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SUMMARY

Work zones are visually and physically complex environments, requiring that
drivers maintain control of their vehicle and comprehend atypical and often
discontinuous traffic control devices to safely navigate appropriate paths. Freeway
divergesrepresent particularly difficult work zones areas. This thesis investigates current
methods of delineating diverges in freeway work zones to determine important
characteristics of these methods for future research

A virtual environment was ewstructed with tworamp geometries: a freeway
continuing straight and one curving left. Still images of work zamethese geometries
were created using drums spaced 10 ft apart, drums spaced 40 ft apart, drums spaced 40 *
2 ft apart, and portable conteebarriers. These alternativegre used to construct
temporary ramps that were either open or closBEuirty-nine participants were asked to
identify whether the ramp was open or closed and their respovesesrecorded to
evaluate the performance edich alternative.

Results indicate the importance of the Gestalt principles of closure, proximity,
and continuity in perception eéémporary exit ramps work zones. These results will be

used to guide future search intonethods of delineating diverges in freeway work zones.

XX



CHAPTER 1

INTRODUCTION

Work zones are visually and physically complex environments, requiring that
drivers maintain control of their vehicland comprehed atypical and often
discontinuoudraffic control devices tgafely navigate appropriate pathghis task is not
trivial; work zones are some of the deadliest parts of our highways,owéh 2% of
annual roadway fatalities occurring in work zor(@&tional Work Zone Information
Clearinghouse, 2012)Efforts must be made to improve work zone safety both through
physical protection and through improving driver comprehension and response.

Freeway diverges represeparticularly difficult work zonesareas Diverges
require that a driver identify that there are two or more valid paths, choose one, and
safely navigate that path, all while travelling at speeds that range from a near stop in
congestion to running speeds of up to 70 mph in free flow donditDriversneed to be
able to quickly understand the conditions around diverges in freeway work zones without
explanation because the time to read and respond to an explanation may not be available.

To successfullydelineae diverges in freeway workanes traffic control device
mustallow for quick comprehension and appropriate response lriatrs The aim of
this research is to identify principles to guide future studies in the development of novel
traffic control devices and configurations fase in work zonesThis objective will be
achieved by creating several virtual work zones and having individuals idd&ifgmp
divergelocation and whether it is open or closed. Analysis of the resulting data will

elucidate keyharacteristicef diverge delineation that affect driver performance.



CHAPTER 2

BACKGROUND

This chapter will provide the foundation fomderstandingthe challenges
associated with théelineation of diverges in freeway work zonékhischapter will first
presentgeneral work zoneharacteristicgSection 2.1)followed by additional focus on
channelizingdevices(2.1.1) portable barrier§2.1.2) anddiverges inwvork zones (2.1.3)
Then the chapter will present literature on divergesnenwork zone areag2.2),
principles of groupingvhich potentially underlie the ability of a driver tapidly and
correctly interpret avork zone(2.3), and work zone construction standdrdsn several

states (2.4).

2.1 Work Zones

Construction zones are visually intense, complex environments that require
drivers to deviate from usual driving behavior to deal with new traffic patterns and
devices to indicate an elevated level of risk. Khattak, Khattak, and Council (2002)
estimate hat there areapproximately24,000 nornjury crashes and 52,000 property
damageonly crashes in work zones annually. The Fatality Analysis Reporting System
statistics for 2010 show that there were at least 576 fata(@#sof total reported
facilities) in work zones in 2010 alone (National Work Zone Safety Clearinghouse,
2012). Several studies have shown specific dangers of work zones to drivers.

Daniel, Dixon, and Jared (2000) found that there was an elevated risk of fatal

incidentsin Geagia work zones. Specifically, they found that even though work zones

2



make up a relatively small amount of overall roadway mileage, they account for more
freeway fatal freeway crashes than in areas without road work. The types of collisions
where fatal cashes occur are also telling: nearly half of all crashes were siehiele
collisions, and 12.1% of collisions were reard collisions, compared with6% single
vehicle andb% rearend collisions imonwork zone fatal crashesMost of the crashes
took place in construction zones that were idle and the type of construction was typically
resurfacing or roadway widening. These conditions suggest that relatively common work
zones that may be perceivesl lzeing lower risk still lead to an unacceptable number of
fatalities. These areas, typically delineated by drums and often having temporary
diverges, could benefit from improved methods of work zigimeation

Work zone intrusions are especially woonge when considering diverges as the
ultimate goal of a exitingdriver at a diverge is tdepart from the current roadway he
decision to diverge from the travelled way is, in effect, the dati® intrude upon the
work zonein the proper location Bryden, Andrew, and Foruniewicz (2000) evaluated
290 intrusions between 1993 and 1998 in New York State. Of these observed intrusions,
10 occurred where drivers were trying to cross the work znne¢é nt er or exi t
or other roadside | ocation. o Whil e this
that it is an issue in work zones and that there is room for improvement in delineation
methods. Further, the study notes that only drteevincidents occurred when the work
zone was separated by a portable concrete barrier, indicating that PCBs could effectively

reduce intrusion events (although damage from impacting them is more severe).



2.1.1 Channelizing Devices in Work Zones

Work zone chanelizing devices are carefully regulated in the Manual on
Uniform Traffic Control Devices and have been largely standardized across the United
States (FHWA, 2009). However, especially with temporary channelizing devices,
researclhwas performed prior to standardization of these devices to see if drivers wholly
understood their meanings in all circumstanceBain, McGee, and Knapfil981)
explain:fiDevices described in Part VI of tianual on Uniform Traffic Control Devices
(MUTCD), have developed simply as an evolvement from other devices, rather than as a
result of scientific testing as to what best stimulates driver awareness of work zone
S i t u a trariostascetbenearly ubiquitoux hannel i zi ng drumébés pat
until 1976(Kulp and Florsheim, 1978 The plastic drum wasleemeda safer alternative
than thefilled metal55-gallon drums previously in uselittle research has been found
prior to this patentexploringhow drivers interpreted these deviceSome research has
been found from féer the patent filing, such as discussion of their visibility
characteristics (Pain et al, 1981)

Modern research into channelizing devideas largely focused on existing
systems. Several studies have looked at how channelizing devices in work zones affect
driver performance, both at exit ramps and through work zones in general. Finley,
Uliman, and Dudek (2001) for instangwestigatechow sequential flashing lights placed
on top of drums aided driver comprehension of a lane closure. They evaluated driver
understanding through a traditional survey after participants drove through the scene,
though others have used simple computer surveys to gauge comprehension. Finley,
Ullman, and Trout (2006) for instance, showed drivers still images of mobile painting

opeitions to evaluate comprehension of sighbey used guestionnairg¢o evaluate the

4



use of AYour Speed/ My Speedod signs on the
that drivers were confused by the two sets of numbers.

Pain et al (1981) performed several experiments looking at driver performance
with regards to channelizing devices in freeway work zofiégy used instrumented
vehicles to measure speed, lane position, identification distance, and other performance
measues at a lane closure on a freeway closed to traffiey ultimately foundhat
channelizing devices are interchangeable, but lights should be used at night to increase
visibility. They also performed a series of tests using a tachistoscope tigdlaatterns
with various orange and white ratios to determine ideal size and pattern of striping on

channelizing devices.

2.1.2 Portable Barriers

Work zone research has also focused on temporary barrier walls and their impact
on work zones. Finley, Theiss, Tout, Miles, and Nelson (201Xompared traditional
drums to plastic barriers (referred to as Longitudinal Channelizing Barricades in their
study). They found that drivers on a test track were less confused at diverges indicated
with LCBs, drivers idetified lane closures when they were used, and drivers preferred
LCBs for delineating open driveways in work zones. This corroborates narrative data
from DOT officials who said that LCBs shou
mor e pat h @fficialsd \amenecneostlp concerned, however with the cost of
temporary barriers. Iragavarapu and Ullman (2012) reinforce this cost issue, finding that
portable barriers are only cost effective on high speed roadways (with operating speeds of

70 mph) with hgh volumes (around 40,000 vehicles ADT foyearlongproject) where



work is happening close to the travel lané¢$owever, prtable barriers are effective at
preventing intrusionas seen irBryden et al (2000) Of the 290 observed intrusion

cdlisions in New York State, only one occurred where portable barrier walls were used.

2.1.3 Diverges in Work Zones

As mentionedefore,Finley et al (2011) compagledrums and portable barriers at
work zones. They used a combination of simulation scenes aseticlourse drives to
gauge driver understanding and recognition of an exit ramp constructed of drums and
LCBs. They found that albarrier alternatives out performed-dium alternatives and
combination alternatives performed intermediately, with barely at the tapers of the
ramps performing best. They spaced drums 20 ft, 60 ft, and 120 ft apart in their
alternatives, and varied between a 120 ft ramp opening and a 240 ft ramp opening.
Interestingly, they found that shortening the drum spacing fidtnft to 60 ft increased
driver confusion and decreased the distance to recognition in the 120 ft opening
condition. In this condition, detection distance varied from 198 ft for 60 ft spaced drums
(2.25 seconds from the ramp at 60 mph) to 364 ft falapte barriers (4.14 seconds from
the ramp at 60 mph). Lengthening the ramp opening from 120 ft to 240 ft increased the
identification distance to 383 ft for the -alium alternative (4.35 seconds from the ramp
at 60 mph) and to 494 ft for the -darrieralternative (5.61 seconds from the ramp at 60

mph).



2.2  Diverges

Others have looked specifically at safety issues that arise around diverges in
general. While work zones add new safety challergéasting noawork zoneissues are
important tounderstand so new treatments do not make safety issues inherent to diverges
more acute.

Wang, Cao, Deng, Lu, and Zhang (2011) evaluated treicited crashes at exit
ramps in an attempt to develop a model for determining safety at diverges. They found
that collisions increased as AADT increased, both for trucks and ovédialy found a
significant improvement on safety from an increase in the length of decmtelaties
and from using ramps without lane drops or with option lanes (in the casé¢ané 2
exits). Lastly, they saw a significant improvement in safety with an increase in shoulder
width. These traits of safer ramps are intuitive but should be taken great
consideration when designing diverges in freeway work zdoesmstancevhere there is
little option for a shouldein a work zone deceleration lengths should be generasis
possible since even in diverge areas without work thierstill an elevated risk of an
incident.

Chen, Zhou, Zhao, and Hsu (2011) looked at left side exit ramps in Florida, and
found that there was an elevated crash risk for these types of #iite Chen et al did
not explorewhy left exits caused an elevated crash ribk, potential exists that left hand
exits could also present increased hazards in work zobesLu, Liu, Chen, and Guo
(2009) evaluateddiverges in Florida investigating how ramp type andramp
charateristicsinfluencedsafety. They found that exits without lane drops had the lowest

crash rates and that free flow loop ramps significantly increased crashTraéee is



value in knowing that different types of ramps cafiuence crash risk, and diverges in
work zonesshould be designedknowing that underlying characteristics of the ramps
themselves could contribute to collisiortshorashadi (1998) found that 15% of incidents
in the State of California between 1992 and 1994 occurred on ra#madyzing those
incidents, he found thaamp AADT, freeway AADT, whether the ramp was urban/rural,
the type (on/off), the configuration, the length of the speed change lanes, and the ramp
length to be significantOf note were that offamps had more collisions and more severe
(injury and fataliy) incidents than-ramps.

McCartt, Northrup, and Retting (2004) examined 1,150 crashes at ramps and found
that about half of crashes happened when drivers were exiting the fre&heay.found
that congestion and speed were contributing factordl wash types, howeverSpeed
was mostly a factor in ruoff-theroad crashes and congestion was a strong factor in
rearend collisions. Given that work zones can often cause congestion and work zones
may be designed for a lower speed than drivers seel to traveling, these types of

incidents should be kept in mind when designing diverges in work zones.

23  Principle of Grouping

In work zones, it is often physically difficult or very costly to use a single object
to indicate the perimeter of a wozkne. Since it would be difficult to put something like
a chain link fence up in an active travel way, most jurisdictions depend on separate
channelizing devices to fisimul at eoThese si ngl
point devices, e.gorange and white retroreflective channeliziigims depend on the

Gestalt principles of grouping for drivers to take the individual drums, panels, or other



channelizing devices and mentadlgsociate them with a grougohnson (2010) explains
the six noAmoving Gestalt principles of Proximity, Similarity, Continuity, Closure,
Symmetry, and Figure/Ground, demonstrateBigurel.

Proximity indicates to individuals that separate objects guoeiped because of
how close they are to each other. Similarity indicates that separate objegtsigred
because they appear to be in some way the same. Continuggt@sdgrouping through
a linear pattern common to all objects in the group. Closure makes overlapping objects
appear to be grouped together and also allows separate objects appear to construct a
single object. Symmetry helps group wireframe objectsdtetlap, and figure/ground
helps individuals group objects together based on a common background.

Proximity Similarity Continuity

Figure 1. Gestalt Principles of Grouping (Groups Shown with Dotted Lines)



Work zone traffic controdepends on these grouping principtesmaintain the
appearance of a single closed area through 4pais¢d channelizing devicesSeveral
problems arise with this system, however. Differentestavith different standards
illustrate how there is no consensus on an appropriate level of proximity. Contiaity
be degradeddue to variability in device placement or natural shifting from wind or
traffic. Drums or cones appear closed when at amtst because they overlap in a
d r i vframebo$ view but as the driver approaches these devitesclosure is lost,
shifting the burden of grouping to the other three Gestalt principles. Unique to diverges,
similarity creates a problem because theest@o appropriate and safe traveled ways (the
main road and the ramp) that are both indicated with the same devices, making it difficult
to identify that there are actually two groups of channelizing devices.

The effect these principles have on perceptt@am significantly affect how an
individual responds to stimuli in the worldn a series of five experiments, Coren and
Girgus (1980) found that when some objects were grouped through Gestalt principles, the
distances between objects in the group waseperd to be smaller than the distance
between objects outside the groupings, even, though the distances were idéhigal.
could have profound impacts on work zone design if perceived distances vary from actual
distances in a way that negatively impastdety. O6 Shaughnessy and Ka\)
further investigated these concepts by including the time an individual is shown the tested
scene. They found that both proximity and time had an effect on how individuals
accurately assessed distances, with imgdoaccuracy with shorter times and improved

accuracy with smaller distance$hey did not find the same effects with similarity and

1C



closure, however, indicating that while the Gestalt principles are a good heuristic, they
cannot be appl itesting B sstill fdcessary do peediad perceptual

performance.

2.4  AgencyStandards

There are several states that specify standards for diverges in freeway work zones,
including Michigan, California, and North Carolina. Other states, including Florida, have
specifications that imply appropriate spacibyg being more conservativthan the
FHWA G s Musih@@ums that are spaced closer together and spacings that are less
dependent on speed

The Manual on Uniform Traffic Control Devices (FHWA, 20@8)ers guidance
regarding work in the vicinity of freeway interchanges, but does mbide standards
specific to exit ramps. The guidance in section 6G.17 (Interchanges) states:

Access to interchange ramps on limisctess highways should be

maintained even if the work space is in the lane adjacent to the ramps.

Access to exit ramps sHdube clearly marked and delineated with

channelizing devices. For lorfigrm projects, conflicting pavement

markings should be removed and new ones placed. Early coordination

with officials having jurisdiction over the affected cross streets and
providingemergency services should occur before ramp closings.

The MUTCD also includes a typical application ¥faork near an exit ramf~igure2).
This typical applications dependent on speed to determine tapers and does not specify
any special spacing of channelizing devices. The MUE@ies that for tapers and
tangent sections in general channelizing devices should be spaced at the speed limit in

feet and twice the spd limit in feet, respectively. For example, for a speed limit of 50

11



mph, channelizing devices would be spaced 50 feet apart in tapered sections and 100 feet

apart in tangent sections.

Figure 6H-42. Work in the Vicinity of an Exit Ramp (TA-42)

edge line

100 ft

1,000 ft

Temporary white Z
edge lines

®-

<

Mote: See Tables 6H-2 and
6H-3 for the meaning
of the symbols and'or
letter codas wsed in
this figure.

Typical Application 42

Figure 2. MUTCD Typical Application 6H -42 (FHWA, 2009)
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Michigan (2008) has very extensive standard drawings specifying temporary
traffic control in many situations While their specifications do not include minor
diverges at service interchanges, they do specify temporary traffic control for maj
diverges at system interchang@sgure 3). Specificationsfor this condition call for
channelizing device spacing of a minimum of 45 feet in tapers and 90rféanhgent
sections Michiganb s s t manydremtheé MUTCDO s t ypi cal applicati
guidance, not a standardy not specifying a minimum ramp opening length, but
specifying that the diverge lane must be 15 ft widile taper in this section is specified
as a minimum of 1/2 L (L = speed limit * lane shift), which is half of what the MUTCD

suggestsAportion of Michigano®é&iguseBandard (not t
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Figure 3. Portion of Michigan Diverge Standard Highlighting Ramp Area (MDOT, 2008)

Unlike Michigan, California does specify channelizing device spacing at minor

diverges and alongt andard | ane c¢cl osur es. Californi

spacing between devices along tangent sections of a freeway lane closure and 50 ft
maximum spacing in the vicinity of the raniieigure4). Although thedrawings appear

to show the50 ft spacing beginning 120 ft before the taper and extending 200 ft after the
taper, the drawing is listed as not to scale and notes do not expressly call dhstaihee
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to start the tapefSee ) California does expressly call out that every 2000 ft along the
tangent section of a lane closure, 3 drums should be placed perpendicular to the travel

way, presumably to reinforce that the lanes are closed.

COMES 507 Mdx SPACING
WEDIAN SHOLULDER
—
T — -.‘.IF‘TIDHAL Ta.PEn -~ |
—_ 4 7 _ '_‘l||_ | —
— 9 0 — &% 0 a— —
b . L] ﬁ’
SHOULDER ¥ e — —
Min L/2 I,?‘“-h-._ ._{_.[._ f:}”
SEE TABLE T | “"-'“-i.;_
(o] : f -
eI 7 | G
- GEo-2
SEE KOTE 2
GBA (Cal
A A X A

Figure 4. Portion of California Diverge Standard Highlighting Ramp Area(Caltrans, 2006)

North Carolinabts (2006) standard dr awi
channelizing devicest a diverge of any specificationreviewed (Figure 5). North
Carolinads standards call for 10 ft spacin
to 100 ft afterthe diverge In the tangent sections, spacingibwed at two times the
speed limit in feet, which for a 60 mph road would be further apart than California,

Mi chi gan, or F Nath Caloina spectigs a midigmumdos 200 ft for the
length of the ramp openinglhe taper length and typeries based on the location of the
work zone relative to the ramp opening, but a minimum of 120 ft for a taper is specified
if work is downstream of the ramp and, like Michigan, 1/2 L if the work is upstream of

the ramp.
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2-CONSIDER CLOSING RAMP IF LESS THAN 14 ORIGINAL
LENGTH CAN NOT BE OBTAINED.

® DRUM
K PORTABLE SIGN
‘ DIRECTION OF TRAFFIG FLOW

1-USE THE ABOVE DETAILS IN CONJUNCTLON WITH A RIGHT LANE CLOSURE AS
SHOWN ON STD. 1101.02 SHEET 3.

2-MOQUNT EXIT SIGNS A MINIMUM OF 7 FEET ABOVE THE PAVEMENT ELEVATION.

Figure 5. North Carolina Standard for Work Near Exit Ramps (NCDOT, 2006)

New York State (2009) does not differentiate between tapers and tangents with
their specifications for work zones, instead stating that channelizing devices shall not
exceed 40 ft centdo center throughout an active work zqRégure6). New York also
mandates taper lengths of L feet, compared with the 1/2 L of Michigan and North
Carolina. Unlike California, North Carolina, New York, and Michigan, Florida does not
specifyspecific constraints for diverges, but does require that for speeds of 50 mph to 70
mph (typical within freeways), channelizing devices should be placed no more than 50 ft
apart in tapers and no more than 100 ft apart in tangents.

While the preceding disission does not cover the temporary traffic control plans

of all states it does illustrate the varied work zone requirements from state to state, largely

16



due to the open ended requirements of the MUTCD. There are few standards pertaining
to work zones iran exit ramp area, and typicapplication 6H42, which is offered as

guidance, is not physically possible at higher speeds, as demonstrated in Chapter 3.
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CHAPTER 3

METHODOLOGY

The method for performing this study can logevided into two phases:
environment development and alternative testing. Careful consideraismadeto
constructan appropriate virtual environment that v&asficiently realistic and of a high
enough quality thatt would represent the envinment such that participant behavior
would besimilarin a field study.

In this experiment, g@rticipants were shownimages created from this
environment Each image contained a diverge area, either with a work zone
configuration or a base case without a work zoRarticipants werasked tandicate if
the ramp was open or closed and, if opendémtify the locatiorof the ramp entrance
Multiple alternative traffic control treatments were considered (e.g. drums at different
spacings, barriers, etc.) to allow for an exploration of differences in responses indicating
participans éomprehension.The following text presents the method for designing the
environment and implementing the experiment. Within environment design, specific
focus is placed on roadway desiguirtual environment preparation, alternative
generationand rendering. This chigp also focuses on tlgesign, instructions, and the

implementation of the experiment itself.

3.1  Environment Development

Several steps went into constructing an appropriate series of environments for the

experiment. These were the propéelesgn of a test trackthe preparation of the virtual
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environment byinvisible constructionlines to guide channelizing devigesetting up

appropriate textures and lighting, ahe rendering of the finamages

3.1.1 Roadway Design

To gather transferable results, the roadway needed to be designed according to
typical standards seen by local drivers. Specifications for-sexsson come from State
of Georgia (2011) standards, with the exception of the shoulder widths, which replaced
the 12foot outside paved shoulder and-fb@t paved inside shoulder standards with 10
foot outside paved shoulder andobt paved inside shoulders, to more closely match
current roadways Excepting that, the amdards were followed to construction -4ade
divided highway with a 70 mph design speed and -fo6¢% median at a cross slope of
6:1. The basic lanes had a crgfgpe of 2% with an inside shoulder cross slope2®
and an outside shoulder cresdepe of 6%. Outside daylighting extended from the
outside shoulder edgef-pavement to the roadway over a course of 18 feet at a 4:1 grade.

Curve radii were taken from AASHTO standards for a four lane divided roadway
with a superelevation rate (e) of 8%. &ivthe 70 mph design speed, a curve radius of
1810 feet was used on the mainline freeway. To eliminate potential secondary visual
cues that could indicate where ramps were located, the grades of the freeway and the
ramps were all flat, such that all roa@ysections were at the same elevation.

A short track was built using Autodesk Civil 3D of the mainline freeway and two
exit ramps, each extending from the same carriageway. At one ramp, the freeway curves
left while the exit ramp continues straight asapertype ramp, extending the tangent

section of the freewafFigure7). Such ramps are relatively common, especially where a
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freeway has been built in phases or near bypass routes in smaller cities. At the second
ramp, the freewacontinued straight and the ramp used a parallel deceleration lane of the
length specified in AASHTO standards for a reduction from a 70 mph design speed to a
50 mph design sped#igure8).

The roadway design was then exported into Autodesk 3ds Max for processing and
rendering From here, striping was added to comply with MUTCD and Georgia

Standards for freeway striping. From this point, the environment was prepatieat so

channelizing devices could be added and photos rendered.

Figure 7. Curved Geometry
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Figure 8. Straight Geometry

3.1.2 Virtual Environment Preparation

In preparation for adding the alternatives, textures lagiding were added to
improve the visual quality of the scene. Of particular interest was the altetisiuse
only low-grass vegetation in both the median and on the roadside. Wailg rural
freeways in Georgia have tree cover outside of the right of way, the combination of the
trees with a natural sky/sun system cast shadows on the roadwegtlthhave acted as
a compounding factor affecting performancEliminating high vegetatiorallowed the
study to focus on the traffic control treatmewighout sacrificing the believability of the
scene.

Once textures and lighting weradded to the scen temporary invisible
construction lineglines used to help with object placement that are not rendered in the

final images)that correspond to the paths of channelizing devices wdded An
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invisible constructionine setthreefeet into the inside line and 3 feet high served as the
guide for the rendering camera. The temporary traffic contmestructiorlines were set

up to simulate a single lane closure of the outside lane, with channelizing devices placed
onefoot from the edge of the lane dividing skip lines. Both temporary exit ramps were
designed as 4 degree tajgpre ramps using a design speed of 60 mph.

It is important to note here that the temporary ramp guide lines do not comply
with the MdiTapdhoaton for yogad work in the vicinity of an exit ramp
(Figure 6H42) because this typical application would create an unusable environment.
Specifically, using the specified 100 ft gap between barrels and an L of 720 ft would
yield an angle of 0848 degrees. The end result would be a lane width of 1.67afeet
physical impossibility. Because this typical application was unable to capture the
scenari o being tested, the temporary traff
Policy on Geometri®esign of Highways and Street&igure9 illustrates the resulting

lane width when MUTCD standards were used.

| L =60 *12
100 @ L = 720"

Figure 9. Demonstration of Issues with MUTCD Standards at 60 mph
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3.1.3 Alternatives

Five alternatives wermcludedin this experimentl) orange and white drums 10
feet apar{Figure10 andFigurel1l), 2) drums 40 feet apafFigure12 andFigurel3), 3)
drums 40 feet apart 2 feet on the roadwagFigure 14 and Figure 15), 4) portable
concrete barrier wall§~igurel6 andFigurel?7),5)and a fAno w@igked8 condi
andFigure19). Drumspaing 10 feet apart is the standard used by the North Carolina
Department of Transportation. Drums 40 feet apart was observed to be in practice in the
State of Georgia, and straightforvardin practice to set ups theskip linesmay be used
for guides in drum placement (skip linaee 10 feet long with 30 feet between, so one
drum per skip measures to be 40 foot spacifig).explorethe effects of imperfect drum
placement the 40 ft spacing alternative was a&lsnsideredwith 2 feet of randomly
generatedirum placement (plus or minus 2 &jror both parallel to and perpioular to
the travelled way.Finally, while currently limitedin temporaryuseconcrete barrierare
included as theyare used in practice for work zongsarticularly for longer duration
projects. For comparison, the fANo Worko,condit
i.e.there was no evidence of roadwork in the scene.

For each of the four channelizing device altakest, two environments were
constructed: one where the exits on the track were both closed and one where the exits on
the track were both open. In the drum alternatives, drums were spaced 120 feet apart
(twice thework zonespeed limit replacingmph with feet, per the MUTCD) until 100
feet prior to the start of ramp taper, where the tighter spacing began and was extended
100 feet after the temporary gore. For consistency, when the ramp was closed,
channelizing spacing was the same as whemas epen, except that the devices extended

through what would the ramp opening and the devices showing the exit path were
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removed. Where portable concrete barriers were used, they followed the guide lines
described in 3.1.2 and extended the length ofekettack. For the no work condition,
only a set of open ramps were developed.

MUTCD requirements for work zone signagesre not implemented in this
experiment In order to focuparti ci pantsé attention on t|
devices and patterns, all signs were removed from all alternatives. Permanent signs
typically left uncovered were removed along with portable signs what would inform

drivers where an exit is or wihnar it was temporarily closed.

EXIT CLOSED

Figure 10. Curved Geometry with 10 ft Spaced Drums
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EXIT CLOSED

Figure 11. Straight Geometry with 10 ft Spaced Drums

EXIT CLOSED

Figure 12. Curved Geometry with 40 ft Spaced Drums
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EXIT CLOSED

Figure 13. Straight Geometry with 40 ft Spaced Drums

EXIT CLOSED

Figure 14. Curved Geometry with 40+ 2 ft Spaced Drums
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EXIT CLOSED

Figure 15. . Straight Geometry with 40 + 2 ft Spaced Drums

EXIT CLOSED

Figure 16. Curved Geometry with Portable ConcreteBarriers
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