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Abstract

It has been well documented that roundaboutffan severakafety and opational
benefitsover signalized and stop controlled intersection alternativesever the growing use
of roundaboutsindtheir benefitxouldbe greatly diminished because they maybewell
designed for large trucks, oracacommodate oversize/overgbt (OSOW)vehicleswhich may
be essential to a stateods addressesconcetsbetted econom
design roundabouts for use by owners/operators of typical large trucks, and that will also
accommodate OSOW vehicles where appaipriRoundabout safety generally decreases with
increased roundabout size, wider lanes and larger radii, the geometric parameters that benefit
large trucks and OSOW, thus a better balance is needed.

This study accompligsthis balance by initiallyeviewing and incorporating those
portions of the studif Accommodati ng Oversize Ovethawvei ght Ve
were researched, completed and written by the author of this dissertation, andammicled
current practiceresearchand concernby vaious U.S statesand concerns of the trucking
industry,by conducting four different surveyd hen to meet these concerns expressed by survey
respondents, a great number of possible accommodation, strategies and design templates were
developedy usingexisting design softwareAn evaluation method was also developed.

Two additional, needed studies, not previously reported in any published literature,
addressed : 1.\&rtical groundclearance analysiand 2. a study ahe use of roundabouits
urban freight networkgo incorporate their inherent benefigsich as,redueng congestion,
delayand pollution.

Thefirst analysis described abowsasconducted by using software with 3D analysis
capabilities to check and recommend critical verticatlgs and maximum dimensions for a
range of large truckypesand OSOWehicleconfigurations Guidelines were developed to
avoid problems of low, ground clearance vehicles scrapingrbuadat sur f aces (Ahar

The second study userligting software that relates intersection types to intersection
traffic flow efficiency and related pollutigmn a number of routing scenarios to test the
hypothesis that integration of roundabouts in these freight networks insgrafie flow, and
decreasedelay,congestion and pollutio.he results were mixed but the procedure is sound and

should be beneficial for future use by researchers and decision makers.
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Chapter 1 - Introduction, Problem Statement, and Study

Objectives

Roundabouts can offer several advantages over signalized and stop controlled
intersection alternatives, including better overall sgperformance, greatly reduced intersection
injury crashes and fatalities, lower delays, shorter queues, better management of speed and
opportunties for community enhancemgd)). The safety and traffic operational benefits of
roundabouts for the typicakhicle fleet (automobiles. and small trucks) have been well
documented and are presented in Chapter 2. Although roundabouts have been in widespread use
in other countries for many yeatkeir general use in the United Stafg$) began only in the
recert past (1990 is generally accepted as the year therfadern oundabouts were built in the
US), but their use is growing at an ever increasing (tdn some cases roundabouts can avoid
or delay the need for expensive widening of an intersectiomagipithat would be necessary for
signalization.

However the growing potential use of roundabouts with all their berefiis be greatly
diminished because they may not be well designed for large trutka@ommodate
oversize/overweight vehicleBor exampledue to complaints from truckers, legislation was
introduced in the state legislature in Oregon restricting roundabouts, leading to the Oregon
Department off ransportatiorto impose a moratorium on designing and building roundabouts in
the statg?2).

Figurel.1shows some pictures of oversize/overweight vehidles.design vehicle for a
roundabout, as in any design, should be the largest vehicle that can reasonably be anticipated for
normal use. Better guidelines for determining where and whatleedize should be designed
are neededarticularly on routes used by large truckdso, Oversize Overweight vehicles
(OSOW) are vehicles that use the roadway by special permit and travel on a random basis. They
may be essent i al ddcanony bus mag needpecial desigmsot r y an
accommodations at roundabouts on designated routes. Their physical characteristics and turning
requirements, which may be unique to certain types of loasdslly exceethe dimensions
given for standard, recommed e d desi gn vehi APolicy ontGeometieme nd e d
Design of Highways and Stregts c ommonl y known alebddkiohe Gr een

standards followed by all staté®. There is also a question of policy regarding which
1



roundabouts in a state me® accommodate what type of OSOW, leading to a need for planning

designated networks.

Figure 1.1: Pictures of Oversize/Overweight Vehicles

Source: Dr. Eugene Russell photo colleciién



In theUS, trudcks carry a share of 60 percent of freight volume and 67 percent of freight
value according to the Office of Freight Management and Operations (H&kMheFreight
Analysis Framework (FAHb). It is also estimated by the HOFM's Freight AnalySimmewok
(FAF), that the freight tonnage will increase by 48 percent between 2002 andraf3tows
truck Vehicle Miles Travelled (VMT) growing faster than the automobile VMT. This projected
increase in freight truck tonnageithout increased capacity and og@a changeswill amount
to an increase in congestion. Congestion increases travetidoests, and leads to a less
reliable pickup and delivery time for truck operators. This congestion increases the cost of
transportationwhich over time is passedbag to customerss well as having negative impacts
on urban areas and their environmestgh as increased pollutidhis estimated by FHWA that
increase in travel time costs shippers and carriers an additional $25 to $200 per hour depending
on the poduct. Pollution can decrease an areas quality ofg)fe

An FHWA report Traffic Congestion and Reliabilityirends and Advanced Strategies
for Congestion Mitigatior{6), has estimated about 40 percent of traffic congestion in general, as
opposed tdreight congestion specifically, is caused by bottlenecks, resulting irastbgo
traffic flow and long backups. Bottlenecks on highways that serve high volumes of trucks are
Afrei ght (B.Atrecdntestndy cokdsicted by FHWAR Initial Assessent of Freight
Bottlenecks on Highwayg) have shown that freight bottlenecks cause upwards of 243 million
truck hours of delay and the direct user dash this delay is about $7.8 billion per year. It is
also observed that highway interchange bottlea@ccounted for more than 50 percenhef
delay, or about 124 million hours of deldy). Simultaneously, signalized, arterial intersections
account for a total of 18 percent of the delayabout 43 million hours of delafor different
freight routescomprigedof urban freight corridors, intercity freight corridors, triadcess routes
andintermodal connecto(g).

There are also air pollution concerns from heavy congestion in urban areas. According to
the2009Freight Fact and Figures Office d Freight Management and Operations Ref8)t
dieselfueled heavy trucks emit small amounts of carbon monoxide (CO) but large amounts of
nitrogenoxides (NQ) when compared to gasolifigeled cars affecting the air quality. Freight
transportation contoutes 27 percent of the total N@®missions and orhird of emissions of
particulate matter 10 microns in diameter D) from mobile sources e US Among
various modes of transportationthre freight sectorlike heavyduty trucks, freight rail,
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commercial marine, and air freight, heagwty truckscontributea two-thirds share of the NO
emissions from the freight sect@).

Apart from the above emissions, the transportation sector releases large quantities of
greenhouse gases (GHGs) such asaradioxide (CQ), methane, nitrous oxide, and hydro
fluorocarbons and these gases trap heat i n th
(8). Therefore, the increase in the congestion of the trucks at urban intersections can affect the
quality of air by emissions which can be mitigated by better traffic flow techniques such as less
delay at urban intersectio(®).

The above challenges clearly show that there is a need for improving traffic flow at
interchanges, intersections and othemgprtation facilities to better accommodate vehicles and
trucks with less congestipthusdecreasing the overall delay time and saving many dollars.

TheNational Cooperative Highway Research Prograli@HRP) report,Synthesis 320
Integrating Freight Fadities and Operations with Community Godls studied the issues and
concerns of the growing amount of freight traffic during freight operati@ndt has been
concluded that balancing freight transportation facilities and operations with commungy goal
can be complex and there is "no one size fits all" solukionvever the report concludes that
solutionshave to be developed through a common understanding of issues, working together to

craft the solutions, and continuously checking to see if theigoltemains effectivé9).

1.1 Problem Statement

Most US roundabouts are intentionally designed to operate at slow speeds by using
narrow curb to curb widths and relatively tight turning radii. However, if the design geometrics
are toorestrictive, roundaout use byYDSOW vehicles, and in some cases even typical, large
trucks,commonly called tractetrailers, fisemi® or il8-wheelers may be difficult or even
impossible. In some cases in the US this has led to opposition to roundabouts by the trucking
industry and to the possibility of lobbying their state legislatures for laws detrimental to
roundabout useasoccurred inOregon(2). There is a pressing need to address and mitigate their
concerns in order to not diminish the growth of roundabouts andhteusafety and operational
benefits to other vehicles and the general traveling public. Therefore, the central issue is how to
design roundabouts that are not difficult to use by typical large trucks and also accommodate

OSOW vehicles where approprialéhey need to be accommodataddesignated routes,
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networks or certain areas where their transport is necessary, without sacrificing the safety and
operational efficiency of the roundabspwhich generally decreases with increased roundabout
size, wider &nes and longer radii. Thus there are safety, cost and other benefits in keeping
roundabouts small but still capable of being acceptable to truckers and able to accommodate
OSOW vehicles as appropriatetheir essential travel. OSOW are generally eabiaround
roadway restrictions such as certain bridges, narrow roadways, etc.; however, with the
popularity of roundabouts and the benefits they provide, such routing could become more
difficult and could potentially lead to reduced or prohibited roundabse if OSOW cannot be
accommodated.

With the rapid increase in construction of roundabouts in and around urban areas in the
US there are many instances where these roundabouts impact freigimemroutes
Roundabouts ithe US have proven to haveany advantaged). Among the many advantages
roundabouts have is less delay and decreased congestion which should help freight flows,
thereby saving many dollars while reducing delay and negative environmental isysces
air pollution. Roundabouts,saa part of freight networkshould be able to better handle the
increasing freight demand, and reduce congestion and negative environmental issues and
concerns in and around urban communities.

There have been mublishedstudies in the area of optinmig the use of nendabouts to
incorporate theimherent benefits into freight netwato better serve truckingndcommunity
needsi.e. reduing congestion, delay, pollution and other negative impacts while

accommodating increased freight demand.



1.2 Study Objectives

The objectives of the study inclutie

1.

Compile current practice and research by various US states related to the effects that
OSOW have on roundabout location, design, and accommodation. This will be achieved
by participating in develping, and theranalyzingsurveysto 50 US State agencieand
OSOW haulersgzoncurrently conducted fohes t u Alcgomfnodating
Oversize/Overweight Vehicles at Roundabo(2s

Investigatestrategies, recommendations and guideltodsuild statewide fraght

networks forlarge trucls andnecessary OSOW nee@sd recommend state policy.

Build designs for typical roundabout intersecttgpesto accommodate all reported types
of large trucks andepresentativ®SOW configurations/combinations whiokay ned

to be accommodated

Perform3-D vehiclesimulationsand develop guidelines farverticalgroundclearance
analysis, by adaptingB swept path analyssoftware and recommeimgy maximum

vertical dimension$or roundabout geometric features

Investigae integrating the greater use of roundabouts in freight networks in and around
urban areas to optimize goods movement wihglereasingir pollution due to trucki

and around the communities.



Chapter 2 - Literature Review

2.1 Origin of Roundabouts

Use oftraffic circles inthe US started from 1905 when William Phelps Eno designed the
Columbus Circle in New York Cit{l). These trafficirclesgavepriority to entering vehicles
leading to high speed entries. However, due to high crash experience andicorngdise
circles, they became out of favortime US afterthe mid-1950s(1).

The United Kingdom developed the concept of modern roundabouts to address the
problems with traffic circles by adapting a rule that for all circular intersections, thengnteri
traffic should give the way, yield, to the circulating traffic. It was observed that these changes
improved theoperational andafety characteristics of the circular intersections aneifier,
many countrieshen adaped what can be now refemldo as anodernroundabout as a
common intersection form. FiguBel shows the key characteristics of a typical roundabout and
Table2.1 describes the key roundabout featyBs
Figure 2.1: Key Roundabaut Characteristics
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Source:Roundabouts: An Informational Guide, Second Editin (



Table 2.1: Key Roundabout Features

Feature

Description

Central island

The central island is the raised area in thearewita roundabout around which traffic
circulates. The central island does not necessarily need to be circular in shape. In the

mini-roundabouts the central island is traversable.

Splitter island

A splitter island is a raised or painted area em@pproach used to separate entering from
exiting traffic, deflect and slow entering traffic, and allow pedestrians to cross the road
two stages. Circulatory roadway The circulatory roadway is the curved path used by v
to travel in a counterclogkise fashion around the central island.

Circulatory The circulatory roadway is the curved path used tyoles to travel in @ounterclockwise
Roadway fashion around the central island.
Apron An apron is the traversable portion of the central islandcadit to the circulatory roadway

that may be needed to accommodate the wheel tracking of large vehicles. An apron ig

sometimes provided on the outside of the circulatory roadway.

Entrance line

The entrance line marks the point of entry into the circwatoadway. This line is
physically an extension of the circulatory roadway edge line but functions as a yield-or
way line in the absence of a separate yield line. Entering vehicles must yield to any

circulating traffic coming from the left before csisg this line into the circulatory roadwa

Accessible
pedestrian

crossings

For roundabouts designed with pedestrian pathways, the crossing location is typic
back from the entrance line, and the splitter island is typically cut to allow pedss
wheelchairs, strollers, and bicycles to pass through. The pedestrian crossings 1
accessible with detectable warnings and appropriate slopes in accordance with

requirements.

Landscape strip

Landscape strips separate vehicular and pedestaiffic ind assist with guiding pedestria
to the designated crossing locations. This feature is particularly important adiadimy
cue for individuals who are visually impaired. Landscape strips can also significantly
improve the aesthetics of theénsection.

Source:Roundabouts: An Informational Guide, Second Editin (



2.2 Roundabout Categories
Roundabouts can be categorized into three basic types based on the size and number of

lanes(1). They araliscussed below.

2.2.1Mini Roundabouts

Theseare small roundabouts with fully traversable center isleochmonly used in low
speed urban environments with an average operating speed of 30 mphroElespe(1). A
fully traversable center island helps in better accommodating larger vehialesirat
roundabout and therefore they are mostly recemaed when a traditional singlene
roundabout has insufficient right of way to accommodate the design vehicle. However, the mini
roundabout is designed in such a way that the passenggeoarsllydo not traverse over the
center island1). To date, their use has not caught on in the US.

Figure 2.2: Features of Typical Mini-Roundabout
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Source: Roundabouts: An Informational Guide, Second Editin (

2.2.2Single- lane Roundabout
Thistypeof roundabout h&a singlelane entry for all the legs and one circulating lane
Their geometric design typically includes features sucarased splitter island, a nen

traversable center island, crosswalks atdick apron(1). They generally have larger inscribed



circle diameter when compared to minundabouts. However, the size of the roundabout is
largely influenced by the design vehicle and right of way constrédints
Figure2.3 shows the featured a typical singldane roundabout

Figure 2.3: Features of Typical SingleL ane Roundabout
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Source:Roundabouts: An Informational Guide, Second Editihn (

2.2.3Multilane Roundabouts

This typeof roundabout &s at least one entry with two or more lanes and in some cases
they might have different number of lanes on one or more approdg¢h€se geometric design
typically includesaraisa splitter islandsatruck apron, a notraversable center island, and
appropriate entry path deflection. Thagpesof roundabouthiavewider circulatory roadways,
so that more than one vehicle can travel side by side. The speed of the vehicles at,the entry
the circulatory roadwayand at the exitare generally similaor may be slightly higher than the
singlelane roundaboutd).

Figure2.4 shows the features of a typical thane roundabout and Figu2eb shows the
features of a threlane roundabouflable2.2 shows the summary of design and operational

elements foeach of these three roundabout categories.
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Figure 2.4. Features of TweL ane Roundabout
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Figure 2.5: Features of ThreeLane Roundabout

Mumber of circulatory
roadway lanes based
upon approach

lane conflguratlons

Truck apron
(If required)

e i

\
'— Ralsed splitter

Landscape buffer island

- T_F 4
Y\ 1 r
W v

S \ s A
N ! "'.I i "
“\:u I'l. ”I .f.];“ :

Non-mountable
central island

Three entry lanes
on one or more
approaches

Source: Roundabouts: An Informational Guide, Second Editin (

11



Table 2.2: DesignCharacteristics of threeRoundabout Categories

Single-Lane Multilane

Design Element Mini-Roundabout Roundabout Roundabout
Desirable maximum entry 15 to 20 mph 20 to 25 mph 25 to 30 mph
design speed (25 to 30 km/h) (30 to 40 km/h) (40 to 50 km/h)
Maximum number of
entering lanes per 1 1 2+
approach
Typical inscribed circle 45 to 90 ft 90 to 180 ft 150 to 300 ft
diameter (13to 27 m) (27 to 55 m) (46 to 91 m)
Central island treatment Raised (may have Raised (may have

Fully traversable traversable apron) traversable apron)

Typical daily service
volumes on 4-leg

roundabout below which Up to Up to approximatel a rLoJEir:’?atel
may be expected to approximately P E%DDDD Y 45 0%% for Mo-lgne
operate without requiring a 15,000 ! ! roundabout
detailed capacity analysis

(veh/day)”

*Operational analysis needed to verify upper limit for specific applications or for roundabouts with
more than two lanes or four legs.

Source: Roundabouts: An Informatnal Guide, Second Editiod)(

2.3 Advantages of Roundabouts

2.3.1Safety Features

NCHRPReport 572 Roundabouts ithe United Statesonducted a beforafter safety
study by considering 55 locations that used to have different previous intersectioemtsa
such as twawvay stop, all way stop, or signal control and are changed to a roundabout treatment
(20). On a wholeit was observed that there was a 35% reduction in total crashes and 76%
reduction in injury crashes by convertitigg intersection treanent(signalizedall-way stop,or
two-way stop) to aroundabout10).

Table2.3 shows the percentage crash reduction obtained for both total and injury
accidentscategorizedy intersection control, type of setting and number of |§h6s Table2.4
presents a comparison of mean crash reduction for various countries which shows that
roundabouts are safthan comparable intersection alternatiyBs It was observed that
converting intersections with signals and tway stop control to roundabout hasguced
significant safety benefiteind especially for injury accidents().

Roundabouts generally operate with lower deléass stopping and less idlinghen

compared to other intersection forms when operating within their cajacity). Therefoe,
12



with the reduction of vehicle delay®undabouts can provide environmental benefits. Though
theremay beheavy volumes of vehicles, they continue to move slaoatlyerthan completely
stopping and thereforgnoise and air quality impactse reducedl). Mandavilli et al. have
studied the impact of modern roundabouts in decreasing the vehicular emagfemsites in
Kansas where modern roundaboull replaced a stop controlled intersect{@f). Analyzing

four measures of effectiveness, i@missions of HC, CO, NOx, and G@troundabouts vs
other intersection controit was found that the modern roundabout performed better than the
stop controlled intersectisr{12). A 38%-45%decrease in CO emissions (in Kg/hr) was
observed with the instatian of a roundabout for AM and PM periods. A 58%% decrease in
CO; emissions (in Kg/hr) was observed with the installation of a roundabout for AM and PM
periods. A 44%51% decrease in N@missions (in Kg/hr) was observed with the installation of
a rourdabout for AM and PM periods. A 6268% decrease in HC emissions (in Kg/hr) was
observed with the installation of a roundabout for AM and PM periti@)s (

Table 2.3: Crash Reduction by Implementing aRoundabou

Estimate of the Percent
Reduction in Crashes
{and Standard Error)

Control All Injury +
Before Sites Setting Lanes Fatal
All Sites 55 All All 35.4% (3.4) 75.8% (3.2)
9 All All 47.8% (4.9) 77.7% (6.0)
Signalized 4 Suburban 2 B6.7% (4.4) Sample too
small
fo analyze
5 Urban All Effects 60.1% (11.8)
insignificant
Allway 10 All All Effects Eifects
stop insignificant insignificant
36 All All 44.2% (3.8) 81.8% (3.2)
9 Rural 1 71.5% (4.0} 87.3% (3.4)
17 All 20.0% (9.0) 81.2% (7.9)
12 Urban 1 39.8% (10.1) 80.3% (10.0)
Two-way 5 2 Sample too small Sample too
stop to analyze small
to analyze
10 All 31.8% (6.7) 71.0% (B.3)
4 Suburban 1 78.2% (5.7) 77.6% (10.4)
6 2 19.3% (9.1) 68.0% (11.8)
27 Urban/ All 30.8% (5.5} 74.4% (8.0)
16 Suburban 1 56.3% (6.0) T7.7% (7.4)
11 2 17.9% (8.2) 71.8% (9.3)

Source: Roundabouts in the United States, NCHRP Report 53)2 (
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Table 2.4: Mean Crash Reduction in various Countries

Mean Reduction (%)

Country All Crashes Injury Crashes
Australia 41-61% 45-87%
France - 57-78%
Germany 36%
Netherlands 47%
United Kingdom - 25-39%
United States 35% 76%

Source: Roundabouts: An Informational Guide, Second Editin (

2.4 Geometric Features

2.4.1Inscribed Circle Diameter

Thelnscribed Circle Diameter (ICD$ the distance across the circle that is inscribed by
the outer curband is the sum of center island diameter and twice the circulatory roadway width
(1). ThelCD design is based omaterative process and is based upon design objectives such as
accommodatinghie design vehicle and providisgeed controfl).

For a singldane roundabout the turning requirements of a design vehicleplay
prominent role in deciding the size of #@D. To accommodatensAASHTO designatedVB-
50 design vehicle, at leastL05 ft. inscribed circle diameter is needadd to accommodate
WB-67 design vehicle, a larger inscribed circle diametetherange 130 to 150 ftwill be
required.The dimensins and turning path requirements for different common highway vehicles
can be found in thAppendixA.

For a multilane roundabout, the size of the roundabout is based on balancing the need to
achieve deflectionspeed contrakindgoodalignmentfor normalsmallvehicles. The inscribed
circle diameter o multilane roundabut ranges from 150 to 250 ftable2.5 shows the
inscribed circle diameter ranges for different categories of roundabouts. These inscribed circle
diameter ranges have to be calesedaninitial selectionasmodificationsareoftennecessary

based on the context of the locat(ah
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Table 2.5: Inscribed Circle Diameter Ranges fordifferent Categories ofRoundabouts

Typical Design

Common Inscribed Circle

Roundabout Configuration Vehicle Diameter Range*
Mini-Roundabout SU-30 (SU-9) 451090 ft (14 to 27 m)
Single-Lane Roundabout B-40 (B-12) 90 to 160 ft (27 to 46 m)
WB-50 (WB-15) 105to 150 1t (32 to 46 m)
WB-87 (WB-20) 130to 1801t (40 to 55 m)
Multilane Roundabout (2 lanes) WB-50 (WB-15) 160 to 220 1t (46 to 67 m)
WB-87 (WB-20) 16510 220 1t (50 to 67 m)
Multilane Roundabout (3 lanes) WB-50 (WB-15) 200 to 250 1t (61 to 76 m)
WB-67 (WB-20) 220 1o 300 1t (67 to 91 m)

* Assumes 907 angles between entries and no more than four legs. List of possible design vehicles

is not all-inclusive.

Source: Roundabats: An Informational Guide, Second Editidl) (

2.4.2Truck Apron

A truck apron isusuallyprovided within the center islarah the outer edg® keep the

inscribed circle diameter reasonabmall while providingadditional paved area

accommodateff-tracking oftherear wheels ofarger design vehicleshile maintaining the

deflectionfor smaller vehicle$l). Roundabout$ruck apronshould be designed in such a way

that they are traversable by trucks but discourage passenger vehicles from usjnggtiadisnby

being elevatedTherefore the outer edge of the truck apron should by approximately 2 to 3 in.

above the surface of circulatory roadway The actual height and curb type is somewhat

controversial and there is currently no consensus amaignées orinstt e s 0

will be covered in detail in later sections)

gthis del i nes

The swept path of the design vehicle dictatestbarance needdd). Swept path is the

calculation and analysis of the movement and path of different parts of thie\ashit

maneuvers a turning movemef8). Thewheelpaths of the design vehicle dictates the width of

the truck apron whickypically varies from 3 to 15 ft. widwith a cross slope of 1% to 2% away

from the center islan(l). Computer Aided DesigrJAD) based vehicle turningimulation

software is generally used to simulaggracking template of the design vehiateorder to

decide upon theninimumtruck apron widtmeededA truck apron should be constructed with

material which iwisually differentfrom the circulatory roadway and sidewalks so that they can

beeasilydifferentiated and alsp sopedestrians are not encouraged to cross the circulatory
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roadwaythinking it is a sidewalklt can be understood from Figu2é that roundabouts with
smaler inscribed circle diameter requires a wider truck apron to accommodatéuariefy

vehicle(1).

2.4.3Design Vehicle

The largest vehicle that is likely tegularlyuse the intersection is termte design
vehicleg and the accommodation of thishiele at the intersection dictates many of the
roundabouts' dimensiors). Roundabouts atatentionallydesigned to slow traffic by different
techniques such amrrowcurb-to-curb widths andelatively tightturning radij andthis concept
could creat difficulties for large vehicles if they are not considered during the design
procesel).

The approaching roadway type and surrounding land use charactéefidecide the
choice of the design vehiglbutthe local or state agency with jurisdictiohthe roadwaysand
all stakeholders, e.targe industrial shippersshould be consulted #ssist in determininthe
appropriate design vehictand possible need for OSOW accommodatipnThe dimensions
and turning path requirements for differentramnon highway vehicles can be foundhe
AppendixA.

Fire engines, transit vehicles, and singiet delivery vehicles shoulalsobe considered
to be accommodated in urban areas without the use of the truck apron. Generadi, WB
vehicles are the laggt vehicleneededdn urban collectors and arterigl®owever Jarger trucks
such as WB57 may need to be considered at intersectioriatenstateor primarystate highway
systemg1). Accommodating WB67 vehicles at roundabouts desiguosthg the WB50 design
vehicleare discussed in later sections of this study.

Some locations in rural areas and freeway interchanges may expect OSOW which travel
on the roadways infrequently and require a special permit. These oversized vehicles should not
be used as a dign vehicle for a roundabout design since their passage is usually infrequent, and
excessive dimensions would lead to higher speeds and lessened safety for the majority of the
users. Therefore, the challenge is to design roundabouts on roadways wh&@\&ivehicle
can be anticipated and needs to be accommodated, without diminishing the safety benefits for the

majority of userg1).

16



Figure 2.6: Swept Path Analysis of WB67 Vehicle forDifferent Diameters

125' DIAMETER ROUNDABOUT |
W67 TURNNG PATH

S\ [140 DIAMETER ROUNDABOUT]
= WB-61 TURNING PATH

(b) Inscribed circle diameter of 140 ft (43 m)

Source:Roundabouts: An Informational Guide, Second Editin (

2.5 Trucking
Theuse of motor velules for freight transportaticacceleratedh the USduring World
War | (19141918 (14). It was estimated thapbmmercial trucks have increased by 56 pédrcen
between 1980 and 2008)( From Figure/, it can be observed that freigitpenditure, the
combining local and intercity trucking sharese amajor portion ofUS freight expendituseand

it has increased over tim&4).
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Figure 2.7: U.S. Freight Expenditures by Mode (in billions of 2000 US$)
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Source: Trucking 101: An Industry Primed.4)

According toanestimate by the American Trucking Association (ATif&)2009 the
trucking industry had a revenue shaf@.9% ($544.4 billion) of the total spent on all modes of
freight transportation in USLB). Trucking also plays a prominent role in international trade.
Freight movement lhie&veen US and other continents primarilyitekplace by ahip or an
airplane however, trucksnake shipments to ports and airports arelused whefreight has to
travelbetweerthe US, Mexico, and Canada5). According toanestimate of the Bureau of
Transportation Statistics (BTS) in 2006, goods transported betiwebls, Canadaand Mexico
by truck hal a share of 61.6%f the value of cargand this share accounts for 26.3% of the tons
of cargo movedbetweerthese countrieslg). Figure 28 illustrates different types of large trucks

that operate in US.
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Figure 2.8: FHWA Truck Classifications

Single Unit Trucks

- U3 - L4
-@‘ 5 o9 &= 000

Truck-Trailer Combinations

@Fﬂm go—lTT— @J o SO e (F’@J@J

Truck-Semitrailer Combinations

4-84
STAA Double-Trailer Combination
ETAA 2812
) ol @ @t
Longer Combination Vehicles (LCVs)
Double Trailer Combinations
[
2532 i 3-524
Q== 06 o0l L 1Toe ! be e ! o

Triple-Trailer Combinations

@@Y 2-81-2-2
o .0 SOROEERO)

Source: FHWA Comprehensive Truck Size and Weight Study, VolumE&7p (

Thelegal, maximum gross vehicle weight (GVW) of a truck is@mIbs (14) based on
the current federal regulations. Beeregulations are enforced by a combination of wiigh
motion (WIM) sites and roadside weigh and inspection statibf)s About 200 million weigs
were maden 2008 with WIM sites sharing 60% and the remaining 40% were sBhtiel¢avy
trucks exceedimthe GVW limit can do damage to roads and bridggsSingleunit trucks and
combination vehicles are two different categories of truck tyh&@san be seen ifgure 2.8,
single-unit trucks have short wheel bases and they do not have trailers. Coonbusdticles can
be further categorized into conventional combination vehicles and longer combination vehicles
(LCVs) as shown irFigure 2.8(17). Congr ess has
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truck tractor and two or more trailers or sdmailers which operates on interstate system at a
gross vehicle weight (G8W) greater than 80, 00

2.6 Freight Transportation and Logistics

Freight transportation arldgistics management are an integral part of supply chain
management which basicallyvolves transportation services to deliver raw materials,
intermediate goods, and finished goods between origin and destirijomt{ere are various
modes of transportation available in logistics management such as rail, truck, water, and air.
Among he various modes of transportation available, motor carriers gjrack used for the
6l ast & mi |l e usudlsugplyg chaimpeogessibatauselofeheir greater flexibility and
universal access to industrial and commercial locatid@s As a resli of the last mile truck
travel, urban truck traffiecs growing in the urban areas resulting in congestion probhetich
are seen in many American cities tod&p). Figure2.9 explains the relationship between cost
and modal service associated withizas available freight transportation modésgure2.10
illustrates the trend in avage length of haul by mode fraimree recentommodityflow survey
(CFS). Itcan be noted that from the 2007 CFS, the average truck shipment moves 206 miles,
and the aveage length of hauling in trucking mode has increased 24 percent over2BR02 (
Figure 2.9: Relationship betweenCost and Modal Service Associated witarious available
Freight Transportation Modes
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Source Preserving and Protecting Freight Infrastructure and RQL®s
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Figure 2.10: Trend in Average Length of Haul by Mode
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Transportabn and warehousing industries employed 4.5 million people in 2008 which
was more than 3 percent of the total U.S. employment. Also trucking was the largest employer
with 1.4 million employees within the fdrire transportation sectioi ).

Three quartey of people in America were reported to be living in urban locations by
1990. Currently, over 83 percent of the U.S. populasaeportediving and working in
urbanized area(). By considering the 20 largest U.S. metropolitan areas, it was determined
that 41 percent of population lives in the city and the rest 59 percent live in the surrounding
suburbs 20). Urbanized area is defined by the Census Bureau as

AfiAn area consisting of a central pl ace (s)
density of at least 1,000 people per square mile of land area that together have a

minimum residential population of at least 50,000 people. The U.S. Census Bureau uses
published criteria to determine t(2e qualif
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Urban delivery service has many operational challenges while makirig-jiste (JIT)
deliveries travelling through congested highways, parking restrictions, and route restrictions
(20). Warehouses and distribution facilities are constructed in or rigam areas to overcome
these challenges and meet the delivery times by transporting the goods in smaller vehicles that
can negotiate the road geometrics in dense urban &®a3ie truck configuration that is most
commonly used iUSis a 5axle tractorsemitrailer (TST) combination vehicle which is
commonlycalledané 1 8 wloe e |j eurs@Howeveretiid Saxle TST is commonly used to
transport goods from origin to warehousing facility nedwan areas2Q). The last mile
deliveries were generallpjade in smaller trucks which are showrrigure2.11
Various movements involving urban truck traffic inclu@é)(

1) long haul trucks passing through the urban area on the urban highway network which has
both the origin and destination outside the uriaa,

2) long haul trucks having either picip or delivery in the urban region,

3) truck drayage,

4) local trucks moving goods among facilities,

5) construction vehicles,

6) utility and other residential service vehicles,

7) van lines delivering goods with special requiggty and

8) package services

Figure 2.11: Trucks used for Last Mile and Line Haul Operations
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SourcePreserving and Protecting Freight Infrastructure and R¢L&s
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2.7 Conflicting Land Uses for Freight Transportation

Residential, educational, and medical related land uses were generally considered
incompatible with freight transportation activitid®). Some of the major conflicteatnon
freight interests face with freight transportation facilities arerd water pollution, light
pollution, noise pollution, effects of vibration, safety issues, congestion, and environmental
justice issuesl@). However, these conflicts lead to building of barriers for the development of
efficient freight transportatioaperation from the freight perspective of interest. On the other
hand, potential barriers for freight services are speed restrictions, limitations on hours of
operation, height and clearance impacts, size and weight limitations, corridor design impacts,
ervironmental permitting, limitations on dredging operations and/or the depositing of dredging
material, backlog of waterway lock or channel maintenance, hazardous material routing
restrictions, and gentrification that displaces, impedes, or increasestlod reight
transportation. Barriers fdreight facilities not only affect the freight transportation facilities,
but also the route choice and accessibility to their destination pafts (

Freight facilities and corridors are very important and havee preserved. Lack of
preserving freight facilities, yards, and other ancillary facilities in the transportation network can
create bottlenecks, increase in cost of goods, and ultimately effects the customers by increased
prices. Various practices suah long range planning activities, delineation of corridors, freight
support and preservation initiatives, maintenance activities, and purchase of corridors for freight

future use have to be conducted for preserving the freight facilities and corfiélors (

2.8 Large Trucks and Roundabouts

A studyAccommodatingrucks inSngle andMultilane Roundaboutsliscusses various issues
and a design measure related to trucks and oversize vehicles at roundabouts and describes the
treatments used whehe truck percentages are high and the taftiein terms of safety and
speed control when using these technig@é} (
An optimal roundabout designasdesign whichsafelyaccommodates a large portion of
road usersvith minimal delay Therefore frequenes of use by various users are considered for

an optimal roundabout. Accommodating larger vehicles at roundaBautelativelya newand
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growingpractical challenge. Many practical measurage beemlevelopedvorldwideto
accommodate larger trucks aundabouts such afllly traversable center islands (similar to
mini-roundabouts), widened entry and exit lanes, right turn bypass lanes, partially traversable
central islands (truck aprep gated pasthroughlanes lane striping, and other&ach of hese
methods carry design tradéfs in terms of safety and speed control of cars and small trucks, and
so each should be considered for site specific condifRi)s

Truck right turnscan be accommodated at larger roundabouts by different means, such
as, use of an adjacent lane, providing widened entries and entry lanes, providing right turn
bypass lanes, free flow bypass Igngeld controlled bypass lageand an internal bypass lane
(21). Figure2.12shows pictures of few of the treatments to amcmdate truck right turns.

Truck aprons are generally designed to provide maneuvering space for large vehicles in a
roundabout while still providing deflection for smaller vehicles. However, an apron may not be
necessary if speed control and truck mandangespace can be provided without an apron. A
fully raised island provides an effective lateral deflection when compared to aprons. Sometimes,
the height and slope of the apron can create under clearance and stability problems for trucks
(20).

A truck apon field study (not OSOW) was conducted-a7IHappy Valley Road,

Phoenix in July 2007. Peak hour apron use by semis and large wiitgiieicks was observed.
Datashowed that out of 624 trucks observed, 77% of them did not use the apron. Among the
trucks that did use the apron, most (67%) of them used it because a car was in the adjacent lane.
It was also observed that when a car and truck werebsidale, the smaller vehicle usually

accelerated ahead of the truck or applied brakes to get behindakétt).

24



Figure 2.12 Treatments for Accommodating Truck Right Turns
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Source: Accommodating Trucks in Single and Multilane Roundabazii3 (
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2.9 Joint Roundabout Truck Study

A AJoint routwmdgboeconductledsby Wi sconsin DO
Minnesota DOT (MnDOT) and their consultants tg@2) have studied better ways to
understand and improve the accommodation of trucks at multilane roundabouts. This study was a
four - phase study and tlevaileble report provides a summary for the first three phases. Phase 1
studied the current design practices, abtiinedinputs from trucking industryia a surveyo
develop design guidelines for accommodating trucks in multilane roundaBdusk in this
studyis defined as the design vehicisedon statetrunk highwaysWB-62 is considered
desgn vehicle for MNDOT and W5 considered as a design vehicle for WisD@?2).

Multilane roundabout desigin theUS were categorized into case 1 roundahaase 2
roundabouts, and case 3 roundabouts based on the data collected for 18 representative
roundabouts located in Wisconsin, Minnesota, Michigan, and ArizBigaure2.13illustrates
the example layoudf case 1, case 2, and case 3 roundabouts. Gasedabouts are designed
such that the trucks encroach into adjacent lanes as they enter, circulate and exit the roundabout.
Case 2 roundabouts are designed such that the trucks are accommodated in the lane as they enter,
but may encroach the adjacentdarwhile circulating and exiting the roundabout. Case 3
roundabouts are designed such that the trucks are accommodated in lane as they enter, circulate,
and exit the roundabout. Investigation of the geometric characteristics of the 18 study
roundabouts hashowedthat each roundabout case type has its unique geometric characteristics
relative tothe other case typeR2).

Table2.6 shows the observed design characteristith@i8 study roundabouts based on
case types. Heavy vehicle percentages for 8hstidy roundabouts ranged from 5.5% to 18.6%.

It was observed that case 2 and case 3 roundabouts were in the higher end of the heavy vehicle
percentage range. Case 1 roundabouts in this study were observed to have slightly more truck
related crashes andused delays at entries due to truck encroach(@ant

This study also sent out questionnai@truckcompanies/driver® determine their
potential concerns about navigating roundabouts. The responses indicated that more information
should be conveyedeforea roundabougntry to better understand if the truck should stay in the
lane or use both lanes. Several responses indicated that the actions of the passenger car drivers
may cause conflicts with the trucks and the truck drivers preferred to stegylame at

roundabout and therefore recommended wider lanes and/or better @2@)age
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Figure 2.13 Example Layouts of Case 1, Case 2, and Case 3 Roundabouts
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Table 2.6: Observed Design Characteristics of 18 Study Roundabouts

Item

Case 1

Case 2

Case 3

Entry Radii

64 to 75 feet

63 to 138 feet

120 to 130 feet

Entry Radius
Length

less than 50 feet

50 to 100 feet

100 feet or more

Entry Widths

24 to 28 feet

32 to 34 feet

32 to 34 feet

Transitional limited or no use . .

Widening of widening was implemented was implemented
ICD 162 to 200 feet 160 to 194 feet 190to 220 feet
Approach Varies Tvpically offset Typically offset
Alignment e left left

Source: JoinRoundaboufruck Study (22)

Table 2.7: Apron Width Range and Average by Rounébout Case Type

Roundabout Case Tvpe Selected Apron Width Ranges Average Apron Width
Case 1 (4 roundabouts) 50ftto 1451t 10.88 fi
Case 2 (6 roundabouts) 8.0ftto 15.0 1t 1133 fi
Case 3 (3 roundabouts) 100ftito21.5ft 15.50 fi

Source: JoinRoundabouiruck Study (22)
Twelveof the 18 roundabouts daataon thetruck apron width. Frorable2.7, it can
be concluded that as the camenberincreased, the apron widthquired also increased. It was
concluded fom phase 1 of the studynat each cadeas advantages and disadvantages, and these
tradeoffs needs to be considered for planning and design pf@ggss
The objectvefPhase 2 of the AJoint roundabout tru
for theselected roundabouts in phase 1 and observe the truck operations. Trucks at case 1
roundabouts were observed to be navigating as expected using both lanes, and at rare occasions
rodeover the outside entry curbs. For case 2 and case 3 roundatiwenspotential conflicting
traffic was present, trucks stayedineirlane onthe approach 91% of the time and stayed in
theirlane while circulating 83% of time. When potential conflicting traffic was not present,
trucks stayed itheir lane ontheappioach 71% of the time and stayedheirlane while
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circulating 37% of time. It was concluddgdom phase 2 of the stugdihat trucks mostly operated

as expected dhese threeesign caseHowever, he presence of adjacent trafiinfluenced the

t r uciMngid-dane
of the study was that, small sample siakcase 2 and case 3 roundabouts were available for

b e h arucksomveréntesitigemd circulating. One of the limitations

phase 1 and phase 2 investigati(2.

Table 2.8: Typical Design Parameters for TweLane Roundabouts

Item Case 1 Case 2 Case 3
Inscribed Circle 150° to 190° 160° to 210° 180 to 220"
Diameter

Inner Circulatory Lane . \ . s . .
. 5

Width® 11" to 13 11" to 13 13" to 15
Outer Circulatory Lane . R \ - . \

. 3 5 3 b 5

Width® 137 to 1 13" to 15 15" to 18
Approach Gore Widths Not used 2°to6 2’06
Entry Width® 28" to 327 327 to 34° 32" to 34

Entry Radius

65’ or greater

657 or greater

65" or greater

Controlling Radius

65" or greater

657 or greater.
100" to 130° typical

65" or greater.
100° to 130’ typical

Controlling Radius
Length

No max, typically
70 or less

No max. typically 80" +

No max. typically 80" +

Enfry Angle

16 to 30 degrees

16 to 30 degrees

16 to 30 degrees

Length of Two Full
Lanes for Lane Add®

Low V/C — Short length
Medum V/C — Medium length
High V/C — Long length

Low V/C — Short length
Medium V/C — Medum length
High V/C —Long length

Low V/C — Short length
Medum V/C — Meduum length
High V/C — Long length

Exit Widths"

28" t0 32°

28" to 327

28" to 327
(where large radius or
tangential exit used)

* - Based on site conditions. ROW constraints. specific design vehicle. and other factors. designers
may choose to implement geometrics outside these recommended ranges; however the overall design

should comply with FHWA and WisDOT or MnDOT guidance documents

a - Measurements are from face of curb to face of curb (includes 2’ gutter pans on each side)
b - Measurements are from edge gutter flange line to lane line
¢ - In addition to the segment with two full lanes. a taper following FDM guidance is needed to
transition from one to two lanes

SourceJoint Roundabout Truck Studg2)

Phase 3 otheii J o i

nt

roundabouddestgmguidakce ot udy o

provi

accommodating trucks at roundabouts on statek highways that were generated by the study
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team based on the designs for more than 700 roundabouts. These design guidelines in phase 3
wereprovided for accommodating trucktsatare in addition to the higher priority requirements
from established design guidandocuments from FHWA, WisDOT, and MnDQt was
concluded that a wetlesignedcase 3 roundabouthich meets the applicable geometric design
requirementsprovides safe and efficient operatiorand also provies better truck
accommodatiori22).

Certan specific locationssuch as where designated OSOW routes exist, multilane
approaches on arterials, interchange ramps, truck stogsdustrial/warehousdistricts,
warrant additional consideration for a case 3 design. Case 2 slssarid be consided as the
next most desirable options if cas® design is not practical. Case 1 desigimould be
considered when truckolumesare low and/or if a case 3 or case 2 design has undesirable
impacts.Table2.8 shows the typical design parameters for-tearte roundabout§?2).

2.10 Accommodating OSOW Vehicles at Roundabouts

A pooled fundstudysponsored bgight statesind three nostate sponsonsas
conducted by Kansas State Universityth this dissertation author providing survey input and
analyses andll key OSOW accommodatiatesigns and their analysg@scorporated herein)
andwith Kansas being the le&tate(2). The objectives were to compile current practice and
research by various US statesl foreign countrieselated to the effects that O80have on
roundabout location, design, and accommodafibis studyalso filledinformation gaps with
respect to roundabout design and operation® SOW vehicles. This studyonductedour
different surveys to obtain valuable information regarding OS@Wcles and their
accommodation at roundabouts from 50 US state agencies and OSOW (2wlers

Survey 1 was conducted with 50 US states thrduglerican Association of State
Highway and Transportation Officiaf@ASHTO) contacts and a total of 37 UStstmresponded
to the complete survey. The main objective of the first surveynatagnroundabout related
issueshutratherto focus on permits that are requiredtransport OSOW loads and to determine
the bottlenecks for OSOW on their road=l to detrmine which states hadundabout®n state
highways Thirty-one(31) responding statgd83.8% of the respondentsad a category for
different types of oversize/overweight (OSOW) loads. THiktg (35) responding statg94.6%

of the respondentsgquire a permit for transporters to use states highway system that exceeds
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statedstatutes Of the respondents,onont ana and Nebraska donodt
eight(8) stateq21.6% of the respondent®ported having typical design vehicle to aid
determining needed roadway geometry for OSOW vehicles and teigitystate$75.7% of the
respondentsjo not. Twentyfive (25) state$67.6% of the respondent®sponded that they

have designated truck routes and nine (9) s{@®8% of the respatents)responded that they

have designated OSOW routes. Tieeof reported restrictionsvith the percentage of

respondents reporting the restriction as a known problem to Q&3hown below2).

Bridges 100%

Overhead structures 89.2%
Signs and signalg0.3%
Intersections 64.9%
Interchanges 56.8%
Rail-highway grade crossings 48.6%
Utilities 48.6%

Overhead wires 40.5%

. Roundabouts 35.1%(13 States)
10.Curbs 18.9%

11.Raised channelization 18.9%

=

© N OhWDN

Theaboverestrictions were arranged in the ordethaf percentageeporting the
restriction as @roblem for OSOW loads. For exampbeidges were stated as a known
restriction for OSOW loads hy00% ofall responding states. It has to be observed that
roundabouts werthe 9" mostreportedfor OSOW loads among 11 polst restrictiong2).

Thestates replyinghat roundabouts are a known problem were Connecticut, Idaho,
lowa, Kansas, Louisiana, Minnesota, Missouri, Nebraska, New York, Nevada, Ohio, Virginia,
and Wisconsirf2).

Survey Zhad more questions related sibieally relate to roundaboutndwas conducted
with the same 50 US states through AASHTO contactsaftet follow up emails and phone
calls,all the 50 states responded to this survey yielding a 100% survey response rate. All states
except Alabama, Haaw, Idaho, North Dakota, Oklahoma, Texas, Utah, and West Virginia
reportedhaving modern roundabouts dheir state highways. All states except Delaware,
Nebraska, and Rhode Islargported havingnodern roundabouts on nstate roadways.

Results of surwe2 were summarized in sectiBtil of this dissertatio(®).
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Survey 3 was prepared to obtain information on roundabout concerns directly from
trucking companies and/or truck drive@ompany names were obtained from searching the
internet for companies & hauled oversized loads, calls were made to the company offices
asking if they would consider answering a survey, and the surveys were sent out to those who
indicated they would. Howevetherewerezero responses returngslvice president with the
Spedalized Carriers & Rigging Association (SC&RAjfered to take the survey to a meeting of
13 SC&RA regional managers and thpsovided one good survey response whias a
composite othe vice presiderdnd thel3 other regional managers of SC&RBisresponse
provided some of the best insight available from experienced experts in OSOW Hawitiregof
the important responses from survey 3 are summarized lf&ow

There are uniquerpblems with roundabouts asgularroundabout design does not
consicer permit loads that exceedrmal parameters of length, widths, and weigbtsne of the
suggested solutiorfsom survey 3wvere that roundabouts should be well designed for normal
vehicles asvell as forexpectegermit loadsy implementing various feates such as widening
the roundabouiccessremoving the barriet® OSOW movement, and designingpre
traversable curbs. Alsd,was the respondents opinion tllassign engineers should consider
broader use ddSOWuser groups rather thaust smallervehiclesand legal loadghen
designing roundabout(g).

Some of thespecificconcerns with roundabouts mentionaglthe surey 3 respondents
as major disruptios of traffic flow thatcreateproblens for permit loadsvhile negotiating a
roundabougre Isted below(2):

1. Lowboy (low clearance) vehicles have problems with curbs more than 3 inches in

height.

2. There are issues with OSOW riding up on the curb on the exterior of the roundabout.

3. OSOW vehicles don't like hauling their long loads throwgimdabouts with tight

radii.

4. Fixed objects within the center of the roundabout cause problems.

5. Slopes of circular roadway and/truck aprons cause risk of overturning.

6. Drivers not understand what the truck apron is for and need education.

Some of ntigation strategiesnentioned by the survey 3 respondents summabeknv
offer somegeneralkolutions butio not provide completer specificsolutiors. Bettersolutions
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can be provideavith acombination of these mitigation strategies #macapabiliy of modifying
theroundabout, or various componefitsneeded) or, in some cases, modifying flow patterns,
depending on the sizd configuratiorof the load(2). (These will be covered in detail in later

sections of this dissertation)

The mitigationstrategiegrom the survey 3 responderate(2):

1. wide truck aprons (12 feet or more) with a minimum slope and mountable curb

2. custom center islarsto address known left turns

3.tapered center island to support through movements

4. paved aresbenind curls (right side for offtracking)

5.installing removable sigrendsetbacks for permanent fixtures (light poles)

6. alow trucks to cross over the median (afged, depressed, or corrugated)a counter

flow direction,before entering the roundautto make a left turn in the opposing lane

and then cross back over after the fumd

7.right-turn lanes (sometimes gated).

It was alsamentionedoy thesurvey 3 respondentisatit would bebeneficialif loads
could go straight through the roundaib considering tha removable barrier would have to be
in place to prevergmall vehiclegrom doing so, or the pathway would have to be offset so the
entrance would lineup with the left approach where the driver would have to move to the left
lane oftheapproachwhichwould beillegal inall or moststatesHowever, OSOW are usually
escorted, so traffic control should be no probl&trere were also instances where signs, lights,
and other stationary objeatsereremoved for an OSOW movement and laggiaced2).

As therewasonly one butavery insightful response from surveytBeresearchers
partneedwith the American Transportation Research Institute (ATRI) for conducting survey 4
It was agreed to let ATRAdd several questions ioterest tahem and thertheydistributed the
survey tatheirmembersThe surveys came back to thetate researchers for analy&ts

A total of 60 responses were obtairieain survey 4 howeveronly 18 respondents
answered that they use OSQarmits. Each qustion was summarized in three different
categories, i.e., one based on the total 60 respondents, one based on the 18 respondents who
answered theyseOSOW permits, and the third based on the 37 respondents who answered they
do not use OSOW permitslost d the OSOW haulersl6 OSOW haulers33.3%o0f the total
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OSOW haulers respondeaerate irthefor-hire sector of trucking industry aficble2.9
summarizes all the responses based on sector of trucking industry being operated. Most of the
OSOW haulers opate in truckload carrier typd OSOW haulers38.9%of the OSOW haulers
respondeyland Specialized (flatbed) carrier type@SOW haulers, 38.9% of the OSOW haulers
respondell Table2.10summarized the survey responses based on carrier type that best
described the company. Most of the OSOW haulers haul either heavy machinery/equgoment (
OSOW haulers33.3%of the total OSOW haulers responyled general freight/truckload!(

OSOW haulers22.2%o0f the total OSOW haulers responjieéslome other commodigevere

oilfield equipment, production buildings, dry bulk commaodities, coil steel, grain, and bulk
liquids. Table2.11categorizes the respondents based on the type of commodity trucks typically

haul (2). More results from survey drepresented in sectid®2 of this dissertatian

Table 2.9: Sector of Trucking Industry Being Operated

Sector of
Trucking Industry
being Operated

Respondents who useg
OSOW Permits
Responses (%)

Responeénts without
OSOW Permits
Responses (%)

All Respondents
Responses (%)

For-hire 45 (75%) 15 (83.39 25 (67.60
Private Fleet 13 (21.7%) 2 (11.1%) 11 (29.7%9
Mail/Parcel 0 0 0

Other 2 (3.3%) 1 (5.6%) 1(2.29

Source:Accommodating Oversizev@rweight Loads at Roundaboy®

Table 2.10: Carrier type that Best Describes the Company

. All Respondents who | Respondents without
di:g'gég?ﬁ eﬂc];?-,t r::oeztny Respondents | use OSOW Permits OSOW Permits
Responses (%) Responses (%) Resmpnses (%)

Truckload 23 (38.3%) 7 (38.9%) 14 (37.8%)
LessThanTruckload 8 (13.3%) 1 (5.6%) 6 (16.2%)
Private Fleet/Shipper 8 (13.3%) 2 (11.1%) 6 (16.2%)
Specialized (Flatbed) 9 (15%) 7 (38.9%) 2 (5.4%)
Specialized (Tanker) 5 (8.3%) 0 4 (10.8%)

Expres/Parcel 0 0 0

Other 5 (8.3%) 1(5.6% 4 (10.8%)

Source: Accommodating Oversize€®@weight Loads at Roundabo&
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Table 2.11: Type of Commodity Drivers or Contractors Typically Haul

Respondents who Respondents
use OSOW Permits  without OSOW
Responses (%) PermitsResponses (%

Type of Commodity Driers or | All Respondents
Contractors Typically Haul | Responses (%)

Consumer/Retail Products 3 (5%) 0 3 (8.1%)
Household Goods 2 (3.3%) 0 2 (5.4%)
Truck/Auto Tranport 1(1.7%) 0 0
Modular/Mobile Homes 0 0 0
Heavy Machinery/Equipment 6 (10%) 6 (33.3%) 0
US Mail/Parcel 0 0 0
GeneraITFnrJ(illg(glr;télllaesman 1 (1.7%) 0 1 (2.7%)
Petroleum Products 7 (11.7%) 0 6 (16.2%)
Mine Ores 0 0 0
Forest I;Ar;)t(lt:glsslBundmg 1 (1.7%) 1 (5.6%) 0
oo | 4610 | 1689 | 3@
Processes Foods 3 (5%) 0 3 (8.1%)
General Freight/Truckload 14 (23.3%) 4 (22.2%) 8 (21.6%)
Other 17 (28.3%) 6 (33.3%) 11 (29.7%)

Source: Accommodating Oversi@verweight Loads at Roundabo®

2.10.1 Wisconsin DOT OSOW Freight Network Guidelines for Roundabouts
Wisconsin DOT has designed a procedure to check thgrowndclearance vehiclés
clearance problems at roundabouts that are presesime segmentd their OSOW freight
network. The procedure to narrow which roundabouts needs this ground clearance analysis is
described below:

n

Evaluating Roundabouts to be considered for AutoTurn Pro Analysis:

1) Is the roundabout located on the OSOW Freight Networkngsy and secondary
routes? (The location of the regional OSOW Freight Network maps are located:
http://dotnet/dtid_bho/extranet/maps/docs/freightnetworl.pdf

a. Yes: Continue toext step.
b. No: Analysis is not required but is recommended on routes that are known or
anticipated to experience standard legal size lowboys.
2) Was the roundabout built in 2011, or programmed for construction in 2012 and after?
a. Yes: If it is located on the &DW Freight Network, AutoTurn Pro is required to
complete an analysis to determine if conflict points are present.
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b. Clearance issue found?

c. If yes: Reconfigure the slopes within the conflict areas and check the surrounding
area (i.e. approaches) for addinhal conflict points. If the truck is tracking
outside of roundabout, reconfigure as necessary.

3) Roundabouts constructed in 2010 and prior years, it is not necessary at this time to

analyze for OSOW2l owboy cl earance. 0 (

Some general design guidelines &sigin roundabouts on the OSOW freight network 2re (

T
T

usetruck apron slope of 1% towards the roadway on all roundabouts

usepill shaped center island or other shape center island where appropriate to
accommodate anticipated OSOW movements

a drculatoryroadway crown must be installed for roundabouts with 2/3 sloped inward
and 1/3 sloped outward on atlundabouts,

a4-inch type G/J curb and gutter should be installed on outside of the approach when off
trackingof large vehicles is expected, and

an8-inch thickness concrete patould be installed behind the back of the curb along the
outside entrance area where thetodtking is anticipated. A maximum of 1% slope can

be used.
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Chapter 3 - Surveyswith 50 US States and Trucking
Agenciesand Guidelines to Build Statewide Freight

Networks

Responses for survey 1, survey 3, aathequestions in survey 2 and survey 4 were
summarized irsection2.10 of this dissertationDetails relevant to the accommodation strategies
developedare presented in this gbter. Many questions in survey 2 and survey 4 were included
in the survey for the results to be useddeveloping the accommodation strategiedlics
dissertationTherefore the specific questions and their responses in the survey 2 and arevey 4

analyzedand presented in detail this chapter

3.1Survey 2

Survey 2was then conducted with the AASHTO member contacts from the 50 US states
to obtain detailed information regarding roundabouts and their issues with OSOW vehicles.
total of 32 questons were included in Survey Bowever, aly ninequestions included in the
survey were intended to be used in thissertatiorfor developing accommodation strategiesl
therefore the responses for thesge questiongrom survey 2vereanalyzedwith the
accommodation strategies in mind and are presemts chapter. Thesselectechine
guestions from survey 2 were presentedppendixB.

3.1.1Concerns about Roundabouts from the Companies that deal with Vehicles
Requiring a Permi
One of the moshformative questions on surv@ywasthe questionaskingrespondents
"Have you heard any concerns about your roundabouts from companies thatlidealetiicle
requiring a permit?Answers that are considered to have information pertinent to
accommodabn stratgiesare paraphrasébelow. Detailed responses can be foundppendix
C. There were concerns about:
1 long trailers 53 feet plus and long doubles >100 and 120 feet
1 trucks required to stay in laneathe approaches
1 lowboy vehicle built to limit vertical roundabout clearance to approximately 3 inches
hanging up
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no identifying roadway network based on geometric design limitations
roundabouts with tight radii; also clearance issues

oversize loads riding up on the exterior carta high cuos,

high-profile curls on truck apron

too narrow lanes

drivers not understant truck aprons are designed to be mounted by tracder
combination vehicles,

placement of signs and landscaping

objects in the centesland, and

roundabouts built  close together

It is of great importance th#te most mentioed concern waserticalclearance, which

was mentioned six timésseven if the concern over the outside curb was menti¢hediate,

this has been a neglected issue, except for onesitiayr) Long loads were mentioned three

times The stée of Washington indicatetiey have all sorts of problems with standard

intersections but have not had any issues with roundabouts.

However, Washington responded wilkie suggestions that would tenal help mitigate

thatst at es 6s c tistedleelomms and ar e

T

il
il
1

mountable curbing
removable signage
addressig stationary landscape featuraad

larger radius desigio accommodate longer vehicles

3.1.2Problems with OSOW Vehicles Navigating Roundabsut

A related question wabe questiorwhich asked &veHyou heard of any problems with

OSOWovehicles navigating roundaboutsPhe problems with roundaboutsent bysome

respondentsare paraphrased below:

T

Alaska's response was venjormative. Theywrote thatmeetirgs with the trucking
companyled to better design templates and larganmeter roundabouts overallsa, in
heavy trucking areas, full use oflimidual lanes and truck apromsuld be benetial.
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1 One state reportetie permits departmergsueda permi which allowedOSOW through
a roundabout not designed to accommodate a large vehmlever, other states
reportedthey did coordinate with the OSOW permit section to determine vehicle sizes
and geometric requirements on permitted routes.

1 Getting long loads through roundabouts required removal of permanent signing, special
law enforcement actigand rerouting of somleads
One state reportgalacement of a rouradbout eliminated its use for @8V transport.
Washingtor{stateof] reported ainique problem with a roundabout in a local agency
wherethe local agencies did not waDSOW going through the location because they did
not want their landscaping injured.

It is apparenthat the above comments lead to an understanding that commumisatio
very important. This includes internal communication between permitting sections and designers,
between designers and truckiagsociationsand also between states and local agencies where

local agency roundabouts might be important on some OSOWitfeztmoutes.

3.1.3Studies/Information of how OSOW Vehicles or Trucking Associations Accept

Roundabouts in a State

Another questiomn this studyisi Do you know of any studies i
information or insight into how OSOW vehicles ardking associations agaeroundabouts in
your state?The Wisconsin/Minnesota study mentionedgéttion 29 appeared to be the most
relevant dthoughit wasnot specifically directed toward OSOW. It is notable also that they have
developed a freight nebrk, with designated OSOW sectiarisseems that all states could
benefit from a freight network in general and some study of developing OSOW routes.

The followingis a quote fronO r e g cespoOnseo thequestionregarding do they know
of problems withOSOWVvehicles navigating roundabouts:

AWe have had some minor issues with the
system in Oregon. Itis a mulane, so not as much problem for OSOW. From what we
have heard, most of the problems have been on rount$atio city streets. We hear they

are too small. Unfortunately, due to misunderstanding about roundabouts, the freight
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haulers assume we would build the small diameter roundabouts on state highways. We
are working to educate the industry. There hawmnlzefew cases where heavy haulers
had to rebuild curbs/landscaping, but much of the complaints seem to be more &necdota
in nature with few specificso.
Washingtoristate of]reported that one roundabout project in particular had an
overwhelming oppositio from a bcal trucking company and a 18bt articulated load was
used as the design vehicle and the central isk&®ddesigned to be mountabAgain, as
indicated above in other survey question responses and comateatances and mountable
curbs apear to be one of the most, if not the mosportedconcerns in OSOW transport
through roundabouts.
Wisconsinrespondedh at mega high (16®dm9g) (2rdowi)dandl
heavy (350K+) vehiclesn occasionneeded to be rerouted. However ytls&atel that most of
the OSOWfleet can get through either in tdeection of traffic or counteflow (travelingthe
wrong way through the roundaboutjepending otheroundabout design and year built. They
do suggest that removable signs, wide truakag and tapered or custom center islands are
modificaions that make roundaboutwre friendlyfor OSOW. Their suggestions correspond to
concerns and problems in other states that have been reported on the secondesuovey,
vertical clearancdack of obstructions in the centesland and placement for removaldens
are important potential countermeasures
Maine mitigated similar problems tmes mentioned in the paragraph above (vertical and
horizantal clearancey providing an overlagt a raandaboutvhich reducd the truck apron
curb height from 4 inches to 3 inches. They also modified the geometry to remove the vertical
exterior curb and replaced it with a sloped, mountable curb.
North Carolina responded thiiey have modified thecurbingaround the apron so & i
not an abrupt change in eléwm. Their latest roundabout ©iaxperiencgissues with trucks not

using the apron and damaging outside curbs, etc.

3.1.4Input of OSOW Companies/Organizations in Highway Design
Input of OSOW compaies/organizations that deal with OSOW vehidasighways
include the followingconcerns(referto AppendixD for detailed responses)

A curb heightand shape of curbs
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A lack of OSOW companie@put;, only sought forproject meetings, special design

meetngs, and during public hearings
A rolled curbs and undeestding OSOW routesand

A central sland landscaping

3.1.5State Agencies Interaction with OSOW Vehicle Owners/Operators or Trucking
Association
Fifteen (15) statesAlaska, Arizona, California,owa, Kansas, Maine, Montana,
Nebraska, Nevada, New York, Oregon, South Carolina, Tennessee, Washington, and Wisconsin
responded that thagteract with OSOW vehiclewners/operatorsr trucking associations on
designs such as roundaboutke author beliges nteraction of this nature should be universal.

3.1.6Roundabouts on State or NeState Routes on which OSOW Vehicles might be
Routed

Thirty (30) stateg60% of the responding statesplied they haveoundabouts on state
or nonstate routes on whicdBSOW vehicles might be route@ihey are Alaska, Arizona,
Arkansas California, Colorado, Connecticut, Georgia, lllinois, lowa, Kansas, Kentucky, Maine,
Maryland,Massachusettdichigan, Minnesota, Mississippi, Nebraska, Nevada, New
Hampshire, New Jerselew Mexico, New York, North Carolina, Oregon, Pennsylvania, South
Carolina,Washington Wisconsin, andiVyoming Nine (9) stateg18% of the responding states)
replied they do not haweundabouts on state or netate routes on which OSOW vehicles
might beroutedand they ar®elaware, Florida, Indiana, Louisiana, Montana, Ohio, Rhode
Island, South Dakota, Tennessee, ¥irdinia.

Twenty-four (24) state$48% of the responding stateake OSOW routes into
consideration when planning or designing a roundalSeventeen (17) stat@z1% of the
responding states)o not take OSOW routes into consideration when planning or designing a
roundabout. More details can be found\ppendixE.
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3.2Survey 4

A total of 47 questions were included in Survey 4. Hoeewnly22 questions included
in the survey wereelevant to developing the accommodations develop#dsulissertatiorand
therefore the responses for th@2ajuestions will be presented and analyzed in this chapter.
These22 questions from survey 4sad for analysis in this chapter were presentéppendix
B.

KSU6s, AXI O online survey was used for ATR
survey to ATRI members. A total of 60 responses were returned and the results from these
responsg are summarized belo®Wf the 60 responsesnly 18 of the respondents answered that
they use OSOW permits, i.e., from the survey answarquestion askgif they use permits for
loads37ofthe r espondents answered Areydonatmaul t her ef or
OSOW loadgthe basic definition of OSOW is a load requiring a permit, a legal requirement in
most statesandfive did not answer that quisn. Thus, several questiodssigned to
specificdly address OSOW haulers wouidt apply to them.

321Det ail s of Presenting Respondent

In thesummary tables and charts below, whenever the total number of responses for a
particular question are not equal to the total number of returned responses or 100%, it has to be
understood that a feof the respondents did not provide repteghat particular question.

Question 30 of survey 4 was designed to find out if the responding trucking agencies use
OSOW permits. Only 18 respondents answered they were using vehicles requiring OSOW
permitsand 37 respondents replied that they do not use OSOW permits. In this case, the sum of
the respondents using OSOW permits (18) and respondents not using OSOW permits (37) is 55
and it does not add up to 60. This situation meanditteatespondents didat answer this
particular question.

Each question was summarized in three different categories, i.e., one based on the total
60 respondents, one based on the 18 respondents who answeree@®8PW permits, and the
third based on the 37 respondents \ahewered they do not use OSOW permits. However, a
few questions in the survey were exclusively designed to be answered by OSOW haulers and
therefore, only the 18 responses that mentioned using OSOW permits were considered in

summarizing and analyzinbése questions.
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3.3Summary of Survey 4Responses

3.3.1Are Roundabouts any more of a Problem Compared to Intersection and Other

Highway Features?

Figure3.1 summarizes results tie QuestioniAre roundabouts any more of a problem
compared with other ietsections@ f or di fferent category of res
88.9% (16 respondents) of tEsSOW haulers felt roundabouts are a problem compared to other
intersections. The comments from the OSOW haulers for this question were summarized in
Table3.1 From Table 3.1it was almost unanimous that roundabouts are more of a problem than other
types of intersectionsiowever, the one 6Nod in the table with
insightful.

Figure3.2 summarizes results dheQuesioni Ar e roundabouts any mo
than other highway features which may be a concern to oversize/overweight loads such as
narrow bridges, wires, curbs, ramps, and so f
be observed that 83.3¢45 respondents)f the OSOW haulers felt that roundabouts are more of
a problem than other highway features, which may be a concern to oversize/overweight loads
such as narrow bridges, wires, curbs, ramps, and so forth. Comments from the OSOW haulers for
this question were summarized in TaBl2 From Table 3.2, it was almost unanimous that
roundabouts are more of a problem than highway features which may be of concern to
oversize/overweight loads such as narrow bridges, wires, curbs, ramps, and Jhisith.
contrary to results from OSOW survey 1 in sectidi® ®f this dissertationvhich listed 11
obstructions to OSOW, and roundabouts wétefal1 This may be because the survey 1 was
conducted with state officials and survey 4 was conducted vB8(W haulers. It has toe
understood that if specifidcSOW movements that are expected at an intersdatmnn, the
roundabout can be built to accommodate the expected OSOW movements. Chapter 4 of this
dissertation specifically addresses how to designdabouts when OSOW movements are

expected.

43



Figure 3.1 Summary of the Question "Are Roundabouts any more of a Problemmompared

with Other I ntersections?o
50 A4
40 -
30 ~ 25
20 - 15 16 mYes
10 - 2 H No
0 A |
All Respondents Respondents who use Respondents without
OSOW Permits OSOW Permits

Figure 3.2 Summary of the Question "Are Roundabouts any more of a Problem than
Highway Features which may be of a Concern to Oversize/Overweight Loads such as

Narrow Bridges, Wires, Curbs, Ramps, and so Forth?"

60
39
40
20 19 15 20 16 m Yes
: 1
0 H No
All Respondents (%) Respondents who use Respondents without
OSOW Permits (%) OSOW Permits (%)

3.3.2Unique Problems with Roundabouts
Table3.3 summarizes results tfieQ u e s tDb youn have any unique problems with
roundabouts, and if so, please explain? asked of respondeNostef who us
the problems are addressed in this dissertation. From Table 3.3, the comment abowkcleara
issues (ground clearance) is definitely considered a problem and is addresses in detain in chapter
5. Also problems such as traii@hangupé at curbs, loads unable to get through the roundabout
can be mitigated by better designing the roundabouwpected vehicles which is addresses in

chapter 4.

3.3.3Solutions to Mitigate Problems at Roundabouts
Table3.4summarizes the responses for Questibh b r OS OW Ifihe answerts , i
guestion 15 and/or6lis "yes', what possible solutions do ydurtk might mitigate the

problem(s) without compromising their safety benefits to passenger vehicles, or requiring
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excessive right of way and co8t can be observed form Table 3.4 that the most mentioned
solution is by providing larger roundabauhich can be agreed as better way of accommodating
trucks. However, the roundabout should not be bigger than necessasynot to diminiskafety
benefitsof roundabouts

Table 3.1 Comments for the Question’Are Roundabouts any more of a Problem

Compared with Other I ntersections?o
Survey
Respondent Are roundabouts any

more of a problem

Number ; Comments
compared with other
(osow . .
intersections?

Hauler)

1 Yes To narrow a radius for truckespecially if there is a doin the

middle, and also trailers track in the other lane if not built righ
5 Yes Clearance issuesability issues, driver education challenges (n

ours but the traveling public)

We have several roundabouts in town and they are a substar
3 Yes problem for large trucks as vehicles encroach in adjacent lang
lanes are wider than the normal, they can be ok.

Depends on if they have round or square corrferarb radius?}

4 Yes and the height of them
Here in Billings, MT, the roundabisuare very difficult to
5 Yes . .
maneuver with the rocky mountain doubles.
6 Yes Difficult to move oversize loads. Should never be in middle
major highways.
Doubledrop trailers and 53oot-spread axle trailersas well as
7 Yes . . .
any stretch trailers have iges with roundabouts.
Too many drivers fed is an automatic green light armb [do
8 Yes .
not] yield.
9 Yes We haul many oversized loads and they are limiting the route
can use.
Yes, the trailers drift into the second lane causing the ptdétn
10 Yes .
for a collision.
The concept is posing an extreme threat to the movement @
oversize cargoes and results in rogtineadaches and
11 Yes - . .
unnecessary oubf-route costs to our shippers. It is imperativ
that roundabouts not be allowed on state or fe@l highways.
12 No Not if built right. Note that large trucks are not allowed on

residential streets except for deliveries and moves.

Note: Only minor editing for grammar and spelling was performed for responses for clarification.
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Table 3.2 Comments for the Question'’Are Roundabouts any more of a Problem than
Highway Features which may be of a Concern to Oversize/Overweight Loads such as

Narrow Bridges, Wires, Curbs, Ramps, and so Forth?"

Are roundabouts any
more of a problem

Survey than other highway
Respondent | features which may be
Number a concern to oversize Comments
(0sow overweight loads such
Hauler) as narrow bridges,

wires, curbs, ramps,
and so forth?

The traveling public is interacting onrée or four points

1 Yes as well as not truly educated on how to traverse a
roundabout.
5 Yes Yes they can be a problem for heavy haul avad
haulers due to height of trailer from ground.
3 Yes States will not route you through them.
Yes, the width ofhe lanes do not compensate for
4 Yes

articulating CMV or OW / d8SOWpad.
They are, and will continue to be a major operationg

2 ves and safety issue for O [@SOWgarriers.
There are more and more of them and unlike narrov
6 Yes bridges they are not asvell documented for routing
purposes.
7 No If the road is for long vehiclei needs a bigger radius.

Note: Only minor editing for grammar and spef) wasperformedfor clarificationin a few cases when

felt necessary.
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Table 3.3 Summary of Responses fothe Questioni Do y o u Unigwed’roldemsy with

Roundabouts, and if sopleaseEx p| ai n? 0

Do you have any unique
problems with

roundabouts, and if so,
please explain?

Comments

The trafficvolumes in and around them make it hard for trucks to ent

Yes safely. It takea long time especially in multilane roundabouts to have
opportunity to enter safely.
Yes Clearance issues, sight distance, bike and pedestrian islands, size
radius.
Roundabouts are too small and the trucks can't stay in the proper Ig
and smaller traffic doesn't pay attention to signs saying trucks need |
Yes . . . ) .
lanes. Poor or no directional signage for which lane to be in to get o]
the roundabout where you want toral where that street or road goes|
Yes Both construction and maintenance cost are high especially in snc
country
Elevated and sloped curbs cause trailers to hang up on any turns
Yes
than 90degrees
Yes Loads cannot get through them.
Yes Yes, therailer will track from lane 1 to lane 2 or the trailer will run up
the curbf/island if lane 2 is being used.
Continued expansion of roundabouts will force O D car¢o&OWjio
use only Interstates and inappropriate secondary routes and add
Yes .
needless costs and exposure to accidents. We can foresee tonnage
forced back onto the inefficient rails.
Typical roundabout design is too small in scale to accommodate la
Yes trucks effectively and doesn't provide enough time for larger vehicleg

enter without impeding traffic

Note: Only minor editing for grammar and spelling was performed for responses for clarifiéayon.

words in brackets [ ] were added by the author.
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Table3.4SummaryofReponses for the QuelsSand/a b6isidyed, Answer
what PossibleSolutionsyou think Might Mitigate Problem(s) without Compromising their
Safety Benefits toPassengeiV ehicles, orRequiring ExcessiveRight of Way and Cost"

Survey Q17: If the answer to question 15 and/or 16 is "yes";, what possible solutions do y
Respondent think might mitigate the problem(s) without compromising their safety benefits to
(OOW Hauler) passenger vehicles, or requiring excessive right of way and cost?
Make them large enough to accommodate all vehicles including stretch trailers as
1 as over width and keep the entire roundabout at one level; do not raise the center
acurb
Do not build them on Interstate or State Highwagsintersections that connectaid
5 highways. Do not build a roundabout anywhere before the state, city and count
governments have looked at their long term planning for regional projects both pu
and private. Did not put a cork in the bottle you want to build a ship in!
Increag the diameter of the roundabouts. Add directional signs well ahead of th
3 . o
roundabout. Improve public knowledge of the laws pertaining to roundabouts.
Roundabouts with rounded raised corners vs sqyeadii and curbs?]are much better.
4 Roundabouts ned to be at least 2 lanes wide. In KS on hwy 420 between Wichita
Joplin is an example of a bad one (square corners, single lane)
5 The concept of the roundabouts is good, however much more room is needed for t
to safely utilize them.
It is rearly impossible to negotiate the roundabout with rocky mountain doubles
without bumping the curb with either the outside steer tire or the rearmost inside t
of the rear trailer..... solution? Bigger/wider roundabouts Also, | have noticed tha
6 my trucks SLOWLY navigate the circle, cars are likely to impatiently pull out in fro
the trucks...... I have invited the Motor Carriers of Montana (Assn) to come to Bi
and video my trucks as they navigate the roundabouts and would be happyr® thiea
results.
7 Use standard stop] light controlled intersections
Making roundabouts double lanes allows room to maneuver. We much pré$evg
8 lighted intersection because it has the room to make a big enough turn to accomm
the extra long or wide loads.
Lets have the 'sgalled' Highway Ejineers that design these rouallouts actually ride
9 along, or better yet attempt to drive a class 8[frailer truck ?]through the road
hazards they have designed. They néRBéal World Experienéglt cant be done sitting
in a building.
I would like to see the ability to have blockages in the middle ahmtrol could remove
10 to travel through themif the radius was 135' or greatebDo rot put them on state
corridors so we do not limit commesgc
11 Make the lanes wider in the roundabouts.
Keep designs free of shrubs, curbs, rocks and signs, and anything that hinders the
12 lowboys and other specialized equipment that is currently used to move today's (
[OSOWrELargo.
13 Wider lanesvhen requiring OSOW loads to follow traffic flow to right.

Note: Only minor editing for grammar and spelling was performed for responses for clarifiéatyon.

words in brackets [ ] were added by the author.
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3.3.4Experience with Different Aspects of adendabout

Table3.5s ummari zes the respondentsd experience

for different category of hauler.was observed that the OSOW haulers either had a serious
problem orsome existing problem which is not so serious agg@oach, circulatory roadway,

and departure of the roundabout.

3.3.5Roadwaythrough the Roundabout

Figure3.3 summarizes the Question 20 responses from OSOW hémid¢he question
fiHow beneficial would it be if loads could go straight through a robowta if a removable
barrier is in place to prevent other vehicles from doin@ d€6i@ure3.4 summarizeshe
responses fro®@SOW haulersor the questioiHow beneficial would it be if loads could go
straight through a roundabout, if the pathway wouldffget so the entrance would line up with
the left approach (where the driver would have to moteloe | ef t | ane ltien t
encouraging to note the majority of OSOW respondents answered that a road through the
roundabout would be somewhatwery beneficial. This concept is widely used in Europe and it
should be given more consideration in U@ This strategy wadesigned and it idiscussed in
Chapter 4.

Table 3.5 RespondentsE=xperience with Different Aspects of aRoundabout

Problem Exists but not
Feature of a | Serious Problem Exist: S0 Serious No Problem
Roundabout Non Non Non
All | OSOW 0SOW All | OSOW 0SOW All | OSOW, OSOW

The Approach | 15 7 7 19 6 11 17 3 14
U CIETETE) . - 12 | 18 4 13 7 0 7
Roadway
The Departure | 15 6 8 27 9 16 9 1 8
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Figure 3.3 Summary of OSOW Haulers Responses to the Question "How Beneficial Would
it be if Loads Could go Straight Through a Roundabout, if Removable Barer is in Place

to Prevent Other Vehicles from Doing So?"

8 7

7 6

67 5

5 -

4 -

3 B Number of Respondents

2 I

1 -

0 - T |
Not Beneficial Somewhat Very Beneficial

Beneficial

Figure 3.4 Summary of OSOW Haulers Response to the Question "How Beneficial Would
it be if Loads Could go Straight Through a Roundabout, if the Pathway Would be Offset so
the Entrance Would Line Up With the Left Approach (Where the Driver Would Have to

Move to the Left Lane on the Approach)?o0

10
8
8 -
6
6 _
4

4 B Number of Respondents
2 -

U -

Not Beneficial Somewhat Very Beneficial
Beneficial

3.3.60SOW Loadsaving Problems Negotiating a Roundabout
Figure 35 summarizes the OSOW haulers responge toe g u Bosyburemave andi
replacehighwaysigns, or any othenighwayfeature yowonsider arobstacle, andeplace them
afterpassing® . I't was o0bs e®SO8hauters regponBetl & the durvely teraove
or replace highway signs, or highwfeature to pass through a roundabout. Figue 3.
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summari zed the OSOW h aulAethereplacesswharenysuearet o t he (¢
permitted tohold traffic andtravel in thewrongdirection tocontinue toward youdestinatiom . It

was observed th&3% of the OSOW haulers responded to the survey that thegrangted to

hold traffic andtravel in thewrongdirection tocontinue towardheir destination

Figure 3.5: Summary of OSOW Haulers Responsetb he Questi on, fADo you
Replace Highway Signs, or any other Highway Feature you Consider an Obstacle, and
Replace them after Passing?o

8

B Number of Respondents

O~ N~ N N 0 0 0

Figure 3.6: Summary of OSOW Haulers Response to the Question A" Ar e t her e Pl ac
where you are Permitted to Hold Traffic and Travel in the Wrong Direction to Continue

toward your Destination?

B Number of Respondents

L3OO N~~~
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3.4 Building StatewideFreight Networks

This objective of this task was to investigate strategies, recommendatiogsideiihes
to build statewide freight networks for large truck and necessary OSOW needs, and then
recommend state policy.

This objective will be achieved by reviewing documented information on developing
freight networksstatewide Based on the literatureview, the best recommendations are
suggested for building a freight network for effective freight movement and at the same time

build corridors that can accommodate OSOW movements.

3.4.1 Statewide Freight Plan Template

Freight transportation issues rhigoe complex as they involve many stakeholders who
have different views for understanding and solving the challenges of freight transportation
industry @3) . FHWA has published a AStatewide freigl
department of transpiations (DOTSs) for building their freight plan, or incorporating freight
elements into their statewide transportation p8). (Various aspects such as safety security,
economic development, mobility, and environmental impacts should be addressed by state
freight planning template2@). Integrating freight in statewide planning process or developing a

separate statewide fréigplan is importation because

1 fincreasing globalization and a corresponding economic (national, state, and local)
dependence on panding supply chains and transportation reliability (water, air, rail,
highway, and pipeling)

1 recognition by business leaders at all levels that efficient freight transportation is a key
factor in economic (national, state, and local) competitivenessitatitly,

1 heightened awareness from both private and public sectors that investment from both are
needed, if not required, to meet increasing freight transportation denaawads

1 increasing demands for transportation among both passenger and freigistsnter
creating stress on the transportation system, resulting in congestion and bottlenecks in

key locations detrimental to productividy 23]
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The gatewide transportation planning process requires the state to develop and use a
documented public involveemt process which provides the public an opportunity to review and
comment on key decision poin®&3]. Timely information regarding transportation issues and
decisionmaking processes should be provided to citizens, affected public agencies,
representaties of public transportation employees, freight shippers, private providers of
transportation, representatives of users of public transportation, representatives of users of
pedestrian walkways and bicycle transportation facilities, representatives tgahked,
providers of freight transportation services, and other interested pagjes (

Private sector carriepgovidealmostall the freight service locally, nationally and
internationally and therefore private sector stakeholders are consideredlastde resource to
identify regional, statewide, and multijurisdictional challenges and influence transportation
programming and investment decisions by local and state decision makers in the overall
statewide and metropolitan transportation plannirngess 23).

Various freight stakeholders that need to be engaged from a state or netjide i
1 shippers

carriers

terminal operatots

economic development agengies

seaport and airport authorities

state and local governments and other public agencies

receivers (stores, industry, efc.)

distribution centers/warehousing representatiaes

=4 =2 4 A4 A4 A A -2

commercial and industrial developef23)

Engaging private seate® may need activities such as

conducting focus groups with private sector stakehaolders

conductiry interviews with private sector stakeholders

holding conferences/meetings/workshops with private sector stakeholders

implementing a freight advisory council

= =2 4 A -2

exchanging dataand
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1 implementingthe plan (ask them to help make it a reali(2p)

Engagimy private sector stakeholdeasida public sector that includes metropolitan
pl anning organizations (MPOOGs), regional port
county, state, and federal entities that include enforcement and emergencysedpgss: key

role in efficient operation of the freight syste®3).

3.4.2Western Minnesota Regional Freight Study
This studywasconducted to better understand the freight demands on regional transportation
infrastructure and provide a frameworkaddress the goals such(24):

1 Study the regional and local issues not captured in previous freight transportation
study/planning attempts, including freight issues specific to region.

1 Document the existing freight transportation system in Northern Mata&s Wisconsin,
and Western Minnesota and identifying significant existing and projected needs,
bottlenecks, infrastructure and regulatory issues, and other constraints in the regions
freight transportation and their implications.

1 Industry and regiospeific issues related to freight transportation and their solutions
were identified.

1 Planning for improvement of freight region specific movements and strengthen freight

considerations in public planning and investment decisiaking.

3.4.2.1Summary ofRecommendations Developed for the Western Minnesota Freight Study
Regional Freight Advisory Committee

A Regional Freight Advisory Committee (FA@gasformed with an intention to create
bi-state advisory committee with public representatives from a yarieétansportation planning
authorities and private sector representatives from a variety of industry and modes work for a
common goal of improving regional freight mobil{4). The egional FAC would be helpful to
facilitate strategic information exchge and coordination among regional business leaders and
other diverse freight stakeholders regarding freight needs and potential solutions for building
better transportation systegi24).
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Figure 3.7: Tiered truck RoadwayNetwork for Northern Minnesota & Western Wisconsin
and Western Minnesota
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DesignatedTiered Truck Network
The existing designated highway systemisen combined togetheesulted ima large
system which could not provide any investment guidance. Therefoeeedroadway network
was developed that highlights the roadways that are most important to truck(24ftfideavy
commercial annual average daily traffic (HCAADT) is anraate of total number of vehicles on
any given day of a year using specific segment of roadway with at least two axles and six tires
(24). Roads on the highway network with HCAADT greater than 650 were categorized as Tier 1
truck network, HCAADT between 3(nd 650 were categorized as Tier 2 truck network, and
HCAADT less than 300 are categorized as Tier 3 truck net¢@#k Figure3.7 shows the
Northern Minnesota & Wisconsin freight plan and Western Minnesota freight plan categorized
according tahe thrediersof truck network. This categorization helps in understanding that the
toptwo tiers having the highest priority for future investment. Therefore heavy vehicle
characteristics on each tier were used to identify the design criteria of each tiedarstand
the network deficiencies.
Designated SupeHaul Corridors for Permit Operations
Minnesota DOT provides permitting of oversized overweight loads on trunk roadways
throughout the state for manufactwand/or business within the statkich areable to ship
large equipmen24). iiSuper corridor rout@sare identified as certain routésatare being used
by oversized and overweight loads frdme Duluth port to other areas of the stated these
routes should be considered for planning improveméngure3.8 shows the super corridor
route map that can support a 166x166x130086 env
Recommendations provided to improve the efficiency along the super corridor routes that
provides shipper/trucker a reliable route te wden hauling oversize loads §24):
1 four main parameters such as weight, width, length, and height were addressed when
permitting oversized overweight loads
9 superhaul corridors were designed in such a way that roadway could accommodate a
loaded vehia with 16foot height limit, a 1§oot width limit and a &oot wide axle,
and a 136doot length limit and a 235,000 Ibs weight lipnit
1 diamond interchanges were preferred on selected routes as they as they allow for easier

movements for ovesize load$rom one roadway to other roadway
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1 roundabouts should not be considered on identified dugdrcorridors, (note that the
author of this dissertation does not agree with this recommendation as it is shown in other
places in this dissertation that oveeslaads can be accommodated on super corridor
routes if they are known), and,

1 counties/cities should provide adequate information about the road closures along the

route with at least two week notice.

Figure 3.8: Super Haul Corridor in Minnesota
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3.4.3 Accommodating Oversize & Overweight Loads

TheTexas Transportation Institu(@Tl) conducted a studékccommodatiof Oversize
& Overweight Loadso identfy the most common OGSW weight groups, criteria for assigning
these OS/OW gups to existing road networkand criteria for asgning current and projected
OSOW groups to the future road netwd@6). The research team gathemaxtyears of historical
permit data from FY2004 to FY2009 which included information such as route
origins/destinations, load dimensions, weights, axle configuration, and load desc(@Hons
The researckeam hasnapped the gathered permit routes on their state highway netgiack
aGIS environment so that they can understand how various groups of OSOW loads travelled on
their state highway network. Glsased analysis also helped to understand how permanent
restrictions impacted the route choices of OSOW I|¢28s
Figure 3.9: Primary/Alternative OS/OW Routes in Texas
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Source: Accommodating Oversize & Overweight Lo&s (
Figure 39 shows the Texas statewide map with primary/alternative OSOW route

network for the most commmoorigins and destinations. It was concluded that usage of the non
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optimal OSOW routes has resultecaimadditional 290 million tormiles of activity on the state
highway network due to primary to physical restrictions and for six year study pleeioah-

miles totaledmore than 1.7 billior§25). On annual bases, the additional O& tonmiles have
resulted in about $42 to $73 million of additional cost for shippers and the public and a total of
about $250 to $438 million loss during the study periodof/sars(25).

3.44 Conclusiors

A good starting point for building and effective state freight network would be following
the guidelines mentioned in ttatewidd-reight Plan Templatedescribed in Section 3.4.1
which strongly supports incorporating fjet elements in statewide transportation planning
process TheWestern Nhnesota Regional Freight Studgrves as an excellent reference to build
and develop effective freight network by classifying the roadway network into various tiers and
effectively plan for future investment at high priority roadways to benefit and develop the freight
movement and therefore help for regional economic development.

However, the Western Minnesota Regional Freight Study suggests that roundabouts
should not to be used super haul corridors. This might be their decision due to lack of
information on ways to effectively accommodate OSOW loads at roundaboutslisEgdation
addresseall the problems OSOW vehicles have at roundabants illustrate designs to
accommodte themand thereforeroundaboutshouldnot bearestriction for OSOW
movement. Also, from section 3.1.6 (survey 2 results), it can be understood that 60% (30 states)
of the survey 2 responding US S$sahave roundabouts on state or4stete routes owhich
OSOW vehiclegan be routed. Similarly, 48% (24 states) of survey 2 responding states take
OSOW routes into consideration when planning or designing a roundabout and 34% (17 states)
do not take OSOW routes into consideration when planning or degignoundabout. It can be
noted from survey 4 results that OSOW haulers input for highway design is very valuable for
understanding their needs and effectively building freight networks for OSOW movements.

It can also be understood from the TTI stuelyiewedin section 3.4.3 keeping the
strategiaoutes operior OSOW loads is very impdant for minimizing the rerouting loadsd

therefore saving many dollars.
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Chapter 4 - Roundabaut Designs

This chapter deals witfpenerating roundabodesignghat address mosf theconcerns
reported above in chapters 2 andio typicalurban and ruraloundabout intersections to
accommodate all reported types of large trucks and where necessary, OSOW
configurations/combinationd he roundabout intersectiomgregeneratedn two categories,
urban roundabouts and rural roundabouts respectiVieg/objective for the urban roundabout
analysis was to modify designs that were designed using-&Wisign vehicle, as used for
most urban roundabouts, to accommodate-6VB where acessary. The objective for the rural
roundabout analysis was to modify designs that were designed usingsd @43ign vehicle
(recommended by the author for roundabouts on state highways) to accommodate OSOW
vehicles.

Urban roundabouts designs weevédloped considering/B-50 as the design vehicle,
which is thecommon largest vehicle expected at urban intersectiomisss on a known state
freight route These designed urban roundabouts were modified in such a way that they could
accommodatéruckslargerthan WB50 that occur infrequently.

Rural roundabouts designs were developed considehiviB-67 as the design vehicle,
which is acommon vehicle expected at rural intersections. These designed rural roundabouts
were modified in such a way that theyuld accommodate oversize/overweight vehicles that
occur infrequently.

TORUS software was used to generate roundabout designs based on specific design
vehiclesin this chapter. Later, trucks larger than the design vehicle that can be expected at the
various roundabout configurations were determined and AutoTURN software was used to
determine the space requirements based on the vehicle swepnuttienthe TORUS
roundabout desigwasmodified. AutoTURN is a computeaided design (CAD) vehicle turn
andswept path analysis software used to evaluate standard design or specialized vehicle
maneuvers for all types of roadway, highway, and site design projects following the guidelines
from AASHTO for turn radii, transition curves, sugaevation, and laterdtiction (26). TORUS
is a CADbased software for designing modern roundab@ns (
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4.1 Urban Roundabouts

This study considereand designethe most common roundabout intersections on urban
roadsand then modified the roundabout designs for trucks langerthe design vehicle
Roundaboticonfigurationssuch as singkane roundabout and a douliéene roundaboutvere
considered for this study. For each configuration, roundabout types such as a typical symmetric
3-leg roundabout, a-Bg roundabout at @ intersection, and a typicatlég roundabout were
considered. A symmetricligg roundabouvasconsidered for singiane urban roundabout as
the possibility of Seg roundabouts igreaterin urban areas. A-feg roundabouivas not
considered for a ddule-lane roundabout as the design might vary according to site specific
conditions and vehicle volume and capacity for each leg.

According to NCHRP Report 672, the latest roundabout guide, AASHTO designation
WB-50 is considered the most common designaletior urbanintersectiong1). Therefore,
WB-50 was used as a design vehicle to generate the roundabout design and truck apron design
using TORUS softwardt was found fronthe K-Statepooled fundstudy(2) that WB-67 was
one of the common design veldslon the state highway systand themost common vehicle
for freight transport?). Therefore, it was determined to modify the roundabout designs
generated using WABO as a design vehicle such that they could accommodate the right turn,
through, and lefturn movemenof WB-67 that can possible occur very infrequeniliye
roundaboutlesign generataasing WB50 as the design vehiokgas then used for conducting
swept path analysis (using AutoTURN) of the V8B for right turn, througland left turn
movemats. Based on th@mulatedire tracksgenerated by AutoTURNor all possible WB67
movements from all approaches, an outer truck apron, custom center islandtandtouck
apron were analyzeid develop the desigof the roundabout which woultcommaate WB67

movements.
4.1.1Single-Lane Urban Roundabouts

4.1.1.1Single-Lane Symmetric d.eg Roundabout
According to NCHRP Report 672, the latest FHWA roundabout gajj&\(B-50 is
commony thelargest vehiclaisingurban intersections. Therefore \AHB wasconsiderec

design vehicle for building af@g symmetric urban roundabout in this study. This means that the
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roundabout must accommodate right turn movement, through movement, left turn movement,
and Uturn of WB-50 from any approach. According to NBP Report 6721, a singlelane
roundabout with WB50 design vehicle has an inscribed circle diam@gd) range of 105 to

150 ft and dCD of 120 ft was selectecindomlyfor the studyHowever, itshouldbe noted that
aroundaboutn an urban settingas more chances than intersectiomasinsufficient space for
constructiorof a roundabouttherefore larger diameters might not laevorkable option in
thesecases. Also, as the ICD increases, the vehaiesble to drive through the roundaboat
increased speedsegating some dhe safetybenefits attributed to low spee@herefore an ICD

of 120 ft was arbitrarily chosen rather than choosing the upper limit ICD of 150 ft.

TORUS softwarevas used to construct a sindggme 3-leg, symmetic urban roundabout
with anICD of 120 ft, usinga WB-50 design vehicleTo accommodate various movements of
theWB-50 design vehicle, a 9.36 ft center island truck apron was also designed for the
roundabout. Figurd.1 shows singklane 3leg symmetric than roundabout generated using
TORUS software.

Figure 4.1: Single-Lane 3-leg Symmetric Roundabout with 120fiCD and 9.36ft Center
Island Truck Apron

- Center Island Truck Apron

Approach 2

Approach 1

[— @120t

HW\.

Entry Lane Width: 12.5 ft

Exlt Lane Width: 12,5 ft

Entry Width; 15,8 fi

Clrculatory Roadway Width: 18.42 ft

Truck Apron Width: 9.36 ft

Approach 3

Developing the designs for the roundabouts in¢hépter deals with simulatingarious
movements (right, through and left) of either a WBor WB-67 vehicle and modifying the

roundabouts design based on vehicle envelppg o met i mes cal l ed O6swept
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important to understand various colmes in an AutoTURN vehicle simulation. Figute

shows and explains the vehicle simulation in detail with example right turn simulation-60WB
and WB67. From Figuret.2, it has to be understood that the area in between the BLUE color
line is the vaicle envelope (swept path) and the PURPLE color line is the path traversed by the

vehicle.

Figure 4.2: Understanding a AutoTURN Vehicle Simulation

WB-50 Vehicle: Right Turn Simulation in AutoTURN
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Figure 4.3 shows a sample AutoTURN right turn simulatiba WB-50 from approach 3

to approach 2, and a left turn simulation of a \BBfrom approach 2 to approach 3. As the

vehicle used is the design vehicle, it can be observed in Figure 4.3 that these simulations were

accommodated inside the designed roundalt

and

donot

need

any

However, the current roundabout (shown in Figures 4.1) will be used to be modified for

accommodation of a vehicle that is bigger than the-5UB

Figure 4.3: Example Right Turn and Left Turn Simulations of the Design Vehicle, WB50

Approach 2
- Center Island Truck Apron

Vehicle Body Envelope
Vehicle Path

Approach 1 /

Approach 3

Generally, in urban areas, though most roundabouts are designed feb@, \tiie to

possible freight activity, the roundabout might need to accommodate the most common truck

WB-67 that may occasionally encounter the roundabout. Therefore-@¥8considered as a

vehicle (not design vehicle) that may occur infrequently at the roundabout and needs to be

accommodated at the roundabout. AutoTURN right turn simulation and left touhasion of a

addit

WB-67 are conducted for each approach of the roundabout to determine the space requirements

needed for a WE7 at the roundabout. Figure 4drt A shows an example right turn simulation

of a WB-67 from approach 3 to approach 2 and an exatafilaurn simulation of WB67 from

approach 2 to approach 3.



Figure 4.4. Example Right Turn and Left Turn Simulation of WB -67 and Developing

External Truck Apron and Custom Center Island Truck Apron

- Center Island Truck Apron)
Custom Truck Apron

m Outer Truck Apron

Vehicle Body Envelope
Vehicle Path

U7\

\.._\‘
Approach 1 \

It can be observed from part A of the Figdré that there is a need for more space to
maneuvefor the example right turn and left turn simulation®0¥B-67. Therefore, the
roundabout is modified with outer truck apr@urple)and custom center islarfigreen)to
accommodate these movements as shown in part B of Hgurehe outer truck apron and
custom truck apron are determined based on the tire tracks of the turning movertresifg®{

67 vehicle from all approaches. Based on the right turn anditaftiovements of WB7 from

all approaches, a final modified design of the roundabout was generated and shown h.%igure
This final design of a 3eg symmetric roundabout has a custom central island truck apron with
minimum width 8.83 ft and maximum dth 16.34 ft and it has outer truck apron with varying
widths as shown in Figueb. In this and subsequent examples, it is assumed that to be a
practical solution, there is enough space in the intersection to allow for the necessary outer

expansion.
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Figure 4.5: Final Modified Design of Single-Lane Symmetric 3Leg Roundabout

Custom Truck Apron Approach 2

m Cuter Truck Apron

Approach 1
.- \ @120t
[ : ~ .
\ ~Custom Truck Apron Width; 16.34 ft

Entry Lane Width: 12.5 ft

Exlt Lane Width: 12.5 ft

Entry Width: 15.8 ft

Clrculatory Roadway Width; 18.42 ft

ustomn Truck Apron Width: 8.83 ft

Approach 3

4.1.1.2Single-Lane 3Leg Roundabout at Jintersection

For building a singldane 3leg roundabouatan urban T-intersectionan ICD of 120

ft was selectebllowing guidelines iNCHRP Report 6721) and a WB50 was used as a

design vehicleTORUS software was useddesign the roundabout with specified parameters

and is shown in Figure 8.To accommodate variousovements of th&/B-50 design vehicle, a

9.36 ftcenter island truck apron wessigned for the roundabout.
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Figure 4.6: SingleLane 3-leg Roundaboutat T-intersectionwith 120ft ICD and 9.36ft

Center Island Truck Apron

- Center Island Truck Apron Approach 2

]

@120 ft
N\

Approach 1

Entry Lane Width; 12,5 ft

Exit Lane Width: 12,5 ft

Entry Width: 15,8 ft

Clreulatory Roadway Width: 18,42 ft

Truck Apron Width: 9.36 ft
Approach 3

The roundabout shown in Figudes will be used as the basic desigrillustrate
modificationfor accommodatig thelargerWB-67. AutoTURN right turn simulation and left
turn simulation o WB-67 wereconducted for eactparoach of the roundabout to determine
the space requiremerfts theWB-67 at thedesignedoundabout. Based on tkenulatedright
turn and left turn movements alWWB-67 from all approaches, a final modified design of the
roundabout was generated andwh in part A of Figure4.7. The shape odicustom central
islandwould beirregular and so auitable circular central island was chosen as a besssfit
shown in part B of Figurd.7. The finalcompositedesign of the singlane 3-leg roundabouat

the T-intersections shown in Figurd 8.
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Figure 4.7: Designs Generated to Accommodate WHB7 at Shgle-Lane 3-leg Roundabout

at T-Intersection

Approach 1

A Approach 2 B Approach 2
120 @120ft \
Approach 1 ' o .

I‘u

Approach 3
' Approach 3

Figure 4.8: Final Modified Design of SingleLane 3-Leg Roundaboutat T-Intersection

. Custom Truck Apron Approach 1
- Outer Truck Apron 1201t e
283.15ft

@53.18ft
Approach 1

Entry Lane Width; 12,5 ft

Exit Lane Width: 12,5 ft

Entry Width: 15.8 ft

Circulatory Roadway Width: 18.42 ft

Approach 3

4.1.1.3Single-Lane Typical 4Leg Roundabout
Fordesigninga singlelang 4-leg symmetriaurbanroundaboutan ICD of 120 ft
and a WB50 design vehicla&vasusedwhich in accordance witguidelines ilNCHRP Report
672(1). TORUS software was useddesign the roundabout with specified features and is
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shown in Figure 4. Toaccommodate various movements of WiB-50 design vehicle, a 9.36ft
center island truck apramas designed for the roundabout. Figdi®&showsthesinglelang 4-

leg symmetriaurbanroundabout generated using TORUS software.

Figure 4.9: Single-Lane 4-leg Symmetric Roundabout with 120fiCD and 9.36t Center
Island Truck Apron

- Center Island Truck Apron Approach 2

@1201‘t

Approach 1 Approach 3

f(

Entry Lane Width; 12.5 ft
Exlt Lane Width: 12.5 ft
Entry Width: 15.8 ft
Circulatory Roadway Width: 18.42 ft ““ m

1
1.].1\ i

Approach 4

The roundabout shown in Figu4ed will be used to illustrate changés
acconmodating a largeMB-67. AutoTURN right turn simulatios, through movement
simulatiors, and left turn simulatiosiof WB-67 wereconducted for each approach of the
roundabout to determine tN&B-67 space requirements tife roundabout. Figu#9 shows an
example right turn simulation from approach 1 to approach 4, and left turn simulation from
approach 4 to approach 1. Basetdthe right turn, though, and left turn movementhefVB-

67 from all approaches, a final modifjembmpositedesign of the roundabout was generated and

shown in Figuret.1Q
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Figure 4.10: Final Modifi ed Design of Singld_ane 4-Leg Symmetric Roundabout

Custom Truck Apron A ho ustom Apron Width: 14.78 ft
N | Approac
[l outer Truck Apron : ustom Apron Width: 18.82 ft

@1201t

Approach 1 Approach 3

Entry Lane Width: 12.5 ft

Exit Lane Width: 12,5 ft

Entry Width: 15.8 ft

Circulatory Roadway Width: 18.42 ft

Approach 4

4.1.1.4SingleLane Symmetric 5.eg Roundabout

For designing a singllane, 5leg symmetric urban roundabout, an ICD of 120 ft
and a WB50 design vehicle was used which in accordance with guideliféSHRP Report
672 (). TORUS software was used to design the roundabout with specified features and is
shown in Figure 4.11.

A right turn simulation, through movement simulation, and two left turn simulations
were made at this roundaldaisingthe WB-50 design vehicle. These simulations are shown in
Figure4.12with right turn simulations from approach 4 to approach 3, through movement
simulations from approach 3 to approach 1, left turn simulations from approach 2 to approach 4,
and ldt turn simulations from approach 5 to approach 1. It can be observed that an example right
turn simulations shows a need forouter truck aprorwhereas the through movement and two
left turn movements were completely accommodated ibdlsee roundabduwesign. Therefore
an outer truck apron is needed for this roundabout in between every two approaches to
accommodate the right turn movement of a design vehicle assumag énter from all
approaches.
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Figure 4.11: Single-Lane 5-leg Symmetric Roundabout with 120fiCD and 9.36ft Center
Island Truck Apron

- Center Island Truck Apron Approach 2

8120.0000\

Approach 1 O

Entr.y Lane Width: 125t Approach 4
Exit Lane Width: 12.5 ft
Entry Width: 16.5 ft 1]}
Circulatory Roadway Width: 18.42 ft Approach 5

Approach 3

Iy

Truck Apron WiIdth: 9,36 ft

Figure 4.12: Example Right Turn Simulation, Through Simulation, and Left Turn
Simulations of WB-50 at the SingleLane 5leg Symmetric Roundabout

Approach 2

Approach 3

- Center Island Truck Apron
m Outer Truck Apron
Vehicle Body Envelope
Vehicle Path

Approach 1
Approach 4

Approach 5

The roundabout shown in Figure 4.11 willled to illustratenodifying to

accommodatéhe largetWB-67. AutoTURN right turn simulatios, through movement
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simulatiors, and left turn simulédns ofaWB-67 were conducted for each approach of the
roundabout to determine the space requiremertteed¥/B-67 t. Figure 4.13 shows a right turn
simulation ofaWB-67 from approach 4 to approach 3, and a left turn simulation cgEWi8om
approach 3o approach 4. Based on the right turn, though, and left turn movemeng67

from all approaches, a finabmpositemodified design of the roundabout was generated and
shown in Figure 4.14.

Figure 4.13: Example Right Turn and Left Turn Simulation of WB -67 at SingleLane 5
Leg Symmetric Roundabout

- Center Island Truck Apron
m Outer Truck Apron
Vehicle Body Envelope
Vehicle Path

Approach 3 ///
Approach 2 /s

o1 20.0000\ '

o

Approach 1

Approach 5
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Figure 4.14: Final Modified Design of SingleLane 5Leg Symmetric Roundabout

Custom Truck Apron

Wl Outer Truck Apron

___-—Custom Apron Width: 17.67 ft

_~Custom Apron Width: 19.90 ft

Approach 1
Entry Lane Width: 12,5 ft
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Truck Apron Width: 9,36 ft &

“_ Approach 4

4.1.2Two-Lane Urban Roundabouts

4.1.2.1Double-Lane, Symmetric 3Leg Roundabout

For building a doubkane, 3leg symmetric urban roundabout, a V8B was considered
the design vehicle. According to NCHRP Report 6I)2 4 twaelane, roundabout, using a WD
design vehicle, would & an ICD range of 150 to 220 ft, thus an inscribed circle diameter of
200 ft was arbitrarily selected for the study. Again, TORUS software was used to construct a
basic, doubldane, 3leg, symmetric, urban roundabout with an inscribed circle diamef90of
ft using the WB50 design vehicle and is shownHigure 4.15. To accommodate various
movements of the W0 design vehicle, a 5.27 ft center island truck apron was designed for the
roundabout. The roundabout shown in Figure 4.15 will be used toali@shodifications for

accommodating a WB7.

AutoTURN, right turn simulations and left turn simulations of a-\8/Bwere
conducted for each approach of the roundabout to determine the space requirements6f a WB
as the WB67 was conslered as a vehicle using the intersection infrequently. It was assumed
thattheWB6 7 vehicle can use all of the two | anes
roadway, and exit approach, to safely maneuver without a need for extra truck aprom4Higu
shows a right turn simulation of a W& from approach 3 to approach 2, and a left turn
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simulation of a WB67 from approach 2 to approach 3. It was observed that the right turn,
through and left turn simulations of tiéB-67 do not need any extefrieuck apron or
additional internal truck aproiThereforethe finalcompositemodified design of the double
lane, symmetric, -8eg urbanroundaboutising awB-67 design vehicles the same as the initial

roundabout design using a WB0 design vehicle ahis showrFigure 4.17.

Figure 4.15: Double-Lane Symmetric 3-leg Roundabout with 2®@ft ICD and 5.27ft Center

Island Truck Apron

- Center Island Truck Apron Approach 2
@200 ft \
Approach 1
=4
£

Number of Entry Lanes for Each Approach; 2
Number of ExIt Lanes for Each Approach: 2

Entry Lane Width: 11,5 ft, 11,5 ft

Exit Lane Width: 11.5ft, 11.5ft

Entry Width: 28.8 ft

Circulatory Roadway Width: 30.30 ft Approach 3
Truck Apron Width: 5.27 ft
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Figure 4.16: Example Right Turn and Left Tur n Simulation of WB-67 at DoubleLane
Symmetric 3-Leg Roundabout

Approach 1

mzaﬂ\ =

- Center Island Truck Apron
Vehicle Body Envelope
Vehicle Path

Figure 4.17: Final Design of DoubleLane Symmetric 3Leg Roundabout

- Center Island Truck Apron
Approach 2

QQOO.UOOU—\

Approach 1

Number of Entry Lanes for Each Approach; 2
Number of Exit Lanes for Each Approach: 2
Entry Lane Width: 11.5 ft, 11.5 ft
Exit Lane Width: 11,51, 11,5 ft
Entry Width: 28.8 ft
Circulatory Roadway Width: 30.30 ft Approach 3

Truck Apron Width: 5.27 ft

4.1.2.2Double-Lane 3Leg Roundabout at Tintersection
For building a doubldane, 3leg urban roundabout at aifitersection, an ICD of 200 ft
was selected in accordance with NCHRP report @yarfd a WB50 was used as a design
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vehicle. TORUS software was used to designed the roundabout with specifizdSeatd is

shown in Figure 4.18. To accommodate various movements for thBOMBsign vehicle, a 5.27

ft center island truck apron was designed for the roundabout. The roundabout shown in Figure
4.18 will be used to demonstrate modifications for accodatiog a WB67. It was observed

that the right turn, through and left turn simulations of the-8VBlo not need any external truck
apron or additional internal truck apron. Therefore the fo@hpositemodified design of the
double lane 3eg urban randabout at dintersection designed for W87 is the same as the

initial design and is shown in Figure 4.18.

Figure 4.18 Double-Lane 3-Leg Roundabout at T-Intersection with 220 ft ICD and 5.27 ft

Truck Apron

- Center Island Truck Apron

Approach 2
it

@200.0000—\
Approach 1

Number of Entry Lanes for Each Approach: 2
Number of Exit Lanes for Each Approach: 2
Entry Lane Width; 11.5 ft, 11.5 ft

Exit Lane Width: 11.5f, 11.5 ft

Entry Width: 28.8 ft

Circulatory Roadway Width: 30.30 ft

Truck Apron Width: 5.27 ft

Approach 3

sis

4.1.2.3Double-Lane Typical 4Leg Roundabout

For building a doubléane, typical 4eg urban roundabout, an ICD of 200 ft was
selected, in accordance with NCHRP report @jza0d a WB50 was used as a design vehicle.
TORUS softwaravas used to construct the roundabout with specifications and is shown in
Figure 4.19. To accommodate various movements of theb@/@esign vehicle, a 5.27 ft center
island truck apron was designed for the roundabout. The roundabout shown in Figurdl4.19 wi
be used to demonstrate modifications for accommodating &YVBt was observed that the

right turn, through, and left turn simulations of the WBdo not need any external truck apron
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or additional internal truck apron. Therefore, thelficamposie modified design of the double
lane 4leg symmetric urban roundabout designed for-@/Bis the same as the initial design and

is shown in Figure 4.19.

Figure 4.19: Double-Lane 4-Leg Symmetric Roundabout with 220 ft ICD and 5.27 ft Truck
Apron

- Center Island Truck Apron Approach 2

/-9200.0000

Approach 3

Approach 1

Number of Entry Lanes for Each Approach: 2
Number of Exit Lanes for Each Approach: 2
Entry Lane Width: 11.5ft, 11.5 ft
Exit Lane Width; 11.5ft, 11,5 ft
Entry Width: 28.8 ft Approach 4

Clrculatory Roadway WIdth; 30,30 ft

Truck Apron Width: 5,27 ft

4.1.3Summary of Urban Roundabout Designs

Roundabout desigrier each configuration (singliene and doublane), and for each
roundabout type (a typical symmetride®) roundabout, a-2g roundabout at a T intexd®on,
and a typical 4eg roundabout), were considered for this study. It can be observed for all
roundabout types with a singl@ne roundabout configuration, the roundabout designs generated
using design vehicle WA30 and 120ft ICD have yielded a caanst truck apron width (9.36 ft),
constant entry lane width (12.5 ft), constant exit lane width (12.5 ft), and constant circulatory
roadway width (18.42 ft). However, the entry width for a typical, symmetigg 3oundabout, a
3-leg roundabout at a T inwction, and a typicalkg roundabout needed to be 15.8 ft, and the
entry width for symmetric, heg roundabout needed to be 16.5 ft. Similarly, it has been
observed for all roundabout types in theldie-lane roundabout configuration, that the

roundabotidesigns generated using the Y88 design vehicle and 200ft ICD have resulted in a
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constant truck apron width (5.27 ft), a constant entry lane width (11.5 ft), a constant exit lane
width (11.5 ft), a constant entry width (28.8 ft) and a constant cireylad@adway width (30 ft.).

To safely accommodate a W& vehicle at different types of roundabout in a siigte
roundabout configuration (when initially designed with a \MBdesign vehicle), it can mted
that implementation of external truck aprpimgreasing the width of internal truck aprons, and
providing custom center islands were helpful. The width of the external truck apron and internal
truck apron increases as the ICD selected for the roundabout increases. Also, it has been
determined thahccommodating a WHB7 vehicle at different types of roundabouts in a deuble
lane roundabout configuration (when initially designed with a-B@Blesign vehicle) do not
need any additional space requirements as long as thé@ A¥Ballowed to use the twonles on
the approach, circulating roadway, and exit of the roundabout. Table 4.1 provides the summary

of the designs developed for various roundabout settings in an urban environment.

Table 4.1: Summary of Designs Developed for Urban Roundabout Setting

SingleLane Roundabout (120 ft | Double-Lane Roundabout (200 ft
Roundabout| CD and Design Vehicle WB50) ICD and Design Vehicle WB50)
Type
WB-50 WB-67 WB-50 WB-67
Accommaodation | Accommodation | Accommodation | Accommodation
Sygjlr_r:aztrlc Figure 4.1 Figure 4.4 Figure 4.15 Figure 4.17
3-Leg at T- , . , .
Intersection Figure 4.5 Figure 4.7 Figure 4.18 Figure 4.18
Syérlrjlr_r;e;rlc Figure 4.8 Figure 4.10 Figure 4.19 Figure 4.19
Symmetric . .
5-Leg Figure 4.11 Figure 4.14 NA NA

This study considered and designed the most common roundabout intersections on rural

4.2 Rural Roundabouts

roads using a basic roundabout design with a@¥Rlesign vehicle, and then magiifg the

roundabout designs to better accommodate OSOW movensngsvarious strategies.

Roundaboutonfigurations such as a sindgée roundabout and a douliéane roundabout were
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considered for this study. For each configuration, roundabout types such as a typical, symmetric
3-leg roundabout, a-B2g roundabout a T-intersection, and a typicatlég roundabout were

considered.

According to NCHRP Report 672, the latest roundabout guide, the AASHTO designation
WB-67 is considered the most common design vehicle for rural interse@jofi$erefore, the
WB-67 wasused as the design vehicle to generate the basic roundabout design and truck apron
design using TORUS software. The design generated was then used for conducting wheel path
and swept path analysis with AutoTURN &x OSOW check vehicles (explained belda)
right turn, through, and left turn movements. Based on the simulated wheel tracks for all possible
OSOW check vehiclegheck vehicles arexplainedbelow in section 4.2.1yom all approaches,
an outer truck apron, custom center island and custark épron were analyzed to develop the
design of the roundabout which would accommodate the OSOW movement represented by each

check vehicle.

4.2.10SOW Vehicles used for the Study
Accommodation of OSOW vehicles at the roundabout was checked by consideeielg
path andswept path analysis for a setsik typical OS OW vehicl es, called #dct
The ficheck vehicl eso uWissahsinferetheeVisD@TWFigho ped f or
Operations Sectiowhich had compiled an inventoriile of six OSOW cleck vehicleghat could
be used in AutoTURNThese six clck vehicles were developedrapresent all known
configurations of OSOW that could be expected on US highwageng thesix OSOW check
vehicles used in this study, the 55 meter wind blade, thé wih o wer secti on, and
were vehicles with rear steering capabilltywasassumedhat if this studycan accommodate
thesesix OSOW check vehicleshe same approach can be useddmommodate any OSOW
vehicle. Thesix check vehiclesghown inFigure4.20) that were obtained from the WisDOT
vehicle library are:
1. 55 meter wind blade (Vehicle length=209ft, wheelbase=19.25ft, trailer length=187.5ft),
2.806 mobile home (Vehicle | ength=112.50fTt,
3. 16506 b echiale lehgthE198.83ft, wheelbase=15.33ft, trailer length=48ft),
4. wind tower section (Vehicle length=112.50ft, wheelbase=19.50ft, trailer length=78ft),

79



5. wind tower upper migection (Vehicle length=148.80ft, wheelbase=20.50ft, trailer

length=33.20ft),
6. WisDOT WB-67 long(Vehicle length=103ft, wheelbase=19.50ft, trailer r@3ft).

Figure 4.20: Six OSOW check vehicles from Wisconsin Department of Transportation

Urdts: Frest
.50 4.00 #0.00
L o ' % v .
180 ZLTS 295 55,70
55 meter wind blade NL 80" mobile |
T e Nnolne
Unks: Feet Urits: Fast
48,00 \
o P 165" beam L LT T 21.00 ]
2*! _1n /FH_- 300 70.50
' — ]1%’ = '
280 1530 E J | Y SO
i A .70 151.70 |
- w0 19.50 WisDOT WB 67 long

167,30

== \t:@m% el =

Wind tower section T8SL Wind tower upper mid-section

Source: WisDOT Vehicle Librar{28)

4.2.2Singe LaneRural Roundabouts

For the singldane roundabout configuration, a typic&ymmetric 3-leg roundabout, a-3

leg roundabout at a T intersection, and a typidaigiroundabout were considered. According to

NCHRP Report 6721), the ICD range for sigle-lane roundabouising awB-67 design vehicle
is 130 to 180 ft. As this study deals with OSOW vehicles which are bigger tha@AMBe

upper limit, 180 ft ICD was used ftie singlelane roundabouts.
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4.2.2.1Rural Single-Lane, Symmetric 3Leg Rounddout

Figure2ls hows a sample 90 degree right turn Au

section 78L0 to understand diypidalesynemetticdegi nes of

rural roundabout was designed using TORUS software with a 180 ft ICI/Br@I7 design
vehicle and is shown iRigure4.22-partA. The roundaboutiesigngeneratedKigure4.21-part
A ) was used to conduct right turn, through and left turn movement simulations ofsak the

OSOW check vehicles from all three approaches in malowvay. Each simulation was

conducted in such a way that the front wheels travel around the roundabout like a normal vehicle

and the rear tire impressions were studied if they overrode beyond the roundabout design or onto

the center island, beyond the yiaed truck apron

If the rear tires of an OSOW check vehicle were found using the space beyond the
roundabout design, a truck apron was suggested in suchHnedsuck apron can be a center
island truck apron or an outer truck apron based on the sg@gieements. It was found that,
except for the |l eft turn movement of the
were made possible through the roundabout with a 180 ft ICD.
Figure 4.21: Understanding a AutoTURN OSOW Check Vehicle Simulation in this Study

Wind Tower Section 78L: Right Turn Simulation in AutoTURN

— o
— - —== —

Understanding Colored Lines in a Vehicle Simulation

Vehicle front tire tracks

= Vehicle rear tire tracks
———— Vehicle Path
—————— \Vehicle envelope lines
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Figure4.2 partB,showsai 1 6 56 b e a mo ang op situatipnombile iryimg te  h
maneuver a left turn from approach 3 to approach 1. In this figure, it is noted that the magenta
line is the path of the vehicle, the blue lines represent the front tire tracks, the red lines represent
the rear tire tracks, and the green lines represent the vehicle body clearance. It can also be noted
from the simulation in Figure 422partB, that the reatires travel beyond the design of the
roundabout requiring an outer truck apron to accommodate these kinds of movements. Figure
4.2-partC, shows the design generated to accommodate right turn, through and left turn
simulations of the 6 OSOW check veleis from all approaches, except the left turn, of the
N1656 beamod from all three approaches.

The center island truck apron area, total outer truck apron area, and the total truck apron
area for Figure 42partC, was calculated and presented in Tab In Figure 4.2-partC, a
smal | no pole/no sign area shaded in orange
need a traversable truck apron, but should not have any poles or signs that cannot be removed. If
a sign was warranted in this areaemovable sign installation should be considered.

It can be observed from Figure 2-gartC, that there is a need to construct a large area
of external truck apror2{,491.46ft%), and a fully traversable center island (areir,082.68
ft?). However, he focus of this study is afficientaccommodation of theix OSOW check
vehicles by decreasing the need to provide a large area of truckaayordimeresults are shown
in Table 4.2

Various strategies westudied to design rural roundabouts to bettmommodate
OSOW movements’hese OSOW movements can also be effectively accommodated by certain
unique treatments such as: (Note that traffic control would be required for some movements, but
OSOW are usually escorted vehiglssthis should be no probm)

1) Making the splitter island&ruck tire friendly and fully traversable such that the

OSOW movements can be made more effective by riding over the splitter island if

needed. This means that the traversable splitter islands should not be instalfemlesith

or signs. However, if a sign is warranted, removable signs need to be considered for

installation.

2) When needed, use lanefsboth directions of traffic andplitterisland as approach lane
for the OSOW vehicle.
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3) Allow the left turn maneuvers of OSOWovements in such a way ttiae OSOW
vehicles enter from the right mdane/sideof the approach and travel in the opposite
direction ofnormaltraffic flow without circulating the center islargds shown in
example inFigure 4.3-partA) such that theeed for a large outer truck apron and center
island truck apron is decreased.

4) Allowing the right turn maneuvers in such a way that the vehieer from the opposite
direction of traffic (or left most lane in the approach) at the approach and exaninto

lane such that a minimum truck apron is required.

Figure 4.22. Steps Followed for Modifying the Geometry of SingleLane Typical Symmetric
3-leg Roundabout for OSOW Check Vehicles
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Table 4.2: Center Island Truck Apron Area, Outer Truck Apron Area, and Total Truck

Apron area for Roundabouts Designed for Accommodating 6 OSOW Check Vehicles.

Center Total Outer Total
Roundabout OSOV(;/ . ICD Island Truck Truck Truck
Type Accommodation () Apron Area Apron Apron,
Method ' (©) (i) | Area, (O) (T =C+0)
(ft?) (ft2)
Single-Lane Normal 180 17,082.68 27,491.46 | 44,574.14
Typical OoDT 180 5,200.39 7,657.35 | 12,857.74
Symmetric 3-
Leg ODT & FTCI 180 17,082.68 0.00 17,082.68
SingleLane 3 Normal 180 17,082.68 32,317.78 | 49,400.46
LegatT OoDT 180 11,210.10 17,872.03 | 29,082.13
Intersection ODT & FTCI 180 17,082.68 13,434.93 | 30,517.61
ol Normal 180 17,082.68 60,090.27 | 77,172.95
Single-Lane oDT 180 0,897.40 | 37,859.68 | 47,757.09
Typical 4-Leg
ODT & FTCI 180 17,082.68 26,869.87 | 43,952.55
DoubIQLane Normal 220 16,739.06 11,400.74 | 28,139.80
Typlcql OoDT 220 5,220.08 0.00 5,220.08
Symmetric 3-
Leg ODT & FTCI 220 Not Needed
Double-Lane Normal 220 16,191.73 21,437.10 | 37,628.83
3LegatT OoDT 220 8,080.41 9,230.76 17,311.17
Intersection ODT & FTCI 220 20,343.13 0.00 20,343.13
Double.L Normal 220 19,382.70 41,847.46 | 61,230.16
ouble--ane ODT 220 9,180.60 | 9,536.14 | 18,716.74
Typical 4-Leg
ODT & FTCI 220 20,343.13 0.00 20,343.13
ICD: Inscribed Circle Diameter, ODT: Opposite Direction Travel, ODT & FTCI: Opposite
Direction Travel and Fully Traversable Central Island

Using the above techniques, the OSOW loads can be accommodated in two ways

1) Opposite Direction TravglOD T )
the width of the center island truck apiisrkept the same as the init BlORUS design to

(somet i me $ | o:andHsdedhniue,ount er

accommodata WB-67 design vehicleA right turn for an OSOW vehicle was made in
such a way that it may esrtfrom any lane (same direction traffic or opposite direction
traffic) of the entering approach and exit into any lane of the exiting approach in such a
way that it uses the basprovided center island truck apron widthda minimumouter

truck apronA through maneuver is simulated in a normal way. However, thetirest
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of the vehicleconsiders the circulatory width as the sum of TORUS designed circulatory

width and TORUS designdshsictruck aprorfor a WB-67 such that the need faarge

outer tuck apron isninimized The shape and width of the center island truck ajsron

modified based on theix OSOW check vehicles through moveme#tseft turn for an

OSOW vehicle was made in such a way that it may enter from any lane (same direction

of traffic or opposite direction of traffic) of the entering approach and exit into any lane

of the exiting approach in such a way that it uses the basic, provided center island truck

apron width and minimum outer truck aproAlso, it shouldbe noted that the OW

vehiclesmakea left turn without traversing the center island as shown in FiguBepéu2

A (left turn maneuver of 16 5The dpliter islanfisr om ap

are assumed traversable.

2) ODT and Fully Traversable Center Island (FT@)this technique, the center island is

made fully traversable and the right turn, through movement, and left turn maneuvers

were simulated in such a way that they can completely use the fully traversable center

island to minimize the use of an outer &@pron. For this purpose, the OSOW vehicles

were also allowed to enter from any lane (same direction traffic or opposite direction

traffic) and exit into any lane (same direction traffic or opposite direction traffic) to

decrease the use of an outer trapkon area. The splitter islands are assumed traversable.

Figure4.23-partA, | eft turn maneuver of the A1656 I

1, and Figurél.2Z3-partB, r i ght turn maneuver of the

1650

2 shows an exanpof usingthe ODT method of accommodating the OSOW movements. Figure

4.23-partC, showsthe first design alternative developed (using ODT) to accommodasie all

OSOW check vehicles. Total truck apron area needed is considered a surrogate for roundabout

size needed to accommodate the check vehicles for a given strategy. Iseenflmam Table

4.2 that the need faalarger center island truck apron and total outer truck apron was decreased

by implementinghe ODT method for OSOW accommodation. It vedso found that the need
for atotal truck apron area was decreased by 71.15% (#&8)levhen compared to normal

accommodation.

Figure4.23-partb, | eft turn maneuver of the A1650 I

1, and Figurél.23-part E, rightturmaneuver of the A16506 beamo fro
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shows an example of using the ODT & FTCI method of accommodating the OSOW movements.
Figure4.23-part F;, showsthe second design alternative developed (using ODT & FTCI method

of OSOW accommodationd accommodate all 6 OSOW check vehicles. It was found that the
need for total truck apron area was decreased by 61.67% @3apter the second design

alternative when compared to normal accommodation.
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Figure 4.23. ODT, and ODT & FTCI Method of Accommodating OSOW Movements
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Table 4.3: Total Truck Apron Reduced by ODT, and ODT & FTCI Method

Category of Roundabout

Total Truck Apron Area

% of Total Truck Apr on
Area Decreased by
Accommodation of
OSOW Vehicles by ODT
compared to Normal

% of Total Truck Apron
Area Decreased by
Accommodationof OSOW
Vehicles by ODT & FTCI
compared to Normal

Accommodation Accommodation
Single-Lane Typical 71.15% 61.67%
Symmetric 3-Leg
SingleLane 3Legat T 41.12% 38.22%
Intersection
EérégleLane Typical 4- 38.11% 43.04%
Double-Lane Typical 81.45% N/A
Symmetric 3-Leg
Double-Lane 3-Leg at T 53.99% 45.93%
Intersection
Double-Lane Typical 4- 69.43% 66.77%

Leg

4.2.2.2Rural Single-Lane, 3-Leg Roundabout at dintersection

TORUS software was used to designlag@roundabout at mural T-intersection with
WB-67 as the design vehicle amith a180 ft ICD (Figure4.23-partA). Figure4.24-partB,
shows the design generated by dating the 6 OSOW check vehicles in a normal way. It has to
that a
roundabout. Figurd.24-partC, shows the design alternative developed using the ODT & FTCI
method of OSOW acmmodation for the 6 OSOW check vehicles. It was found that the need

be noted

for total truck apron area was decreased by 38.22% (#id)léor this design alternative when
compared to normal accommodatittnwas also found that the need toiotal truck apron ia
was decreased by 41.12% (Tahl8) by accommodationf the6 OSOW check vehicles in ODT

nor mal I

eft turn

method of accommodation when compared to normal flow accommodation.
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Figure 4.24: Designs for SingleLane 3-leg Rourdabout at T-Intersection
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4.2.2.3Rural Single-Lane Typical 4Leg Roundabout

TORUS softvare was used to design a sinlgiee, typical 4-leg rural roundabout with
WB-67 as the design vehic¢land using a 180 ft ICD (Figure 4-2&rtA). Figure 4.25pat B,
shows the design generated by simulating the 6 OSOW check vehicles in a normal way. It has to
be noted that a nor mal |l eft turn movement of
roundabout. Figure 4.2BpartC shows the design alternative developsithg ODT & FTCI
method of OSOW accommodation for the 6 OSOW check vehicles. It was found that the need
for total truck apron area was decreased by 43.04% (Table 4.3) for this design alternative when
compared to normal accommodatittrwas also found thahe need for total truck apron area
was decreased by 38.11% (Tahl8) by accommodation 6 OSOW check vehicles in ODT
method of accommodation when compared to normal accommodation.

Fourleg roundabouts are very common on rural intersections and masttohe the
OSOW loads might enter from only one or two opposite approaches and travel through. For this
specific case, providing a straight passage through the center island might be a best option.
Therefore, through movements of all 6 OSOW check vehigkre conducted from approach 2
and approach 4 in a normal way and the design was generated as shown in Higut® 25
Figure 25partE shows the alternate design generated by providing a straight through passage
through the center island to accommeddie through movements.

It was determined that the total truck apreededo accommodatsix OSOW check
vehicle through movements from approach 2 and approacts#4,029.39 ft whereas a
straight through passage would just need 4,705°&hd@winga 66.45% reduction in need total
truck apron. However, assuming a 25 ft. roadway/passage through the center island, a 2944.27 ft
area of passage should be paved through the center island. It implies that the total paved area
(truck apron area and centsland passage area) required for center island straight through
option is 45.47% less than the total paved area (total truck apron area) required for normal
accommodation. If a straight through passage was considered through the center island, gates for
the passage need to be installed such that the general road users do not have access to the

passage.
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Figure 4.25: Designs for SingleLane Typical 4-Leg Roundabout
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4.2.3Double-Lane Rural Roundabouts
For the doublelane roundabout configurations, a typical symmetriegdroundabout, a
3-leg roundabout at a T intersection, and a typieaigdroundabout were considered. According
to NCHRP Report 67¢1), the ICD range fodoublelane roundabouisingWB-67 & thedesign
vehicle is 165 to 220 ft. As this study deals with OSOW vehicles which are bigger th&7 \WB
the upper limit, 220 ft ICD was considered for dodlalee roundabouts.

4.2.3.1Rural Double-Lane Typical Symmetric-3eg Roundabout

TORUS softwarevas used to designdmublelane typical symmetric 3-leg rural
roundaboutisingWB-67 as lhe design vehicle and usin@20 ft ICD (Figured4.26-partA). For
doublelane roundabouts, each OSOW simulation is accommodated in such a way that the
vehicle entes from any of the two lanes, circulates in any of the two lanes and exits into any of
the two lanes to reduce the need for outer truck apron and/or center island truck apron. Figure
4.26-partB shows the design generated by simulating the 6 OSOW cheickegah a normal
way. |t has to be noted that a normal | eft
this roundabout. Figuré.26-partC shows the design alternative developed using the ODT
method of OSOW accommodation for 6 OSOW check vehidlbe design proves that there is
no need for an external truck apron. It was found that the neduefimtal truck apron area was
decreased by 81.45% (Tall&) for this design alternative when compared to normal
accommodationiThe ODT & FTCI method @s not tried as the ODT methbas yielded the
basic roundabout design without needing extra truck apron to handle all the 6 OSOW check

vehicle simulations.
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Figure 4.26: Designs for a DoubleLane Typical Synmmetric 3-leg Roundabout
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4.2.3.2Rural Double lane 3Leg Roundabout at qintersection

TORUS software was used to desigicaiblelane, 3leg rural roundabout at & T

intersection with WB67 as the design vehicle and using a 220 ft ICD (Figure ga2D).
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Figure 4.24part E shows the design generated by simulating the six OSOW check vehicles in a
nor mal way. The nor mal l eft turn movement of
roundabout. Figure 4.2dart F shows the design alternative developedyusia ODT method of

OSOW accommodation for the six OSOW check vehicles. It was found that the need for total
truck apron area is decreased by 53.99% (Table 4.3) for this design alternative when compared to
normal accommodationt was also found that theead for total truck apron area was decreased

by 45.93% (Tabld.3) by accommodatiorix OSOW check vehicles in ODT & FTCI method of

accommodation when compared to normal accommodation.

4.2.3.3Rural Double-Lane, Typical 4Leg Roundabout

TORUS software wassed to design doublelane, typical 4egrural roundabout with
WB-67 as the design vehigland a 220 ft ICD (Figurd.Z7-partA). Figure4.27-partB shows
the design generated by simulating the 6 OSOW check vehicles in a normal way. The left turn
movement of the A16506 beamodo was4.2nrpmatCshowstlsei bl e a
design alternative developed using the ODT method of OSOW accommodationdior the
OSOW check vehicles. It was found that the need for total truck apron areaciasdel by
69.43% (Tablel.3) for this design alternative when compared to normal accommodation. Figure
4.27-partD shows the design alternative developed using the ODT & FTCI method of OSOW
accommodation for theix OSOW check vehicles. It was found titta¢ need for total truck
apron area is decreased by 66.77% (Taldefor this design alternative when compared to
normal accommodation. For this roundabout, providing a straight passage through the center
island was also investigated while comparingithmormal accommodation when OSOW
movements were expected from two apposite approathedotal truck aprgrcalculatedor
accommodatinghe6 OSOW check vehicle through movements from approach 2 and approach
4,is 12,314.09 ft, whereas a straight thugh passage would just need 4,665.4862.11%
reduction intotal truck apron areddowever, assuming a 25 ft. roadway/passage through the
center island, a 3998.65 #rea of passage should be paved through the center iBkisd.
implies that thedtal paved area (truck apron area and center island passage area) required for
center island straight through option is 29.64% less than the total paved area (total truck apron

area) required for normal accommodation.
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Figure 4.27: Designs for DoubleLane Typical 4-leg Roundabout for T-Intersection
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4.2.4 Truck Apron Area plots for Single lane and Doulild.ane Roundabouts

Figures 4.29 (single lane) and 4.30 (dotibl®e) show a visual summany how truck
apron area varies for the three types of intersections studiks)(symmetrical, 3eg at T
intersection, and-feg symmetrical) for normal, ODT and ODT & FT,GDSOW
accommodation strategigdlote: the plots are not continuous but drawlings between points
makes the differences more visible than points]

Figure 4.28 Truck Apron Area Data Plot for Single-Lane Roundabouts

For Single Lane Roundabouts
90000

80000
70000
60000

50000 e N 0rmal

40000 / e ODT

ODT&FTCI
30000
20000

10000

Total Truck Apron area (in ftsquare)

3 LEG SYM 3LEGT 4 LEG

Figure 4.29: Truck A pron Area Data Plot for Double-Lane Roundabouts

For Double Lane Roundabouts
70000

60000

50000

T
&
3
g
£
=
o 40000 e N Or mal
m
1=
£ 30000 DT
<L
p ODT&FTCI
5 20000
b—
8 r
5 10000 /

0

3LEG SYM ILEGT 41EG

96



4.3 Testing of Check Vehicles oiKansasRoundabout Drawings

Drawings of roundabouts built in Kansas were considered for this study at the request of
Kansas DOTKDOT), to illustrate differentvaysor possiblymodifying actualroundabout
designscould be checked or modifiddr OSOW load combination¥here was no intent to
redesign these roundaboutsut toillustratea procedure that could be used on analyzing future
roundabout designs whe@SOW are expectedhese roundabouts were assumed to be
expecting OSOW loads and they were checked for space requiramgmgithe six OSOW
check vehicles using AutoTURN software. Wellington Roundabout, Garnett Roundabout, and
Arkansas City Roundabout weethe roundabouts considered for the case studies described

below.

4.3.1Wellington Roundabout

The Wellington roundabout was constructed at the intersection-8illd USL60 in
the city of Wellington, Kansas and will be used initially as an illustrabasheck the
accommodation of theix OSOW check vehicles and find the space requirements of these check
vehicles. An alternative way will also be suggested for this roundabout to better accommodate
these & check vehicles, which minimizes the need foilding an extra truck apron that might
be necessary.

The Wellington roundabout has four approachesl8@ 16" Street, US81/North A
Street, 18 Street, and US1/158" Street. These approaches were called approach 1, approach 2,
approach 3 and approadtsimultaneously in the drawings and this writing for easy reference.
Figure4.30 shows the Wellington roundabout with names of the 4 approaches labeled.
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Figure 4.30: The Wellington Roundabout with Four Approaches
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For each approach, righirn movements, through movements, andtlafh movements
were considered for each ik check vehicles by using AutoTURNhe simulations were made
in such a way that the front tires of the vehicle do not ride on titeesgdland or roundabout
outer curbHowever, the rear tires sometimes do because of space constraints of having to ride
up onto the outer curbs or splitter islands of the roundabout to maneuver a particular movement.
All vehicles enter through their emtng lane, and no movement was made in the opposite
direction of travel to prevent the vehicle from riding over the curb, splitter island, or center
island.

The plan of the Wellington roundabout was received from KDOT personnel as a
PDFformatted AutoCAD drawing. This PDF drawing of the Wellington roundabout was set up
as an image on the AutoCAD screen according to scale and vehicle simulations were run on top
of the drawing. It can be observed from the Figu8® that approach 1, approach 2, and
approach 4 has a splitter island truck apron installed, which gives the sense they were initially
designed to accommodate truck movements. Also, as these three approachdsighe/d)s,
these roads might have a lot of truck activitpwever, approach Bas no truck aprons installed,
presumably because the designers had information there are no large trucks entering or exiting

approach 3. Therefore approaches 1, 2, and 4 will be considereddiar@B8OW check
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vehicles entering (righkiurn, through moveent, and left turn movement) and exiting. Approach
3 will be only considered for checking the entering and exiting movement ed¥W®&hich is
basically a design vehicle for most state highways in the US
All possible movements of tleex OSOW check velsles for approaches 1, 2, and 4 and
for all possibleNB-67 movements for approachv@re simulated in AutoTURNFigure4.31
shows an example right turn simulatiohone of OSOW check vehicle (55 meter wind blade)
from approach 11t can be observed froffigure4.31 that thetwo red lines represent the frent
tire tracks of a vehicle and the center red line indicates the path of the vehicle traversed by the
front portion of the vehicle. The green lines represent thetiredracks of the vehicle. The blue
|l ines represent the vehicle bodyocl earance,
It can be concluded there is not enough spacsiXddSOW check vehicles to maneuver
through the roundabout paved area and truck adrothe checked paths it was assdrttee
front tires were not to mount curbs, splitter islands, and the center;ibandver it was found
that the maneuver was impossible without the rear tires riding over the curbs, splitter island, and
center island. It was also found that the \WBdesign vehicle was not accommodated in the
roundabout within its designed, traversable area. It was also determined thattthve left
movement of the 168. beam check vehicle from approaches 1, 2, and 3 was not feasible in a
normal way with the availabl®undabout space.
Figure4.32 is an integratedlustrationshowing all possible vehicle simulations with the
six OSOW check vehicles for all approaches. This figure can be used to calculate the extra truck
apron that might be required to accommodatektrnovements that require more space and also
the removable sign area. Based on the ftinatimpressions and reéire impressions from
Figure4.32, the extra paved area required to be constructed at this roundabout to accommodate
these movements can balculated and is shown in Figute33. Based on the vehicle body
clearance from Figuré.32, the removable sigareacan be calglated and is shown in Figure
4.34.
It can be concluded from Figurds3?, 4.33, and4.34 therewould beneed of a fully
traversable central island, and an external truck apron of variable widths at different locations if
it were necessary to maneuver various movemergx @SOW check vehicles through the

roundabout as designed.
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An alternative was tested where ghsix OSOW check vehicles were allowed to ride
over curbs and splitter islands asssumedo go in the opposite direction of traffic so that they
dondt use any extra space other than splitter
4.3 is an integrated picture showing all possible critical vehicle simulations withxI@SOW
check vehicles for all approaches. This figure can be used to calculate any extra truck apron that
might be required to accommodate truck movements that requirespamre and also the
removable sign area. It has been found there is no need of any external truck apron for this
alternative as this case has fully traversable center islagh@plitter islands, and the §50W
check vehicles are allowed to go in the ogife direction of traffic if required to stay in the
paved area of the roundabout. Figdrg& shows the removable sign area at the roundabout,
which is most of the area in the roundabbashed in the figureyhich is the removable sign
area within andeyond the roundabout.
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Figure 4.31: Right Turn Simulation of a 55 Meter Wind Blade from Approach 1
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Figure 4.32 Wellington Roundabout Showing all Possible ¥hicle Simulations for all

Approaches.
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Figure 4.33. Extra Traversable Area/Truck Apron Required for Wellington Roundabout
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Figure 4.34: Extra Traversable Area Required and Removable Sign Area for Wellington

Roundabout
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Figure 4.35: All Possible Vehicle Simulations for all the Approaches for Wellington

Roundabout
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