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Executive Summary

This report presents an investigation into the atffeness of chevron markings in

reducing vehicle speeds on two-lane freeway-towesedirectional ramps in a desire to

improve safety performance. The evaluation is thase a statistical comparison of

speeds before and after the installation of themmemarkings at pre-selected sites in the
Atlanta, GA area. The analysis focuses on the anp&converging chevrons over the

range of speed percentiles and on the mean spemayththe use of diverse sampling

and control ramps.

Study Sites

The evaluation of the effectiveness of convergihgvwecon pavement markings has been
performed at two interchange locations in AtlaGaprgia: Interstate 75/85 interchange
and Interstate 75/285 interchange. For each siberamps were selected - a treatment
ramp, i.e. the ramp containing the chevron indialta and a control ramp, i.e. a ramp

with no treatment applied, to monitor potential eriging changes in traffic operations at

the interchange. Data collection stations are g@aémmediately upstream and

downstream of the chevron marking location.

Data Description
Streaming Per-Vehicle Record (PVR) data and birveducle speed data was recorded in
the field and periodically downloaded for analysithe PVR record data for each vehicle
contained parameters including time stamp, laneb®umvehicle class, vehicle speed,
vehicle length, time headway, and distance betwsedas. The data were collected
between March 2008 and February 2009. This stumypared speed distributions
during six time periods including:

» Before the treatment (5 weeks of measurements)

* One week after the treatment (1 week)

* One month after the treatment (1 week)

* Three months after the treatment (2 weeks)

* Six months after the treatment (1 week)

* Nine months after the treatment (1 week)

Findings

Analysis of the speed data indicates that the poesef the chevrons had only a modest
impact on overall vehicle speeds. The observeaigd®in the speed distributions are
reasonably consistent between the test sites tlmieasing confidence in the findings.
The effect of the treatments was most pronouncedmediately following
implementation, with the impact waning over theadion of the study. By the ninth
month the magnitude of the impact was less thampB aver most of the vehicle speed
percentiles.

To account for sampling differences and potentidtrithutional difference
between the data collected over the different timeeods, a “Monte Carlo” random
sampling strategy of lead vehicles was adoptedtter analysis. The results of this
analysis showed an average speed reduction upenrenthe controlling ramp geometry
on the order of 0.5 to 2.0 mph by the ninth moriterareatment, with much of this effect



related to increased speeds on the control rampaddlition, it is noted that there was
minimal effect on the speed variance of vehiclesmmy the controlling ramp geometry.
When considering the potential for speed reductibesveen the detectors it would
appear the chevrons had little to no impact, with ¢ontrol ramps experiencing similar
trends as the treatment ramps. Taken togethemitigd imply the mean effect of the
chevrons is limited to a 0.5 mph to 2.0 mph redurctn mean speed as the vehicles enter
the controlling ramp geometry.

Thus, it was found that the impact of the chevm@atinent on speed tends to be
minimal, with drivers adjusting back to their prews speeds as they acclimate to the
treatment. However, this does not necessarilycatdi that the chevrons are not a
meaningful safety treatment but rather that angtgabenefits are likely not due to a
general decrease in speeds. For example, it silpeghat the chevron treatment may
help alert an inattentive driver thus reducing likelihood of an accident occurrence
without having a significant impact on the ovegadpulation. Additionally, an incident
analysis for the subject ramps showed that a sogmf subset of the crashes occurred
under wet or snowy conditions and it is possiblat tthe chevrons function differently
under these adverse conditions. Data collectiostcaints precluded examination of this
possibility. Prior to any final judgment on thdeztiveness of the chevron treatment on
safety it is recommended that a direct acciderdys{as opposed to utilizing a surrogate
such as speed) be conducted after sufficient accidita has been gathered. It is also
noted that the minimal speed reduction is basetivontwo-lane freeway ramp sites in
one geographic area and additional research isedeed
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CHAPTER 1 - INTRODUCTION

CHAPTER 1. INTRODUCTION

Speed is a prime factor in highway safety. In 2@68re were 42,815 traffic
fatalities in the United States (1,523 in Georgi&yvhich 13,713 (313 in Georgia) were
speeding-related, accounting for 32% (20% in Gegrgi the total fatalities. Of the total
number of speeding-related fatalities in the Un2002, 7,039 (51%) occurred on roads
with posted speed limits above 55 mph [1].

Measures for discouraging speeding, especialygt-speed locations, are of
major interest to the traffic engineering communiBirst proposed nearly a decade ago
in Japan, converging chevron pavement markingsréaidied as “chevron markings”
hereafter) have recently seen rising interesténhited States. The first documented
U.S. test of chevron markings was undertaken imistilkee County, Wisconsin in 1999.
This experiment concluded that “Converging cheysamement markings appear to
reduce speeds but more research is needed.[2]”

The purpose of this study is to evaluate the dffeness of chevron markings in
reducing vehicle speeds on freeway ramps in aa@é&simprove safety performance.
This study investigates the effectiveness of chewnarkings at high-speed locations, in
particular two-lane freeway-to-freeway directiorainps. The evaluation is based on a
statistical comparison of speeds before and dfeeirstallation of the chevron markings
at two pre-selected sites. The analysis focusébempact of converging chevrons on
the mean speed and over the range of speed pésserf@amp crash history is also
considered. To investigate whether the speed tedudf any, may be attributed to the
installation of the chevron markings, factors sastthe traffic conditions, weather, time
of day, day of week, road conditions, driver popialg traffic pattern, and the like, are
taken into consideration through the use of diveesapling and control ramps.

This study provides specific insights in the apgbitity and suitability of chevron
markings in high speed-speed, controlled accesditots in urban Georgia area. In
addition, this evaluation study may be consider@d @f the systematic nationwide effort
to provide additional and complementary assessnuénbe effectiveness of chevron
markings in reducing speeds. Though proposedyaatecade ago, utilizing chevron
markings for speed control is still a relativelyaneoncept in the United States. Prior to
large-scale implementation, systematic studiesereffectiveness of the chevron
markings, such as this study, must be undertakegstlocations. This study helps move
forward the state-of-the-practice by contributinghe evaluation of the effectiveness of
chevron markings, and testing their effectivenasgducing the speed of Georgia traffic.
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CHAPTER 2. LITERATURE REVIEW

INTRODUCTION

Pavement markings are used as a means to guidéoonithe road user of the existence
of a potentially hazardous location and of local &deral regulations [3]. The advantage
of the pavement markings over other traffic contleVices (e.g., signs and traffic
signals) is that pavement markings allow mototist®cus on the roadway while the
information is being communicated. The MUTCD[4}t4 the four basic types of
pavement markings:

Longitudinal lines — e.g., centerlines, edge lirsag] lane lines;
Transverse lines — e.g., stop line, yield line, arasswalk markings;
Arrows, words, and symbol markings; and,

Special markings — e.g., raised pavement mark& &, TIL markings, etc.

The two most common types of pavement markings tesedluence a driver’'s speed
choice are longitudinal and transverse markings$8jeral studies indicate reduced
speeds given narrower lane widths [6-11]. Longitabdmarkings are one mean utilized
to reduce lane widths. A more commonly utilizedegphreduction countermeasure is
transverse pavement markings. Transverse paveamakings are generally installed in
advance of horizontal curve sections, intersecjgproaches, work zones, and freeway
off ramps to warn road users of the potentiallydndaus location [3, 12]. Transverse
lines typically consist of a bar or chevron pattacnoss the travel lane. Short bars placed
only on the edge of the travel lane are calledgbenal transverse lines [13, 14]. In many
applications the spacing between transverse linegedses as the driver approaches the
potentially hazardous location. If a driver contis at a constant speed the decreasing
spacing creates a perception of acceleration, htdpeincouraging the driver to reduce
their speed [3].

PREVIOUS STUDIES

Several studies in the past have evaluated thetie#aess of the pavement markings as a
speed reduction counter measure.

The first converging chevron pavement markingheW.S. were installed in
2003 at an exit ramp located in Milwaukee, WiscongA study was conducted by
Drakopoulos and Vergou [2] to evaluate the chetreatment impact on speed and
safety. Speed data was collected (5 min bin defyre and 18 months after the chevron
pavement marking installation. The results shothat speeds were significantly
reduced during all weekday and weekend hours. nfiéen and the 85percentile speed
reductions were 15 and 17 mph at the downstreaettbetof the chevron treatment.
Crash data for the test ramp and a comparison veen@ also presented in the report. It
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was shown that the number of crashes decreasedhatdmps. However, the authors
stated that the crash data was available only $hroat time frame and that a statistical
crash analysis could not be conducted.

A later study in Kentucky [3] was conducted to enk the effectiveness of
several treatments (i.e., warning sign, post detors, transverse lines, flashers) in
reducing speeds. Three rural sites were includedis study. The speed measurement
data revealed mixed results. One site indicatesigraficant speed reduction but
considerable speed variance reduction for mostnerats, including the transverse
markings. The other two sites showed significgeies! reductions under all treatments
tested. For all three sites, the speeds overdfi@&rcentile speed are more significantly
affected by the treatments than lower speed valkeasthermore, the authors suggested
that the use of transverse markings through theegas opposed to stopping at the point
of curvature, as a more effective treatment apftina

A comprehensive study by Katz [14] evaluated tlieativeness of peripheral
transverse lines on speed reduction. Includedearstudy were a freeway exit ramp and
two rural arterials, with each of the three sitea idifferent state. The results of this
study also showed a mixed effect for the periphteaalsverse line treatment. The
freeway exit ramp at the New York site showed tlusinsignificant speed reduction at
approximately four mph in mean speed and five npihé 8%’ percentile speed. The
rural arterials in Mississippi and Texas were alightly impacted by the treatment. The
author suggested that several factors influencedn&ignitude of the treatment effect
including driver familiarity with the road, degreécurvature, and visibility of the
pavement markings.

SPEED AS SURROGATE SAFETY MEASURE

It is well know that as speed at impact decreaseséeverity of a collision decreases.
The purpose of a pavement markings treatmentwsata road users of a potentially
hazardous location and encourage the user to rédecespeeds. This reduction in
speeds at hazardous locations is expected to irapoad safety [15-17]. Thus, the
magnitude of speed reduction is often used asragate safety measure to estimate the
effectiveness of pavement marking treatments. KWeromeasure also often used as a
safety surrogate measure is speed variance. $ewadaes indicate that high speed
variance is associated with high crash risk [18-22]
In summary, three forms of speed-related measreegsed to evaluate the

effectiveness of transverse pavement markingsntreyatt[16]:

¢ Reduction of mean speed,

 Reduction of operating speed or thd'g®rcentile speed, and

¢ Reduction of speed variance.
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CHAPTER 3. EXPERIMENTAL DESIGN

STUDY SITES

The evaluation of the effectiveness of convergingvcon pavement markings has been
performed at two interchange locations:

e Site A: Interstate 75/85 interchange (North Atignt
e Site B: Interstate 75/285 interchange (North-WAdkinta)

The study sites are shown in Figure 1. These wit#s selected by the Georgia
Department of Transportation in consultation wite tesearch team. The driving factor
influencing the selection of these ramps was tls&rel¢o test the chevron treatment at
freeway-to-freeway ramp locations where the rangggry requires a significant
decrease in vehicle speeds. As seen in the bagkgmdiscussion, the desired direct
impact of the chevron implementation is a reductibmehicle speeds prior to the
controlling ramp geometry, potentially resultingan improved safety performance of
the ramps.
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Figure 1: Study Sites
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To monitor potential underlying changes in trafffgerations at the interchange, two
ramps were selected at each site: a treatment (isgnthe ramp on which the chevron
treatment would be installed) and a control ramg,(a ramp with no treatment applied).
At Site A, the treatment ramp is the intercharayap from I-75 Southbound to I-
85 Northbound. The ramp serves approximately 1By@®ekday vehicles per day per
lane (vpdpl) and 14,000 weekend vpdpl. There ppeaximately two percent heavy
vehicles. Shown in Figure 2 are the data collecsi@ations installed at this interchange.
Data collection stations are placed immediatelytngjasn (S011) and downstream (S012)
of the chevron markings. The distance betweenvibestations is approximately ¥ mile.
The average speeds at the upstream and downstra@ons before the chevron
markings installation are 51 mph and 31 mph, raspdyg. A third station, S013,
collects main line traffic data upstream of thewba installation. Also seen in Figure 2
are the Site A control ramp data collection stajd031 and S032. These collect the
traffic data for the control ramp from 1-85 Southindl to I-75 Northbound. These data
collection stations where chosen to encompasskéky location of a chevron
installation had this been a treatment ramp. ¢jufg 2 the yellow dashed line represents
the direction of travel of the treatment ramp amelried dashed line represents the
direction of travel of the control ramp. The lazanfiguration of the treatment ramp of
Site A is shown in Figure 3. Table 1 provides msary of the data collection stations.
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il | : b | .

Figure 2: Site A Data Collection Stations with Trawel Direction for the Treatment
Ramp (Yellow Line) and the Control Ramp (Red Line)
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Station 012
Station 011 HOV Lane (Downstream)

(Upstream)

Station 013 (Main line) To I-75/85 South

Figure 3: Site A Treatment Ramp Lane Configuration

At Site B, the interchange ramp from 1-285 EastlbtmI-75 Northbound was selected
as the treatment ramp and the interchange ramp IffSouthbound to 1-285
Westbound serves as the control ramp. The treatrae1p serves approximately 18,600
weekday vpdpl and 16,700 weekend vpdpl, with sicgat truck traffic. The treatment
ramp is composed of two data collection statidB&ation S021 is located upstream of the
chevron markings location and the station SO028aated immediately downstream of
the markings location. The distance between tlwestations is approximately ¥ mile.
The average speeds at the upstream and downstrai@ons before the chevron
markings installation are 60 and 45 mph, respelgtiv€he treatment ramp lane
configuration is shown in Figure 5. Data collenteguipment was placed at the
upstream (S041) and downstream (S042) statiorgedbite B control ramp. As with

Site A, the control ramp data collection points eveelected to be representative of the
chevron markings location had this been a treatmaamp. The locations of data
collection stations at Site B are depicted in Fégdir Similar to Site A, the yellow dashed
line represents the direction of travel of the timeant ramp and the red dashed line
represents the direction of travel of the contamhp.
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Streamingi [|1]1]1])151005%: Eye alt 1458 it

Figure 4: Site B Data Collection Stations with Trael Direction for the Treatment
Ramp (Yellow Line) and the Control Ramp (Red Line)
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Station 021 Station 022
(Upstream) To I-75 North | (Downstream)
_UBtanes oo > o tane2 LT
L 1] Lane 2 > Lane 1 [ ][]
L 1[] Lane 1 Direction of travel

Entering Ramp

Figure 5: Site B Treatment Ramp Lane Configuration

Table 1: Data Collection Station Descriptions

To 1-285 East

Interchange Test Ramp Control Ramp
Site Location Upstream Downstrealm Mainline Upstre&rﬁownstream Mainline
A I-75/85 S011 S012 S013 S031 S032 S03B3
B I-75/285 S021 S022 S041 S042

DATA COLLECTION EQUIPMENT

Each detection station consists of a dual loop wifezoelectric detection device
between the two inductance loops. The piezoetedavice is intended to allow for an

accurate measurement of the distance betweenaxtemcrease the accuracy of the

classification of the vehicles.

DATA DESCRIPTIONS

Binned Data

The equipment used for data collection nativelypsufed the collection of binned data,
that is, providing counts of the number of vehichéhin certain user selectable speed
ranges (e.g., 0 mph to 5 mph, 6 mph to 10 mph, A0 tm 15 mph and so on) for a given
time interval (e.g., 5 minutes). The maximum nundfespeed bins allowed by the data
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collection equipment was 20. For this study vdeadiin sizes were adopted in order to
focus the smallest granularity (smallest binshie zone of interest (anticipated impact).

A sample interval of five minutes was selectedggragate speed and traffic
volume data. The bins limits used are providedppendix A. The binned data was
downloaded remotely from the data collection devidaily through the use of a cellular
modem.

PVR Data
In addition to binned data, Per-Vehicle Record (Pd&a was also recorded. The
equipment did not natively support the recordin¥R data. However, since the
equipment supported the streaming of PVR dataymeaitelata recorders were utilized to
collect the PVR data. Given equipment and comnaiiun limitations, PVR data was
not able to be downloaded remotely from the sifHsus, the data on the external drives
was downloaded during periodic site visits overdhaly period.

The PVR record data for each vehicle containedesbtorresponding to the
following variables:

e Time stamp (to the nearest second),
Lane number,
Vehicle class,
Vehicle speed (to the nearest tenth of a mile),
Vehicle length,
Time headway (between front bumpers of consecwicles), and
Distance between axles.

DATA QUALITY ANALYSIS

As part of the equipment installation, the speada®ns were calibrated by the
equipment vendor. Speeds were also spot checkdtebgsearch team using a laser
gun. Based on the vendor calibrations and cheekbitle speeds, the equipment
generally provided a high level of accuracy. Howrewt is noted that occasionally
speeds were recorded by the detection device gigntfy different from that observed.
This typically was a result of a vehicle changiagds while crossing the detector pairs.
It is also noted that speed calibration was coretliethile the traffic was moving at
typical (uncongested) speeds. Detectors wereaiitrated for congested scenarios and
become potentially less accurate as speeds dropvld€l mph. Finally, once the initial
data collection was completed, the devices wereerotlibrated during the study period.
As the critical measure was the relative changpeeds, not the absolute speed measure,
it was determined to leave the detector settinge dime project was under way.

Binned and PVR traffic count data were comparedetermine the consistency
between these methods. The binned and PVR ddé&xteal on April 27, 2008, from
00:00:00 to 23:59:59 of the station S021 (the wastr station of Site B) were selected
for this analysis.
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CHAPTER 3 — EXPERIMENTAL DESIGN

Binned vs. PVR — Traffic Volume

During the 24-hour period, the total traffic volumezorded using the binned data was
31,226 vehicles while the total PVR traffic volumeeorded was 30,457 vehicles. Thus,
the binned method counted 769 more vehicles, appaigly 2.5 percent, than the PVR
method. For a more detailed comparison of the B to the binned data, the PVR
traffic volume of lane numbers 2 and 3 were aggesyato 5 minutes bins over the 24-
hour period. Figure 6 illustrates the 5-minutdfitacounts of binned (black solid line)
and PVR (red dashed line) data. As seen, the tetbads generally record similar
traffic volumes.

The difference between the 5 minutes PVR countdamted volume data was
calculated and the cumulative difference plottegiras} time of day, as shown in Figure
7. Itis seen that the binned and PVR countsather consistent from midnight to noon.
However, the PVR undercounted the traffic voluméhmafternoon and evening, e.g.,
the count difference between 15:00 and 20:00 iscqypately 70 percent of the total
difference. The larger difference in the afternaohkely due to higher traffic volume at
this particular location, exceeding the capabsité the data collection equipment to
stream and record the PVR data. This hypothesiggported by field observations,
where it was noted that under high demand conditiba ability of the detection device
to stream PVR data could be compromised, resultisgpme missed vehicles.

5-Min Sample Traffic Counts
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Figure 6: Five-Minute Sample Interval of Traffic Counts from Binned (Black) and
PVR (Red) Data
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Figure 7: Cumulative Difference between Binned an®VR Counts vs. Time of Day

Both methods appeared to offer similar overall ¢gs@amd both appear equally suitable
for data analysis. However, PVR data does offerdtivantage of allowing for post-
processing of individual vehicle data, providingigher granularity in the data analysis.

Finally, it is also noted that while equipment viashe field throughout the study
period, the data collection is not continuous. el@mt instability in the data collection
equipment did result in random periodic outagesapamong the data collection sites,
requiring both remote and in-field equipment res®sata would not be recorded
between the equipment outage and the equipmertt rékes problem was found to
particularly impact the PVR data, where intermittéata outages (on the order of an
hour to a few days) are withessed, often resultifggher binned data counts than PVR
data. Fewer PVR data points are also typicallylabi® on a daily basis as the PVR data
recording was interrupted daily during the peribe binned data was downloaded.
However, even with these instabilities, significant sufficient quantities of data were
collected to allow for a detailed analysis of thewron effects. It is also noted that in a
few instances smaller binned data sizes are ssaallyindicating loss of binned data
primarily due to equipment failure. The datesvitnich data is compared for analysis in
Chapter 4 are listed in Table 2.
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Table 2: Data Collection Periods

Wednesday, March 05, 2008 283180 Tuesday, April 15, 2008 571257 Sunday, October 05, 2008 336732
Thursday, March 06, 2008 395762 Wednesday, April 16, 2008 596086 Monday, October 06, 2008 451190
Friday, March 07, 2008 326374 Thursday, April 17, 2008 623674 Tuesday, October 07, 2008 491612
Saturday, March 08, 2008 191602 Friday, April 18, 2008 643340 Wednesday, October 08, 2008 426438
Sunday, March 09, 2008 173028 Saturday, April 19, 2008 562284 Thursday, October 09, 2008 462959
Monday, March 10, 2008 249178 Sunday, April 20, 2008 484244 Friday, October 10, 2008 415615
Tuesday, March 11, 2008 303016 Monday, April 21, 2008 578364 Saturday, October 11, 2008 332461
Wednesday, March 12, 2008 419045 Tuesday, April 22, 2008 577808 Thursday, October 23, 2008 729184
Thursday, March 13, 2008 468666 Friday, October 24, 2008 794618
Friday, March 14, 2008 461956 Saturday, October 25, 2008 739004
Saturday, March 15, 2008 353201 Sunday, May 11, 2008 434145 Sunday, October 26, 2008 724742
Sunday, March 16, 2008 309782 Monday, May 12, 2008 568240 Monday, October 27, 2008 872460
Monday, March 17, 2008 402558 Tuesday, May 13, 2008 586120 Tuesday, October 28, 2008 1048488
Tuesday, March 18, 2008 440494 Wednesday, May 14, 2008 536190 Wednesday, October 29, 2008 1043042
Wednesday, March 19, 2008 409918 Thursday, May 15, 2008 526469
Thursday, March 20, 2008 325422 Friday, May 16, 2008 545127
Friday, March 21, 2008 259015 Saturday, May 17, 2008 459156 Saturday, January 31, 2009 453449
Saturday, March 22, 2008 222477 Sunday, February 01, 2009 408671
Sunday, March 23, 2008 225177 Monday, February 02, 2009 510259
Monday, March 24, 2008 282247 Wednesday, July 09, 2008 591348 Tuesday, February 03, 2009 524227
Tuesday, March 25, 2008 342043 Thursday, July 10, 2008 548960 Wednesday, February 04, 2009 525331
Wednesday, March 26, 2008 453546 Friday, July 11, 2008 580931 Thursday, February 05, 2009 540291
Thursday, March 27, 2008 519751 Saturday, July 12, 2008 544835 Friday, February 06, 2009 522603
Friday, March 28, 2008 522648 Sunday, July 13, 2008 429413
Saturday, March 29, 2008 473260 Monday, July 14, 2008 561207
Sunday, March 30, 2008 434430 Tuesday, July 15, 2008 569518
Monday, March 31, 2008 531907
Tuesday, April 01, 2008 549078
Wednesday, April 02, 2008 463415
Thursday, April 03, 2008 349529
Friday, April 04, 2008 432163
Saturday, April 05, 2008 403907
Sunday, April 06, 2008 376822
Monday, April 07, 2008 526925
Tuesday, April 08, 2008 525509
Wednesday, April 09, 2008 530385
Thursday, April 10, 2008 526402
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The quantitative data analysis in the precedingudision provided a check for
inconsistencies in the reporting methods of tha datlection instruments. To check for
any anomalies in the PVR data, a final visual comdition was deemed necessary. It was
not possible to conduct this detailed level vist@ifirmation on the binned data as
individual vehicle speeds are not available, wibheptial anomalies essentially lost in the
aggregation.

Error! Reference source not foundFigure 8 is a plot of the individual PVR
speeds versus the time of day (labeled as secamusniidnight), irrespective of the date,
for detector 011. The plots for the other detectoay be found in Appendix C. Data
from the different periods were superimposed tdythe possible presence of any
outlying data clusters. In the legend, the “n"igades the number of points
corresponding to each period plotted in the gragh.outstanding shift was observed at
any detector location. Some periods of congestrerseen, for example in the before
data between approximately 55,000 and 60,000 sscsmde flow breakdown is
observed. Itis also noted for all time periods.(ibefore, 1 week after, 1 month after,
etc.) that a few very high speeds, ranging fronrmph to over 100 mph, were noted.
Given the geometry of ramps, it is probable thaséhare erroneous data points, likely
the results of vehicles changing lanes while cragai detection zone, closely spaced
vehicles, or some other detection error. As diobservation of the vehicles in question
is not possible, it may not be confirmed with ciertiaif these are erroneous speeds, thus
these data points have not been removed from tiaesda Only those speeds in excess
of 100 mph are not considered in the analysis esetlralues fall well outside any
reasonable range. It is also noted that thereawsesiod (spanning several days) when
the detectors at Site A were constantly generatirgpiciously high speeds. The data for
this period was eliminated entirely.
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Figure 8: Overlapped Time Series plots with PVR Dat at Detector 011 Lane 1

In the next chapter, the findings from a detailedlgsis of the PVR and binned data are
reported.
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CHAPTER 4. DATA ANALYSIS

The initial analysis considers the downstream dets@t each treatment ramp, that is,
Site A - detector site 021, and Site B - detedter@2. These detector locations should
reflect any change in vehicle speeds entering dinéralling ramp geometry resulting

from the chevron treatments. As discussed in @na&tfor each of these detector
locations, speed distributions for each data cbladime period were recorded during
the data collection process. These data will newamined in terms of both direct and
cumulative speed distributions and how these 8istions change across time periods. A
leading vehicle (i.e., free flow) analysis and Moftarlo based analysis incorporating the
upstream detectors and control ramps are also cteulu

SPEED CUMULATIVE DISTRIBUTION FUNCTIONS

For each data collection time period, Figure Ssillates the Cumulative Distribution
Function (CDF) of the PVR speed data for lane draetection site 021. The CDF plot
for lane one of this site using binned speed dashown in Figure 10 (refer to Appendix
A for bin sizes). Figure 11 provides the CDF pliotslane one data collection detector
site 022. In all of these figures, the “n” in flegend represents the number of data
points available.

While some shifts in the plot shapes are apparetiita binned data (Figure 10),
the low-resolution of the data makes interpretatidficult. The range of speeds covered
(i.e., 0 to 70+ mph) and the 20-bin limitation résw bin sizes of 2 to 3 mph at the
highest resolution. Thus, any data collection tpaaod speed differences less than 2 to
3 mph are difficult to distinguish. This limitatiaffects most of the binned detector data
across the treatment and control sites. The pategifect of the chevrons, which may be
smaller than this bin size, is therefore diffidaltdetermine using the binned data.

Since the PVR data are available at a higher réealithe remaining analysis
focuses on these data. The speed distributiotsghif detector site 021 can be seen
clearly in the PVR data (Figure 9). There is sigftof ramp speeds to lower (slower)
levels at one, three, six and nine months aftatrnent, with the largest change observed
after one month. By the nine month data collecpenod, the largest observed shift at
any percentile is on the order of 0.5 to 1 mphtalem detector site 022, illustrated in
Figure 11, shows the same general trend with slepeeds observed immediately after
the chevron treatment installation and speeds géyeeturning to the pre-treatment
levels by the nine month period. The only sigaifitdifferences in the nine month data
at this detector site are seen in the lower peiteentvhere fewer low speed vehicles are
observed in the before treatment data. Similarlt®svere seen in the lane two data for
detector site locations 011 and 022 (see appendixdbly lane two of detector site 022
demonstrated any consistent speed reduction airtieenonth period, generally on the
order of 1 to 2 mph.

16



CHAPTER 4 — DATA ANALYSIS

= _

e

Luk}

Lak}

pa'

Yrooewo |

g [

=

P}

oo

=

=

3 S

e

Lak}

Lak}

P

]

=

= = |

[2y} L]

L

(]

2

<

= Befare {n= 225709 )

= — After 1 weelk (n= 91336 )

= —— After 1 month {(n= 78431 )

H- —— After 3 months (n=54321)
= After 6 months (n= 120928 )
= —— After 9 months (n= 78200

| | | | |
20 25 30 35 40

Speed{mph)

Figure 9: PVR data CDF Plot, Lane 1 of Detector S@ 012

17



CHAPTER 4 — DATA ANALYSIS

=
Lon]
@
=
2 ©
N
2 »
Y E=
s <
[ i
@
o
[ — Before (n= 102585
= —— After 1week (n= 916049
—— After 1 month (n= 84090 )
— After 3maonths (n=103231)
After 6 months (n= 147205 )
& —— After 9 months (n= 77683

\ 1 1 1 1 \ T
20 30 40 50 60 70 80

Speedimph)

Figure 10: Binned Data CDF Plot, Lane 1 of DetectoSite 012

18



CHAPTER 4 — DATA ANALYSIS

= _|
=
La k]
I
'l
Ywm |
g [
=
=
o
=
=
2 S -
]
Lab]
k]
[y
oo
=
= _|
[2y] [ ]
it
L
2
I
=3
k=]
= Before (n= 270906 )
= After 1 weelk (n= 110676 )
E After 1 month (n= B6590 )

After 32 months (n= 88907 )
After 6 months (n= 84997 )
After 9 months (n= 101265 )
T T T T T

20 30 40 S0 B0

Speead(mph)

Figure 11: PVR Data CDF plot, Lane 1 of Detector $¢ 022

SPEED DENSITY FUNCTION

Figure 12 is a plot of the speed density functiegufvalent to a probability density
function (PDF)) of the Lane 1 PVR data at detestr 012. The shifting of the
distributions that were observed in the CDF plats also be seen in the PDF plot. In
this figure it is also seen that the form of theegp distributions is generally constant
between time periods. Only the 1 month data sd¢erssow some skewing of the
distribution to lower speeds, with the remainingtdbutions demonstrating little change
in the speed variability. As with the CDF ploteg¢sAppendix E) similar results are seen
across all lanes of detector sites 011 and 022irA@nly slight changes in the
distributional form are seen by the nine monthgagrindicating minimal lasting impact
of the chevron treatment on the speed variability.
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Figure 12: PVR Data PDF plot, Lane 1 of Detector $ 012

ANALYSIS OF SPEED DIFFERENCE

To further illustrate the differences in the spdedributions before and after treatment,
the speed at each percentile of each distribui@ompared to the pre-treatment value.
Figure 13 illustrates the speed differences foe lane of detector site 012 and Figure 14
shows the results for lane one of detector site 0@2hese plots a negative value
indicates a speed reduction from the before to b@atment time periods, a positive
value indicates a speed increase. For examplgime 13, at the 4bpercentile (i.e.,

0.4) the speed difference between the before tegatoata and the one month data is
approximately negative 1.5 mph, reducing to appnately negative 0.5 mph by the nine
month period. This indicates a speed reductionnoometh after the treatment of 1.5 mph,
lessening to 0.5 mph by nine months after treatnmstdllation. This result is in
agreement with earlier observations based on thie @6t. Further, it is seen in Figure
13 that speed reductions occur over broad pereenatiige. From approximately the 5

to past the 99 percentile, the 9 month period speed reductioesansistently on the
order of 0.5 mph. While there are some clear shvifthe before versus nine months after
speed data, the size of the deviations appears vety small over most of the
distributional range. Figure 14 illustrates thmeaeffects for detector site 022, i.e.,
relatively minimal impacts by the nine month peramar the range of observed speeds
with the lower percentiles speeds seen to incregslee nine month period. As seen in
Appendix F, the finding for the lane two speedslmndetector site 012 and 022 are
similar.
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Figure 14: PVR Data Percentile Speed Difference foll Vehicles, Lane 1 of Site
022

LEAD VEHICLE ANALYSIS

As stated earlier, an expected effect of the chretn@atment is a reduction in driver
speeds. However, if a vehicle is closely followargpther vehicle, as is typical in
congested conditions, it is not known if the subjezhicle speed selection is due to
roadway conditions (e.g., ramp geometry, chevrsigsiage, etc.) or car-following
behavior. Thus far, the analysis for each timeggenas utilized all available data for
each time period. However, it is not known if damipercentages of vehicles
experienced congested and uncongested traffic tonsliacross time periods.
Differences in congestion levels could potentiadigult in an underlying bias due to
differing percentages of forced flow behavior. imeestigate this concern the vehicle
data is separated into leading and following Velsic Any vehicle with headway of 5
seconds or more is considered a leading vehiclthisranalysis. The general assumption
is that a leading vehicle, or platoon leader,eefto travel at its desired speed. Thus, lead
vehicles should more clearly indicate any effedthef chevron treatment. The CDF
speed differences for the leading vehicles ardeqaldh Figure 15 for lane one of detector
site 012. While the sample size (n) is nearly ttat of the all vehicle data, the
magnitude and direction percentile speed differsfficethe leading vehicles are similar
to that observed for all vehicles (Figure 13). flisathe lead vehicle analysis results in
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nearly the same speed distribution, and speedeiifte, as the all vehicle analysis. This
same result is also seen in the lead vehicle asalgsults for the lane 2 of detector site
012 and all lanes of detector site 022 (figuresitbun Appendices G, H and I).
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Speedimph)
0
|

T T 1 1 T
0.0 0.z 0.4 0.6 0.z 1.0

Fercentile {as fraction)

Figure 15: Spread between CDF plots with PVR DatatdDetector Site 012 Lane 1
for Leading Vehicles

MONTE CARLO ANALYSIS

Monte Carlo analysis utilizes random sampling tdily allow for an unbiased
statistical evaluation of the mean difference betwdata sets with different population
parameters. For example, in the first Monte Carlalysis of this effort, a vehicle speed
is randomly selected from the before data and Wekpeed is randomly selected from
the after data, for a detector location. This @ea before-after speed data pair. The
difference between the individual speeds of thia gair represents a single sample of
the before-after speed difference. By drawing ipldtsamples, the average of these
differences is an unbiased estimate of the meagdspiference between the time
periods. Since only the mean differences betwieemdpulations (i.e., the before and
after data sets) is being considered, it is natired that the before-after speed data pair
be for the same vehicle.
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In this effort several different Monte Carlo basethlyzes were performed:

1) Estimate of the difference in the mean speed atithenstream treatment
detector locations across the before and after pienmds.

2) Estimate of the difference in the change in spesd/den the upstream and
downstream treatment detectors across the befdraftar periods.

3) Estimate of the difference in the mean speed andtr@am control detector
locations across the before and after time periods.

4) Estimate of the difference in the change in spesd/den the upstream and
downstream control ramp detectors across the bafateafter periods.

The first analysis is undertaken for the downstré@atment detectors,
specifically detector sites 012 (Site A) and 022g(8). This analysis allows for a more
formal estimate of the mean speed difference olbsleon the chevron treatment ramps as
the vehicles enter the controlling ramp geometaptthat found in the earlier discussion.
The second analysis seeks to determine if theaaliference in the speed reduction
through the chevron treatment area across thedafuat after time periods. This
analysis explores the possibility that a backgrowedd in increasing, or decreasing,
traffic speeds has masked the treatment effeat.e¥ample, earlier discussion implied
minimal impact on speed at the downstream detebtptke ninth month. It is possible
that over this time period background speeds hagased. Thus, the mean speed
entering the chevron treatment zone would be higtlighe vehicle speeds exiting the
treatment zone remained unchanged than the spéectitn through the zone would
have increased between the before and after timedse By considering only the
downstream detectors this potential treatment impawald be overlooked.

The third and fourth Monte Carlo analyzes are sintib the first and second,
except that they are conducted on the control rdat@. The control ramp findings may
then be compared to the treatment ramp findingketermine if the measured effects ,or
lack of, are a result of the chevron treatment lbaekground traffic trend. For example,
the earlier analysis found minimal impact on theegpas vehicles entered the treatment
ramp controlling geometry. However, if the contrainps show an increase in speed on
their downstream detectors, indicating a backgraoackasing speed trend, then a speed
reduction may be attributed to the chevron treatragoal to the increase in speed on the
control ramp that was not witnessed on the treatmaanp.

Error! Reference source not found.summarizes the results for the before
treatment versus ninth month comparisons on Siie75/1-85 Interchange) and Site B
(1-285/1-75 Interchange). For brevity, this dissias focuses on the nine month data.
The full Monte Carlo analyzes across all time pasiare presented in Appendix B. The
plots of the data used in the Monte Carlo analgsesavailable in Appendices J, K, and
L. For each analysis, three iterations of the Mddarlo analyzes were performed. Each
analysis iteration drew a sample of 2000 data pdinith replacement) from a
population of roughly 100,000 vehicles in each getri Each vehicle speed was chosen
randomly from each period's dataset. Averages@rguted across the three iterations
using a pooled estimate. Only lead vehicle spaeglsitilized for the Monte Carlo
analysis.
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Table 3: Monte Carlo Results

Mean Diff

Before Nine Months Ninth Month Mean Diff
Speed Ramp Detector Treatment After Treatment _ Before Significant
Measurement Type (95% CI) (95% ClI) (95% Cl) at 95%
mph mph level
(mph) (mph) (mph)
S012 31.74 31.55 -0.19 No
Site o | Leftlane | (31.55,31.92) | (31.34,31.75) | (-0.47,0.09)
Downstream Treatment
Detector S012 32.42 32.13 -0.29 Yes
Mean Right Lane| (32.25,32.60) (31.97,32.29) | (-0.53, -0.06)
Site A S032 40.37 40.55 0.18 Yes
Control | LeftLane | (40.13,40.61) | (40.31,40.78) | (-0.15, 0.51)
Sgcl)izto -20.28 21.01 -1.64 Ves
ceducion | _SteA | LeftLane (-20.63, -19.92)| (-22.28, -21.55)| (-2.15,-1.13)
Between | |reatment Sgcl)izto -21.06 -22.31 -1.24 Ves
Detectors Right Lane (-21.43, -20.70)| (-22.65, -21.97)| (-1.74,-0.74)
Site A Sﬁggg)left -16.99 -17.16 -1.05 Yes
Control Lane (-17.55, -16.44) | (-17.75, -16.56)| (-1.79,-0.32)
S022 48.03 48.47 0.44 No
Site B | LeftLane | (47.65,48.41) | (48.16,48.78) | (-0.05,0.93)
Treatment
S022 48.16 47.68 -0.48
Downstream . No
Detector Right Lane (47.76,48.57) (47.37,47.99) (-0.99,0.03)
Mean S042 51.54 52.39 0.85 Ves
Site B Left Lane (51.20,51.88) (52.08,52.71) (0.39,1.32)
Cantrol S042 52.59 54.07, 1.48 ves
Right Lane| (52.22,52.97) (53.76,54.39) (0.99,1.96)
sgg;zto 12.32 13.63 -1.30 Ves
Site B Left Lane (-12.90,-11.75)| (-14.09,-13.16)| (-2.04,-0.56)
Reduction Treatment Sgg;Zto -11.61 -14.16 -2.55 Yes
Between Right Lane (-12.23,-10.99) | (-14.63,-13.70)| (-3.32,-1.77)
Detectors Sggizto -0.22 -3.22 -3.00 Ves
site B | Left Lane (-0.72,0.28) (-3.66,-2.78) | (-3.67,-2.33)
Control Sggizto -0.68 -3.04 -2.36 Ves
Right Lane (-1.21,-0.15) (-3.52,-2.56) | (-3.08,-1.64)
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Estimate of the difference in mean speed at the dmstream treatment detector
locations across the before and after time periods.

The first result discussed from the Monte Carloysis is the speed on the treatment
ramps as the vehicles cross the downstream deteetwtering the controlling ramp
geometry. The earlier analysis suggested thathtberons have a minimal impact on
speeds in this location. The Monte Carlo analfggithers this assessment, with the mean
measured speed differences at Site B of 0.44 mpn¢aease in the nine month speed)
on the leftmost lane and -0.48 (a decrease in gifteed) on the rightmost lane. Site A
experienced similar results with mean speed deeseais-0.19 and -0.29 on the leftmost
and rightmost lanes, respectively. Of the Sitend B results, only the -0.29 was found
to be statistically significant.

Site B control ramps do exhibit some increase ensgpeed of vehicles entering
the controlling ramp geometry, with increases 6fngh and 1.48 mph on the leftmost
and rightmost lanes, respectively. Both of the$feidinces were found to be statistically
significant. Assuming similar behavior may haveiebserved on the treatment ramp
this would indicate a potential 0.5 mph to 2 mpaexpreduction due to the chevrons,
figured by subtracting the measured control ranfgcefrom the measured treatment
ramp effect. The Site A control ramp exhibitedatistically significant 0.18 mph
change in speed. Combined with the observed tegdtramp results, the overall impact
of the chevrons remains under 0.5 mph.

Estimate of the difference in the change in speedtween the upstream and
downstream treatment detectors across the before drafter.

In estimating the difference in the change in sgestd/een the upstream and downstream
detectors, the speed difference between thesedasas determined for each time period
and, then the difference in the speed reductiotwsds® analysis periods is determined.
For the Site B treatment ramp increases from tiier®do ninth month after in speed-
reduction-between-detectors of 1.30 and 2.55 ae &@ the leftmost lane and rightmost
lanes respectively. That is, in the ninth monthqakdrivers reduce their speeds by
approximately 1.30 mph more in after period thathmbefore period, in the leftmost
lane, and similarly 2.55 mph in the rightmost lanesthe Monte Carlo estimate of
speeds entering the controlling ramp geometry ertrsatment ramps, little effect was
seen between the before and ninth month data, i, of the observed increase in
speed-reduction-between-detectors is due to high®rron zone entering speeds in the
after period. Similar speed reductions are seeth@isite A ramps, at 1.64 mph and 1.24
mph on the leftmost and rightmost ramps respegtivel

In the final Monte Carlo analysis the speed reduchietween the detectors was
observed for the control ramps. In a revieviEafor! Reference source not found, it is
seen that similar reductions are seen as on tagrtemt ramps, with the Site B reductions
even slightly higher than that on the treatme@szen the control ramps also experience
an increase in speed reduction between detechergffect on the treatment ramp cannot
be associated with the treatment itself but instedi#tely due to changes in background
conditions.
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Monte Carlo Summary

When analyzing the speed entering the controllamgp geometry, it is seen that the
speed reduction is on the order of 0.5 to 2 mpth miuch of this effect related to an
observed increased speed on the control ramp. fifklieg corresponds well to the
earlier CDF and PDF analysis. When consideringptitential for speed reductions
between the detectors, it would appear the chevraddittle to no impact, with the
control ramps experiencing similar trends as teatment ramps. Taken together this
would imply the mean effect of the chevrons is tadito 0.5mph to 2 mph reduction in
speed as the vehicles enter the controlling ranopngéry.
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CHAPTER 5: CRASH DATA ANALYSIS

This section analyzes the crash characteristittsedbur study freeway ramps. Since the
crash data for the extended period after the pamemarkings implementation are not
available at the time of this report, only the ‘toef’ crash characteristics have been
examined. A before-and-after study should be cotadlionce the “after” data are
available. This future study will allow for a datedetermination of the effect of chevron
pavement markings on the total number of crashegelss the crash type distribution
(i.e., rear end, run-off-the-road, and sideswipe).

Crash data at the study segments from 2002 to @@@® obtained from the
Office of Traffic Safety and Design, Georgia Depanht of Transportation (GDOT).
Each record of crash data contains several atésbas shown in Table 4.

Table 4: Crash Data Attributes and Description

Intersecting Rt Type
Intersecting Rt
Ramp Section
Injuries

Fatalities

Collision

Location of Impact
Harmful Event
Light

Surface

Dirvehl

Dirveh2
MnvrVehl
MnvrVeh2

Attribute Description

Accident No Accident ID

Date Accident Date

Time Accident Time

County County Name

Route Type Route Type, e.g., State Route, CounfdRCollector-Distributor, etc.
Route Route ID

Milelog Milelog of the Route

Intersecting Route Type

Intersecting Route ID

Ramp Section, e.g., 0, 1, 2, and 3
Number of Injuries

Number of Fatalities
Manner of Collision, e.g., Rear End,

Location of Impact, e.g., Onddway, On Shoulder, Off Roadway, etc.
First Harmful Event, e.g., Motor \iele in Motion, Guardrail, Median Barrier, et¢.
Light Condition, e.g., Daylight, Dark-lighde Dark-Not Lighted, etc.
Road Surface Condition, e.g., Dry, Wetv8n etc.
Direction of Travel of Vehicle 1
Direction of Travel of Vehicle 2
Maneuver of Vehicle 1

Maneuver of Vehicle 2

It is noted that some crash records contain instarg attribute values and
require interpretation. For example, the typealigion listed (e.g., angle, head-on, and
opposite direction sideswipe) may be unlikely givlea listed vehicle orientations.
When this occurs the type of collision is reassiijttea more likely type.
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Note that the attribute “Ramp Section” indicatesst locations on a ramp
section. The value “0” indicates the crash isiedan the mainline before or after the
ramp. The value “1” indicates the crash is locatethe intersection between the
mainline and the ramp section. The value “2” iatks the crash is located on the ramp
section. The value “3” indicates the crash is fedat the intersection between the ramp
and another facility. Figure 16 illustrates theapasection and its corresponding
identifiers.

0
s
IE
0
0
2
[1
0

Figure 16: Ramp Section Diagram (Source: Jack CarveOffice of Traffic Safety
and Design, GDOT)

The crash data characteristics of the four locatfon the “before” period are described
as follows:

Site A: Test Ramp (from I-75S to I-85N)

Table 5 shows the distribution of crashes by tyfpeobiision at the test ramp of Site A,
i.e., the section from I-75S to I-85N. There wan®tal of 369 crashes during the five
year period at the test ramp. Of those 369 cradldésresulted in injury and one resulted
in a fatality. Forty-nine percent of crashes ooedrduring wet or snowy road surface
conditions. Forty-four percent of crashes occudedng a non-daylight condition (i.e.,
dark, dawn, and dusk).

The ramp is divided into three sections definethenGDOT's crash database —
Section 1 being the most upstream and Sectionr)litke most downstream of this
ramp. Itis seen that Section 1 is dominated hy ead collisions, followed by sideswipe
and single vehicle collisions. Section 2 is dortedaby single vehicle collisions,
followed by sideswipe and rear end collisions. tf®ac3 is dominated by sideswipe
collision, followed by single vehicle and rear esadlisions.
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Table 5: Crashes by Type of Collision at the Rampegtion from I-75S to I-85N

Ramp Section :\\l/lgtt(f; sl(ejlrllliill(;n with A Rear End Sideswipe -IC-Z(r);aslhes
1 25% 40% 35% 160
2 47% 14% 39% 152
3 25% 32% 44% 57
Grand Total 34% 28% 38% 369

Note that 48 records were identified as angle @ssh highly unlikely
occurrence on a freeway ramp. These angle cragtrestherefore recoded as same
direction sideswipe crashes in the above analysisthermore, one record was identified
as opposite direction sideswipe. However, thisenaar is also not possible on a
freeway ramp. Based on the traveling direction maeeuver type of the involved
vehicles, this record was recoded as same direstitaswipe. Lastly, four records were
identified as head-on crashes and recoded as Sesstah sideswipe. However, it is
noted that in the final analysis, each of individaecident reports should be obtained and
the recoding verified (to the best extent possibg the actual officer comments and
descriptions.

Site A: Control Ramp (from I-85S to I-75N)

Table 6 shows the crash type distribution of thetrm ramp at Site A. The control ramp
has a slightly higher number of crashes than theréenp( i.e., 373 crashes during the
five year period). Of the 373 crashes, 100 reduhiénjury and none resulted in a
fatality. Sixty-one percent of crashes occurredrduwet or snowy road surface
conditions. Thirty-seven percent of crashes oecliduring a non-daylight condition.

Similar to the test ramp, Sections 1 and 2 are datad by rear end and single
vehicle collisions, respectively. More than halftioé crashes on Section 3 of the control
ramp are rear end collisions.

Table 6: Crashes by Type of Collision at the Rampé&gtion from 1-85S to I-75N

Ramp Section Il:l/ltc))ttcf; s/glrlmlif:ll(()en with A Rear End Sideswipe -Cr:(r);zlhes
1 35% 49% 15% 79
2 66% 20% 14% 138
3 19% 59% 22% 156
Grand Total 40% 42% 18% 373

Note that 20 angle crashes and four head-on crashles location were recoded as same

direction sideswipe.
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Site B: Test Ramp (from I-285E to I-75N)

The test ramp at Site B has 39 crashes duringubeyéar period. Of 39 crashes, eight
resulted in injury and none in fatalities. Sixtyet percent of crashes occurred during wet
road surface conditions. Thirty-six percent ofstr@s occurred during a non-daylight
condition (i.e., dark, dawn, and dusk).

Table 7 depicts the crash type distribution & tbcation. Sections 1 and 2 are
dominated by single vehicle collisions. Sectidma3 only one crash during the selected
period and the crash is of the rear end type.

Table 7: Crashes by Type of Collision at the Rampegtion from [-285E to I-75N

Ramp Section Not A Collision With A | Rear End Sideswipe| Total
Motor Vehicle Crashes
1 63% 25% 13% 8
2 43% 23% 33% 30
3 0% 100% 0% 1
Grand Total 46% 26% 28% 39

Note that one angle crash at this location is redab same direction sideswipe.

Site B: Control Ramp (from I-75S to 1-285W)

The control ramp at Site B has 50 crashes duriadite year period. Of the 50 crashes,
six resulted in injury and no fatalities were rdpdr Fifty-two percent of crashes
occurred during wet or snowy road surface condstioRorty-four percent of crashes
occurred during a non-daylight condition (i.e.,ldatawn, and dusk).

Table 8 depicts the crash type distribution & tbcation. Sections 1 and 3 are
dominated by rear end and sideswipe crashes. 08ezis dominated by single vehicle
collision.

Table 8: Crashes by Type of Collision at the Rampegtion from I-75S to 1-285W

Ramp Section Not A Collision With A | Rear End Sideswipe| Total
Motor Vehicle Crashes

1 18% 41% 41% 22

2 52% 29% 19% 21

3 14% 43% 43% 7

Grand Total 32% 36% 32% 50

Note that three angle crashes, two head-on craghdsyne opposite direction crashes at

this location are recoded as same direction sigeswi
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CHAPTER 6. SUMMARY OF FINDINGS

The speed data analysis indicates that the chewaxhenly limited impact on vehicle
speeds. The effect of the chevron treatment oadspas most pronounced immediately
after the chevron implementation, with the impaanimg by the ninth month, with the
magnitude of the impact under 1 to 2 mph over mbsgte vehicle speed percentiles.
The observed changes in the speed distributionseas®nably consistent between the
test sites.

The binned data was limited to a maximum of 20 ;bamsl therefore, limited the
minimum bin size permissible while allowing for @age of the full speed range
experienced at these sites. Given the limitatiobim sizes, the binned data granularity
was insufficient to measure the impact if the cbaunarkings treatment. While the
PVR data experienced higher rates of data lossttiehinned data, sufficient PVR data
was obtained to measure the potential impacts.

To account for sampling differences and potentistrithutional difference
between the data collected over the different {pmeods, a Monte Carlo random
sampling strategy of lead vehicles was adoptedtatysis of the speed differences.
When analyzing the speed entering the controllamgp geometry, it is seen that the
average speed reduction is on the order of 0.5mpl2, with much of this effect related
to increased speeds on the control ramp. In aaliti is noted that there is only a
minimal effect on the speed variance of vehicldermg the controlling ramp geometry.
These finding correspond well to CDF and PDF ansiyscussed earlier. When
considering the potential for speed reductions betwthe detectors it would appear the
chevrons had little or no impact, with the contahps experiencing similar trends as the
treatment ramps. Taken together this would imipé/mean effect of the chevrons is
limited to a 0.5 mph to 2 mph reduction in mearespas the vehicles enter the
controlling ramp geometry.

The crash analysis determined the crash charaaterig each location before the
pavement markings treatment is implemented. Tleéofle” data included a five year
period (2002-2005) of crash data provided by GDOTe analysis showed that the first
and last sections of the ramp are dominated bgerdar end or sideswipe, while the
middle section of the ramp is dominated by thelsinghicle crash type. When the
“after” crash data are available for the study tmoss, it is important to determine the
impact of the markings treatment on the total nundberashes, as well as the changes in
crash type distribution.

In summary, the impact of the chevron treatmergmeed tends to be minimal,
with drivers adjusting back to their previous speas they acclimate to the treatment.
However, this does not necessarily imply that theveon treatment is not a meaningful
safety treatment; it only implies that any safegyéfit is likely not the result of a general
decrease in speeds. It is possible that, givenaifgenature of accidents (rare in the
statistical sense), the chevron treatment may &elp some of the small set of drivers
likely to be in an accident, potentially raising thwareness of the inattentive driver,
reducing the likelihood of an accident occurrendéditionally, it is noted in the incident
analysis that a significant subset of the craskesroed under wet or snowy conditions.
Given the data collection constraints, it was raggible to guarantee before and after
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data during wet conditions. However, it is possilblat the effect of the chevrons could
be different during wet conditions. Prior to aimal judgment on the effectiveness of the
chevron treatment on safety, it is recommend ththtect accident study (as opposed to
utilizing a surrogate such as speed) be condudtedtevo to three years of accident data
may be gathered.
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