step of the sanitation process involved the use of a Perl script to redact sensitive
information. Then, a GDOT-authorized database user manually reviewed the redacted
version of the crash report. These reports were in standard two-page format with
supplemental pages provided on some reports (e.g., when multiple vehicles were involved
or injuries had occurred). The first page of the report always contained certain personally
identifiable information, which was not pertinent to this research effort. Personally
identifiable information may, or may not, be present in subsequent pages. Given the non-
uniformity of the scanned reports, full automation of the sanitization process was
challenging.

The Perl script accomplished several sanitization tasks. First, all police report image
files were renamed to replace the crash ID with a unique ID used in the sanitized database.
Once this step was completed, the table containing the link between the crash ID and the
unique ID was securely destroyed. Hence, this unique ID had no link and could not be
traced back to the original crash ID. Next, each police report image file was converted to a
series of images, every image representing one page. Each image was identified with the
unique ID that allows it to be linked back to the sanitized database where other non-

personally identifiable information related to the crash is available. Since the information
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on the first page of each report was not needed, it was then deleted, as it contained
personally identifiable information. Subsequently, the second page image was verified to
ensure proper orientation and was inverted, if necessary. Portions of the second page,
where personally identifiable information was present, were then electronically blanked
out. If the original record had only two pages, then the record quite likely was already fully
sanitized; it needed to be verified for the existence of any unusual personally identifiable
information since, often times, the officer includes information in the description such as
the names of those involved, contact information, vehicle identification numbers (VINSs),
and other personally identifiable data pertaining to the individuals engaged in the crash. If
the record had more than two pages, the remaining page images were manually checked
by a GDOT-authorized database user to identify any personally identifiable information.
Any images containing personally identifiable information that were not relevant for
research were deleted. Any sensitive information, such as VINs or driver names and contact
information, was manually removed with the software XnView®, a multi-format graphics
viewer with image-processing capabilities. Removed data cannot be restored after they
have been saved, thus ensuring the privacy of the individuals involved in the crash reports.
Finally, the sanitized versions were made available to students and other researchers, as

they were necessary for analysis in normal research applications.
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