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INTRODUCTION Regional/local Transit A“’ernaﬁves EVC'UQ“O“

A multHlevel network alternative Freeways/Access
screening process will be used Parkways/Arterials
ultimately arrive at thereferred Pedestrian/Bike

alternative for the Central Phoen
Transportation Framework Study.

3” Level 1 Screening
Phaséd begins the proceswith O Goals/Obiectives Review and Stakeholder Feedback
identification ofa broad collection bc_ Mobility
of transportation improvement Improvement
strategies bymode or action Concepts

followed by formul&in of a field of
five or ten candidatemultr-modal

e Level 2 Screening
mobility improvement concejphat Delailed Criteria: ond Performance-Bosed Assessment
incorporag¢ varying travel modes Mobility and Land
and investment levelsA criteria Use Sensifivity

and performanebased assessmel___ Focus
will be conductedt the conclusion ==
of Phasé to develop three @
alternative bundlesincorporating

the best elements of the mobili‘_C
improvement concepts o

Level 3 Screening
Detailed Focility/Corridor Evaluation

Phasdl continues the process wit
an iterativeplanning engineering
and operationsvaluationof the
three bundles This activity focuse:
on cefinng the preferred elements
of eachbundle that will comprigbe Best Performing MulModal Transportation Framework Plamis Plarthenwill be thefocusof a mobility and
land use sensitivigsessmett refineits various componeritsaccordance with community goals and objectives.

The following matrices document the first step in the screening @radestfication of theollectionof transportation improvement strategies by
mode Based on review of project goals and objectivestak@holder feedback, tkisllectionof strdegies will be packaged into the five to ten
candidate mobility improvement concepts as the project progresses.
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TRAFFIC INTERCHANGE CONCEPTS

The Arizona Department of TransportatigOT) defines two different types or categories of interchanges: Service Interchange and System Interchange. Servigpidatity cdrengesided &
each arterial street with a minimum spacing of oneTéecrossroad portion of the interchange ajlpics designed to match the existing or future street sectiond e f i ne d
adopted transportation plahhis includes the number of through lanes, lane widths, and inclusion of bicySeffaieststreet sectiowidthgenerally is provided for bicycle lanes, but the bike
are not defined with pavement markirgystem interchangggically are associated with connectivity between two freeway facilitiestiok ofequirements for a system interchange instldy
of theoverall freeway systeapproaching and departing the interchamgjading the interimand ultimate number of lanes planned for each freeway corridor, the numberlahesldgegroaching
the interchange to facilitate the interchangesexps, and theumber of added lanes departing the interchange due to the directionallmatapsbalance at the system interchahgeld include

evaluation o$ervice interchanges upstreamdanehstream of the system interchange.

by th

Concept

Description

Advantages

Disadvantages

Implementation

Diamond Interchange
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. |

-

-
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Standard Diamond Interchange

Approaching theterchang&om
either direction, an efamp
diverges only slightly from the
freeway and runs directly across|
minor road, becoming an-camp
that returns to the freeway in sim
fashion

1 Uses less space than most type|
freeway interchange

1 Avoidsinterweavingraffic flows
that occur in interchanges

9 Most effective in areas where
traffic is light and a more
expensive interchange type is n
needed

1 Ramp intelsctions may also be
configured as a pair of
roundabouts

1 Where traffic volumes are higher,
two intersections of the interchan
often feature additional traffic
control measures suabsignaland
extralanegdedicated to turning
traffic

9 Storage for lefiurns to the on
ramps may be limited, resulting in
spillback to adjacent rarrggminal

9 Suitable for areas without
speciatonstraints

9 Not suitable where there is g
high volumes dgft-turning
traffic

Single-Point Urban Interchange (SPUI)

\J Ak
VN
q

| /
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Approaching the interchangee
off-ramp diverges and splits at th
crossing minor road. Lefirns are
signalcontrolled; righturnsyield
to crossing traffic. Left turning
traffic from both off-rampsare able
to turn simultaneously without
crossing the path of the opposing
left turns Left-turning traffic to
both onramps occurs in the sam
fashion.

1 Allows opposing left turns to
proceed simultaneously by
compressing the two intersectio
of a diamond into one single
intersection over or under the fr
flowing road

1 Traffic passing through the
interchange can be controlled b
singlethreephasesignal

9 SPUIs also allow for widerns,
easing movement for large vehi
such advusestrucks and RVs.

9 Increased cost due to the need fo
longer or wider bridge

1 Very large area of uncontrolled
pavement in the middle of the
intersection

1 Trafficsignalsieed a longer yellow
and red phse to clear the
intersection

1 Pedestrianand bicyclists manpt
able topasghrough the intersectio
on a singlgreen light

9 Suitable for areas with limite
rightof-way

1 Suitable for intersections wit
high volumes dgft-turning
traffic

1 Driver familiaity is high in
the Phoenix Metro area



http://en.wikipedia.org/wiki/Interchange_(road)
http://en.wikipedia.org/wiki/Interchange_(road)#Weaving
http://en.wikipedia.org/wiki/Roundabout
http://en.wikipedia.org/wiki/Lane
http://upload.wikimedia.org/wikipedia/commons/b/b1/Spui-schematic.svg

TRAFFIC INTERCHANGE CONCEPTS (Continued)

Concept

Description

Advantages

Disadvantages

Implementation

Diverging Diamond Interchange (DDI)

Approaching the interchangee
off-rampdiverges and splits at th
crossing minor road. Both
directions of traffic on the minor
road cross to the opposite side @
both sides of the freeway overpa
As no left turns must clear
opposing traffic and all movemer
are discreteghe interchange
opeates with a twphase signal

1 Two -phase signal with short cyq
lengths, significantly reduclagt
time anddelay

9 Reduced design spdbdoretically
provides safety enhancements.

1 Increases the capacity of turning
movements to and from the ram

1 May mtentially reduce the numb
of lanes on the crossroad,
minimizing impacts to existing
rightof-way

1 Substantially reduces the numb
of conflict points, theoretically
improving safety

1 Theoretically improves pedestrig
safety

9 Drivers may not be familiar with
geometry, different merging
requirements, and revers$igdv
traffic operation

9 Pedestrians required to cross
freeflowing traffic on freeway
ramps; however, sighatiz
pedestriamovements can be
implemented without impaug the
two-phase signalization

1 Freeflowing traffic in both
directions on the minor road is

impossible; signals cannot be gre

at both intersections for both
directions simultaneously

1 Suitabldor locations with
high leftturning traffic
volumes from therossing or
minor roadway to the main
highway

Parkway GradeSeparated Interchange
(PGSI)

Incorporates the indirect léftrn
movements of an-grade parkway
intersection bylirectingeft turns
on to the crossing road (another
parkway or minor arterial)
downstream from the intersectiol
whereopposing directioright
turns also enter the crossing
parkway or arterial

9 Parkwayto-parkway movements
maintaining operational
consistency i indirect, lefturn
intersection treatments

1 Two -phase signal operation

1 Right turns to intersecting roadw
are not signal controlled

9 Minimizes lefturn conflicts

1 Requires significantly less
rightof-way than more traditiong
interchange types

1 Lesspedestrian friendly with

crossings at two locations per ran

1 Suitable for@commodahg
hightraffic volumesatmajor
parkway intersections

1 Complements the operation
environment of the Arizona
Parkway, which employs
indirect left turns

Cloverleaf

A two-levelinterchange which
left turns are accomplished via Iq
roads or ramps exiting to the righ
from the freeway and curving
around to permit merging on to ti
crossing or intersecting roadway

1 Freeflowing; does not require
traffic signals

1 Originally created for busier
interchanges that typicimond
interchangeould not fandle

1 Weaving caused byerging of
exiting and entering traffic in the

same lane; weaving activity can b
moved from freeway main lanes v

construction otollector/distributor
lanes

1 Large transpottucksmayrequire
large radii on the loop ramps,
resulting in larger righf-way
footprint

1 Viable option for interchangg
of traffic betweefreeways

1 Requires a considerable
amount of land for
rightsof-way

1 Partial cloverleafs are often
used where land is not
availablésee Parclo)



http://en.wikipedia.org/wiki/Interchange_(road)
http://en.wikipedia.org/wiki/Diamond_interchange
http://en.wikipedia.org/wiki/Diamond_interchange
http://en.wikipedia.org/wiki/Collector/distributor_road
http://en.wikipedia.org/wiki/Collector/distributor_road
http://en.wikipedia.org/wiki/Truck
http://en.wikipedia.org/wiki/Freeways
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TRAFFIC INTERCHANGE CONCEPTS (Continued)

Concept

Description

Advantages

Disadvantages

Implementation

Partial Cloverleaf (Parclo)

A modification of @loverleaf
interchangecommonly where
ramps can be addadinclude
deceleration lanes without widen
the street overpass/underpass; t
are numerous variants of this typ

9 Ramps are also usually longer g
allow for higher speeds

1 Requires less rigbt-way thara
traditionakloverleaf

1 Not all leftturn movements may bg
eliminated, requiring signalization
some configurations

1 Weltsuited to suburban ared
with high traffic levels

1 Employed where rigiaf-way
is constrained

Partial Cloverleaf (Parclo)

This type used where one highw
terminates another highway; log
ramps, entering or leaving the
terminating roadway, connect tra
in the fadanes of the continuous
highway.

1 Concentrates all entering and
exiting traffic into a single stretc
of roadway; useful for toll roads

9 Suitable for lowedraffic volumes

1 May be smewhat disorienting for
drivers of the terminating roadway

9 Suitable for locations where
one freeway terminates at
another freeway

1 Useful design for toll roads
that have entering and exit
points for toll collection
purposes

Roundabout Interchange

The ramps of the interchanging
highways are funneled into a
circular pattern or rotary on a
separated level above, below, or
between the crossing highways

9 Generally more economical thar
other interchange typiesterms of
materals and land

1 Reduced number of conflict poir

9 Provides more capacity than
signalized intersection, due to
omission of lost red and yellow
time

1 Reduces delay, even if both
roadways are-gtade

1 Cost savings accrue with
elimination of signalization
equipmeat and apparatus

1 Capacity is limiteoy geometrics

9 Can become congested easily wit
high traffic volumes

9 Design can provided refuge for
pedestrians; however, continuous
traffic flow creates crossing issue
for pedestrians

1 Signal preemption for emergency
vehicles is not possible

1 Can be an alternative to larg
gradeseparated interchange

1 May not be appropriate whe
there issignificant difference
in directionalzolumeduring
peak periods, where dynam
adjustment of signals can
favor traffic flow in the gak
direction



http://en.wikipedia.org/wiki/Cloverleaf_interchange
http://en.wikipedia.org/wiki/Cloverleaf_interchange

FREEWANPROVEMENCONCEPTS

Concept

Description

Advantages

Disadvantages

Implementation

Collector/Distributor (C/D) or
Collector ExpressLanes

Onewaylanemext tothegeneral
purpose lanes of a freeway used a
transition between on/off ramps,
removingweaving fronthe main
lanes of the freewgyarticularly at
cloverleafand closely spaced
rampsinterchange®esigned to
handle closely spaced interchange
ramps withat disrupting through
traffic.

9 Removes ingress/egress
movements from the maim
expresfanes of the freeway

1 Allows main lanes to seiyeater
amount othrough movements in
areas where there is local acces

1 Requires substantial rigiftway

1 Often a recostruction action,
which means traffic flow
disruptions

1 Built to freeway standards

1 Potential need for additional
rightof-way

1 Signing and striping to guide
drivers through the twevel
travelhierarchy

Rail-in-Freeway

Rail transit guideway is located in |
median ofhefreeway with station
located on crossing arterial roadwg
overpassew alongside the freeway
with passenger overpasses to me(
platform.

1 Uses available public rigifitway

1 Enables dual use of arterial
overcrossing

1 Advantageous for collecting
passengers from peaakdridelots
next to freeway

9 Exclusive, grageeparated
transitway reduces potential for
train delay

9 Minimizes train operating impact
on neighborhoods

1 Canstimulate higher density
development pattern in the corri
where implemented

1 Passengers wait in an area
dominated by vehicle noise an
pollution

1 Land uses and development
density adjacetu freewaysnay
not generallpe conducive to
generating a largamber of
transit trips

1 Established freeway corridor i
not be optimal alignment for
transit service

1 Temporary construction impac
on freeway traffic

1 Adequate median width to
accommodate transitway

1 Coordination with state or
county highway officials

1 Intergovernmental Agreement
(IGA) for the use of righnf-way

High-OccupancyVehicle (HOV) Lanes

HOV lanessometimes referred to 4
oDi amondd | anes|
specifically for use by specified tyg
of vehicles to help move more peg
through congested areas. The lang
are intended to provide fast, reliab
travel for HOV users at any time 0
the day particularly during peak
travel periods when other lanes ca
be slow and congested.

Provides incentive for reducing
SQV trips by decreasing delay to
HOV users. Typically, the
following vehicles can use the
HOV lanes:

1 Personal Vehiclevith 2+ persons

9 Commercial truck less than
6.5metes long

1 Motorcycle

9 Taxi or limousine

9 Bus

1 Alternate Fuel Vehicle (AFV)

1 Certain hybrid vehicles

Typically, the following vehicles
cannotuse the HOV lanes:

1 A vehicle with only the driver
1 Commerall trucks greater than
6.5metes in length or with a

gross weight of more than
4,500kg
1l Taxis or limousines without a f

TIME FRAMES (Phoenix Area)

1 Restricted during certain hour
the Phoenix metropolitan ared
am.to9am.and 3p.m.to7
p.m.

9 HOV time restrictions are
aplicable to holidays

9 During the other hours, and al
weekend log, anyone can use
the HOV lane

1 Vehicle occupancy level can b
adjusted to 3+ persons in
response to high levels of lane
utilization

'


http://en.wikipedia.org/wiki/Freeway

FREEWAY IMPROVEMENT CONCEPTS (Continued)

Concept

Description

Advantages

Disadvantages

Implementation

Ramp Management

Metered Ramp with Bus Bype 1
Ramp Management & Control, FHWA

A mechanical procesgt controls
the amount of traffic that can enter
the freeway

1 Aids in maintainingperational
efficiency

9 Reduces turbulence on the free
mainline by smoothing out the fl
of vehicles entering the traffic
stream

1 Best used where ramp queues|
jeopardize safety

1 Ramp meter delays and queui
could result in spillback and
congestion on creimg facility

1 Exercised through ramp
metering and ramp closuby
regulating the rate at which
vehicles enter theain lanes of
the freeway

A Texas Wurn or Texas turnaroyisd
adedicatedane allowing cars
travelingon one side of a onveay
frontage road to 4lurn into the
oppositefrontage road (typically
crossing over or under a freeway ¢
expressway) without being stoppei
traffic lights or crossing théghway
traffic atgradelt is particularly
comma in Texas, where frontage
roads have been developed along
most freeways to accommodate
commercial development.

1 Avoids the need for the-turning
vehicle to pass through the traffi
signal at an interahge, asa
diamond interchange or SPUI

9 Creates opptunities to access
properties fronting the freeway
rightof-wayfrom both directions
of travel

9 Good method for connecting an
arterial, albeit indirectly, to a
freeway where a conventional
interchange cannot be
accommodated (Beardsley Roaq

the exampleh®wn in the diagram

1 Usually would require an
additional bridge to cross over
the highway or an expansion o
thefreeway overcrossing

1 May creatsome confusion for
drivers, who may seetlrn lane
as part of a SPUI

1 Built to freeway standards

1 Potential neefbr additional
rightof-way, if decal or accel
lanes are required

1 Signing and striping to guide
drivers




ITSIMPROVEMENT CONCEPTS

ITS refers tantelligent Transportation Systems, which encompasadstude of technologyiented activitiq@gee accompanying graphic display of applicatitm#)e goal of using dynarrand
often timesensitiveinformation andtommunication® support theransporationinfrastructur@ndvehiclesitilizing the transportation infrastructure. ITS is directed teffard to manage factors
that typicallgreate conflicts within the transportation systeah asperating/ehiclesyehicldoads, and routesThe objectieisto improve safety and reduce vehicle wear, transportatioriughes

consumption.Theseapplicationarespecifically relevant to improving the operation of freandyarterials.

Concept

Description

Advantages

Disadvantages

Implementation

Regional TMC Integration: The Next
Level Regional Integrated Corridor
Management (ICM)

Through AZTech, many munici
TMCdS s, and the
already connectezhd share device
images andata. Regional ICM wol
integrate new measures like A
with existing ITS, surface street trg
control, transit and parking.

9 Travelers expect a seamless, re
travel experience where they arg
safe and well informed regardleg
of which road they tval within
Central Phoenix.

1 Regional integration requires
initial and orgoing expenditure
on cooperative planning,
engineering, operations and
maintenance

1 Regional integration involves
development and adoption of
policies and standard operatin
procedurs, commitment of
shared resources and a
maintenance of an organizati
structure dedicated to service

Active Traffic Management (ATM) for
Freeways

Active Traffic Management include
real time monitoring of traffic flow
including average speeds,
determination of desired best flow
characteristics, and adjustment of
flow through variable speed limits |
other means. Includes Speed
Harmonization, Congestion
Prevention, and can also include
Junction Control and Adaptive Rai
Metering. ATM can recogfire lanes
based on real time events includin
accidents and road maintenance.

1 ATM has been proven to reduce
accidents up to 30% on Europeg
motorways. Two cities in the U.§
have installed it and preliminary
results are good. ATM can be us
for congestin prevention and
mitigation, and incident
management

1 ATM requires installation of
frequently spaced ITS devices
that require power and
communications, and is more
costly than a traditional ITS
layout. European systems are
automatically enforced; U.S.
sysems will likely require policg
enforcement

1 A combination of existing and
new ITS devices are installed
freeways, and a public
information campaign is advis
to educate the public on ATM

Managed lanes include HOV/HOT
Express Lanes wieggertain laneare
designatetbr use by a particular clé
of vehicles (e.g., buses, carpools)
Lane use control uses dynamic sig
to indicatehe operational status of
the lane and who may use it. Con
is typically applied to freeway
facilities.

9 Maximizes benefits and use of
existing pavement

1 Improves safety

1 Increases flow stability and
efficiency of freeway operations

9 Complimentary to ATM and can
share the same equipment

1 Requires centralized control
facility and equipment

1 Active monitoring and
intervention of traffic flow is
necessary

Typically exercised through use
signs (static ardynamic),

temporary traffic control devices|
economic incentives and
disincentivesnd law enforcemer|



http://en.wikipedia.org/wiki/Information_and_communications_technology
http://en.wikipedia.org/wiki/Transport
http://en.wikipedia.org/wiki/Infrastructure
http://en.wikipedia.org/wiki/Vehicle
http://en.wikipedia.org/wiki/Fuel
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ITS IMPROVEMENT CONCHEE®&tinued)

Concept

Description

Advantages

Disadvantages

Implementation

Intellidrive SM

If er' Ve

Safer.
Smarter.
Greener.

The USDOT Intellidriv& program
is focused on developing data sou
and receptors in the highway grid.
involves Vehicle to vehicle (V2V)
technologies and Vehicle to
Infrastructure (V2I) capability.

9 Provides a way to capture existi
low cost data sources (e.g.
Bluetooth) oluse to transportatio
managers

9 Has both safety and efficiency
benefits

1 Requires data sharing agreem|
and public/private partnerships

9 Program is set to move from
research into deployment in 2

1 Pilot funding grants are likely t
be made availabledopport
implementation

Dynamic Information Dissemination
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Provides the necessary informatio|
travelersieed to effectively plan the
trip prior to departure, and whern €|
route, to avoidhcidents and adjust
driving behavior.

1 Reduce traffic flow throhgvork
zones

1 Reduce travel delay

1 Improve safety through reduced
congestion

1 Improve trip reliability

1 Requirements for highly trainei
staff

1 Vulnerability of sophisticated
technology to extraordinary
events

9 Extensive coordination with ar
stakeholders andgional
Transportation Management
Center (TMC

1 Need to establish information
sharing procedures

An operational approach that
employs all ahe available resource
including human and technologica
identify, managend cleaincidents
from a freeway in a quick and
effective manner.

9 Reduce congestion
1 Reduce travel delay
1 Improve recovery time

1 Requirements for highly traine:
staff

1 Requires capital outlays for
sophisticated technology

1 Requires coordination with TM

1 Requiregoordination among
various community and region
agencies responsible for spec
assistance




Intelligent Infrastructure

Anterial Freeway Transit Incident Emergency
Management Management Management Management Management
B oA o j

S -
Electronic Traveler Information Crash Roadway
Payment Information Management Prevention and Operations and

and Pricing Safety Maintenance
B
“% = v
Road Commercial Intermodal
Weather Vehicle Freight
IManagement Operations

Intelligent Vehicles

Collision Avoidance Systems

Driver Assistance Systems

Collision Notification Systems

Source: Applications Overview, Intelligent Transportation Systems, Research and Innovative Technology Administration, U.S. Deparansportation

'




PARKWAY FACILITY IMPROVEMENT CONCEPTS

Concept

| Description

| Advantages

| Disadvantages

| Implementation

Eight-Lane Parkway

Indirect Left-Turn Parkway

F"’

a
Guldehhe R%omr;r! ) IonsforA Parkw - |

An &lane divided roadwayth a
broad landscaped mediarajor
arterial signalized intersections
every mile, minor arterial signali]
intersections evety, mile, and
stop-controlledcollector roadway
intersections at ¥hile spacing. Al
intersections operate on the
concept of downstream, indirect
left turns often reference as the
Michigan LefiTurn (MLT) design

9 Capacity of approximately 90,00
vehicles per day (vpd); 9791025
vph per through lane

1 Two-phase signals redutslay
compared to Traditional Parkway

1 Improved safety at intersections, (
to reduction in conflict points

1 Limited access improves traffic flg

9 Can be tolled

1 Requires additional
rightof-way: miimum of
200feet, with 66&foot median
when fully developed,;
intersections add 2&et to
ROW requirement

1 Traffic operations pattern is
unique and can be confusing
drivers not familiar witimdirect
left-turn maneuvers

1 Heavy vehicles generally are
excluded from usd the facility|

1 Most successful when
implemented with an Access
Management Plan

9 45miles per hour

1 Depending on ultimate financi
an Authority may be required t
manage and administer the
parkway

A 6lane divided roadway wih
broad landscaped mediarajor
arterial signalized intersections
every mile, minor arterial signali
intersections evety, mile, and
stopcontrolled collector roadway
intersections at ¥hile spacing. Al
intersections operate witlsignal
phases tt accommodate ldfirns
at the intersection.

1 Capacity of approximat&ig,000
vehicles per day (vpdP0do 675
vph per through lane

1 Limited access improves traffic flg

9 Can be tolled

1 Additional signal phases
required to accommodate lefi
turns resultg increased delay

9 Heavy vehicles generally are
excluded from use of the faci

1 Most successful when
implemented with an Access
Management Plan

1 Depending on ultimate financi
an Authority may be required
manage and administer the
parkway

ParkwayGrade Separated Interchange
(PGSI)

Incorporates the indirect kétrn
movements of an-grade parkwal
intersection bylirectingeft turns
on to the crossing road (another|
parkway or minor arterial)
downstream from the intersectio
whereopposing dirgtionright
turns also enter the crossing
parkway or arterial

9 Parkwayto-parkway movements
maintaining operational consisten
with indirect, lefturn intersection
treatments

9 Accommodates higlolumes of
major parkway intersections

1 Two-phasesignal operation

1 Right turns to intersecting roadwa
are not signal controlled

9 Minimizes lefturn conflicts

1 Requires significantly less
rightof-way than more traditional
interchange types

1 Less pedestrian friendly with
crossings at two locations pe
ramp

1 Suitable forecommodahg
hightraffic volumesatmajor
parkway intersections

1 Complements the operational
environment of the Arizona
Parkway, which employs
indirect left turns
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PARKWAYWPROVEMENT CONCEPTS (Continued)

Concept

Description

Advantages

Disadvantages

Implementation

Transit-on-Parkways (TOPS)

Transitguideway is located in the
median ofhe parkwayvith station
locatedn the median aon
crossing arterial roadway
overpassegotentiallyvith
passenger overpasses to media
platform.

1 Uses available public rigiftway

9 Enables dual use of arterial
overcrossing

1 Advantageous for collecting
passengers from peaakdride lots
next toparkway

1 Exclusive, gradeeparated transitw|
reduces potential for train delay

1 Minimizes train operating fiacts on
neighborhoods

1 Can stimulate higher density
development pattern in the corridc
where implemented

9 Passengers wait in an area
dominate by vehicle noise

1 Adequate median width to
accommodate transitway

| Coordination with state or
county highwagfficials

1 Intergovernmental Agreemen
(IGA) for the use of
rightof-way




TOLL FACILITY CONCEPTS

A privately or publicly builbadrequiring payment of a toll (a fee) for Wike. building or facility facilitating collection of the toll is variously referred to as a taibbbotrsetoll plaza, toll station,

toll bar, or toll gate.

Concept

| Description |

Advantages |

Disadvantages |

Implementation

Physical Variants

OpenRoad Tolling (ORT)

i

© EZPuss™ stay lelt, 65 MPH
v v © Fay cash stay right, stop, pay toll
From Brochure:=Z Pass, The Lure of the
Open Road & Electronic Tolljidew
Hampshire DOT

Incorporates multiple toll plazas at
strategic locations determined to
provide appropriatevel ofaccess.
Incorporates new kind of tolling
system that allows drivesho have
an electronideviceto pay their toll
electronically without slowing doten
pass through a toll booth.

1 Faster through movements

1 No lines

9 No slowdowns

1 No lane changingjockeying for a
open booth

9 Improved traffic flow reduces fuel
consumption andehicle emissions

1 Different electronic pay syste
can create incompatibilities
among toll facilities

1 Requires extensive rigtitway
for tolling booths adjacent the
highway main lanes

1 Systems maintenance is criti
as revenues depend on accu
and timely accounting of usel

9 Computerized toll system

1 Enforcement

1 Several stagestetting for
accuracy

1 Management, administration,
oversight framework must be
carefully defined

Closed

£,
(i80) Toll Gae, 85
inton, OH,

Drivers are issued a ticket at the
entrance to the tolled segmieased
on the purported exit, which
determines the amount of toll to be
paid In some cases, a flat fee is
charged that is paid upon entry or €

1 Permits toll facility to be segment,
providing greater flexibility for acc
to locations along the route

1 Greater control of tolls charged fo
facility segments

1 Additional toll booths requirec
for each segment terminus

1 Additional personal
requirements to man the toll
booths at segment termini

1 This system can be implemen
with a main line plaza at each
end,with exit points along the
way having a toll collection
facility

9 Enforcement

1 Management, administration,
oversight framework must be
carefully defined

Electronic Tolling, TriState TollWay, Haze
Nate at Wikipedia

No cash toll collection takes place.
Fees otollsfor useare usually

collected with thaidof a transpondel
mounted on the windshield of each
vehicle which results in a debit to th
driverds account

9 Possible to support opeoad
tolling, where the driveloes not
need to slow at all through the toll
gate

1 Can be flexible and targeted, for
example, only large trucks are
subjected to the fee

1 Reduces manpower requirements

9 Increase traffic flow and fuel

efficiency

1 Requires a billing and collecti
process

1 Requies transponder to be
mounted on vehicle to debit
prepaid account

1 System failure can create ser
traffic congestion

1 Systems maintenance is criti
as revenues depend on accu

and timely accounting of usel

9 Enforcement

1 Management, administrationd
oversight framework must be
carefully defined

(
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TOLL FACILITY CONCEPTS (Continued)

Concept

| Description

| Advantages

| Disadvantages

| Implementation

Tolling Variants

Time-Based Charges

The driverlser payfor a given
period of time invhich he/she may
use the toll facility.

1 Specific cost for specific use,
eliminates

9 Segments the traveling public by
of fering Ospots
premium price

1 Helps to alleviate congestion

9 More complicated toll chargin]
process

1 Pricing musteflect travel
demand

9 Timebased toll schedule
9 Enforcement

1 Management, administration,
oversight framework must be
carefully defined

Access Fee The driverliser pays for access to g | Reduces the frequency of toll 1 More complicated toll chargir| § Enforcement
specifizoneportion of the facilityor | collection process 1 Management, administration,
a periocof time (e.gseveral days {l Pricing must reflect travel oversight framework must be
demand carefully defined
The driverlserpasses through 1 Adaptble to charging a toll in only  Can result in traffic congestio| T Enforcement

Open Tolling

mainline toll plazas at set intervals
paydor use of a welllefined special
and comparatively costly infrastruct
e.g., bridge, tunnel.

one direction, assuming a large
portion of users are involved in
roundtrips

as all vehictamust stop at eac
plaza

fCan result in
wherein drivers divert around
or skirt the segent of highway
subject to tolls or fees

1 Management, administration,
oversight framework must be
carefully defined

1 Design to preclude avoidance
toll collections points

Distance Charges

The driverlseris chargedor thetotal
distancariven in a definedrea

9 Fixed toll based on measurable
distance of travel

1 Eliminates flexibility to adjust
tolls for travel demand within
the area affected

9 Enforcement

1 Management, administration,
oversight framework must be
carefully defined




ARTERIAL ROADWAY IMPROVEMENT CONCEPTS

Concept

Description

Advantages

Disadvantages

Implementation

Eight-Lane Facility

o PP P, 4
g l —n i s I

Arterials areontinuous routes
designed to provide a high degree
mobilitythrough a corridoand
generallyserve longer vehicle trips
from, and within urban areas.
Supports travel to/from major activ
centers and serve higher
density/higher intensity lane uses.

9 Serves communityide travel, e.g
trips of 510+ miles

1 Fecilitates operation of the
regional transit system

1 Generally accommodates spee
of 35+ miles per hour

9 8Lane Arterial:
- ROW B4 feet
- Roadway Width 126 feet,
including median of 14 feet
- over 60,000¢ehicle trips per day

11 Significant restrictions acces
to adjacent land uses

1 Planning
1 Engineering
1 Funding
1 Construction
1 Maintenance

Six-Lane Facility

See Eightane Facility

9 Serves communityide travel, e.g
trips of 510+ miles

1 Facilitates operation tife
regional transit system

1 Generally accommodates spee
of 35+ miles per hour

9 6-Lane Arterial:
- ROW 130 feet
- Roadway Width 102 feet,
including median of 14 feet
- up to60,000 vehicle trips per d

1 Significant restrictions on acg
to adjacent landses

1 Planning
1 Engineering
1 Funding
1 Construction
9 Maintenance

Provide improved travel for buses,
taxis and other vehicles carrying
multiple occupantQperation is
similar to HOV lanes only on an
arterial facility.

9 Can be used by emergency
vehicles, motorcycles, and bicy

1 Right side busnly/HOV lanes
are compatible with transit
boarding and alighting patterns

1 No significant roadway
improvements amequired

1 Low initial capital investment

1 Less potential for disruptions to
turning movements at
intersections

1 Variant sometimes is used as &
means for transit to bypass ram
control signals at freeway

entrances

1 Can be confusing, due to
changes in functidghroughout
the day

9 Enforcement of restricted lan
use

1 Potential conflicts with
rightturning movements at
driveways and intersections

1 On-street parking and deliver|
zones may be impacted

1 Generally, operates in the mag
direction of travel during peak
perbds and revert to normal
lanes in ofpeak, although the
can operate throughout the d
depending of passenger load

14
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ARTERIAL ROADWAY IMPROVEMENT CONCEPTS (Continued)

Concept

Description

Advantages

Disadvantages

Implementation

Access Management

Safe Access is Good forgBuisiness, FHWA Access M

Access management is thesptive
management of vehicular access
points to land parcels adjacent to ¢
manner of roadways. Practice is m
successful when originally designir
an arterial, but it catso be applied
through retrofit projects on existing
roads. The most effective means
provide large benefits in arterial
carrying capacity is to eliminate
turning movement3he primary
objective is to reduce the number ¢
conflict points that drivers
experiences and separate conflict
points (e.g., intersections and acce
points) in distance as much as
possible when they cannot be
eliminated.

9 Reduces number of conflict poif
along a travel corridor

1 Separate conflict points in dista
as much as pob& when they
cannot be eliminated

1 Increases roadway capacity

9 Reducetraffic conflict points ang
incidence of crashes

9 Reducethe number of signalize
intersections, improviricavel
time

9 Results in a safer pedestrian
environment by reducing turning
movements

9 Can result in cost savings for si
equipment

1

9 Can be overlooked due to loyv
cost and low tech approach
1 Typically requires more detai
traffic and safety analyses

9 Direct coordination with
property owners and general
public

1 Physical turn prohibitiovia
restrictive or directional medi
design

1 Prohibit peathour turns via
signing and enforcement

1 Right or easement for access
may not be taken or
substantially impaired withou
due process and reasonable
compensation

1 Policies

q Directives

9 Guidelines

1 Regulation

1 Acquisition

9 Development Review

1 Detailed traffic and safety
analyses

9 Direct coordination with
affected property owners

1 Coordination among public
authorities responsible for or
impacted by the affected facil

1 Extensive public outreach an
information effort

Unconventional Intersection Treatments

Commonality of unconventional
intersection design treatments is tf
eliminatiorrelocatiorof left turns at
major arterial intersections by
instituting various geometric desigi
solutions and trafficontrol measure

9 Eliminationor relocatiorof
left-turn movements

9 Reduce the number of signal
phases

9 Out-of-direction travel
1 Increased reliance on signing
and pavement markings

1 Different Types:
- Median UTurn
- Jughandle
- Continuous Flow
- QuadranRoadway

Indirect or Median Left-Turn

| s >

"

Involves elimination of direct left
turns at signalontrolled intersectior|
from major and/or minor approach
Drivers desiring to turn left from thg
major street must first travel throug
the atgrade, signabntrolled
intersection, then execute -&uth at
a median opening downstream of
intersection. Drivers then turn right
the cross street. Drivers desiring tg
turn left from the cross street must
first turn right and travel to a medig
opening on thenajor street
downstream of the intersection.
Drivers then make aturn and
proceed back through the signalize
intersection.

9 Reducesdelay

1 Better progression for through
traffic on the major arterial.

1 Increase intersectionapacity

9 Reducs risk tocrossing
pedestrians

1 Fewer andnore separated confli
points

9 Two-phase signal control allows
shorter cycle lengtasd nore
flexibility in traffic signal
progression

9l Possible driver confusion ang
disregard of lefurn
prohiktion at the main
intersection

1 Possible increased delay, tra
distances, arglops for left
turning traffic

1 Greaterightof-way required
for the major arterial

1 Higher operation and
maintenance costs attributab
to additional traffic signal
control equipmentf directiona
crosevas are signalized

9 Longe minimum green times
for crossstreet phases or

two-cycle pedestrian crossing

1 Can be implemented with ang
without signal control at the
mediancrossoverppenings on
the major road

1 Requires wider median to
accommodate truck turgin
movements.

1 Provision of loonshulb-outg
on roads with narrow median
can reduce rigiaf-way
requirement

15
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ARTERIAL ROADWAY IMPROVEMENT CONCEPTS (Continued)

Concept

Description

Advantages

Disadvantages

Implementation

Freeway GradeSeparatecCrossmgs

Introduction of a new grageparate
crossing of a freeway to allow
redistribution of arterial through
traffic from adjacent traffic
interchanges.

1 Improved traffic operations at
adjacent traffic interchanges

1 Improved multimodal
neighborhoodonnectivity

1 Potential neighborhood traffig
impacts
1 Land use compatibility

1 Temporary construction impa

1 Most useful in areas with
established perpendicular
arterial/major collector grid
pattern

f A of b
leuud Geade Sen-ullxm fxa mm

L

Introduction of a newradeseparate
crossing over a railway to alleviate
impacts of train activity.

1 Eliminates delays associated w
railroad gate dowtme.

1 Improved safety by reducing
conflict points

1 Modifies access to adjacent
properties
1 Potential visual impacts

9 Temporary construction impa
1 Coordination with railroads

16
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ARTERIAL ROADWAY IMPROVEMENT CONCEPTS (Continued)

Concept

| Description

| Advantages

| Disadvantages

| Implementation

Capacity Enhancements

Directed toward increasing the vehicular capacity and average travel speed along an arterial corridor. The prionaycoreibicdsrfg this are to improve traffierationst signalized

intersections and minimize access.

Direct Capacity IncreaseShortTerm

Add approach lanes along the majo
street athe key intersections.

1 Reduces overall intersection del
by increasing capacity for the mg
through movements

9 Can be accomplished with no or
minimum additional rigtaf-way

1 Additional lane igsually tapere|
back after crossing through th
intersection, requiring merging
and creating additional conflic
points

9 Considered a she@rm

1 Traffic studies

1 Intersection control and
progression analysis
1 Signing and signal changes

improvement
Direct Capacity Increase: long-Term Increae the length of lefand 1 Improves intersection capacity b| 1 May require additional 1 Advancedraffic and engineerir
rightturn auxiliary lanes along the | eliminating delays caused by rightof-way studies to evaluate project

major street taccommodate the
greater of the turning lane or throug
lane peak queue.

spillbackn adjacent travel lanes

9 Potential modification of
existing access patterns

feasibility

1 Likely acquisition of additional
rightof-way

1 Signing and signetianges

Indirect Capacity Increase: ShorTerm

Increase the number of approach Ig
for theintersecting side or cross stre
including intersecting expressway ri
terminals.

1 Increases green time for the maj
street

9 Cansometimebe accomplished
with no or minimum additional
rightof-way

9 Reduces allotted green time t
the intersecting crossing or si
street

1 Traffic studies

1 Intersection control and
progression analysis

1 Signing and signal changes

Signal Progression & Optimization

Interconnect the signals and provid
optimum intersectiotiming and
phasing to ensure ideal corridor
progression.

9 Can be accomplished with no or
minimum additional rigiuf-way

9 Must be evaluated within the
framework of the regional sign
grid system

1 Corsidered a shoeterm

improvement

1 Coordination at the regional le
1 Investments in interconnect
technology




HIGHOCCUPANCY VEHICLE (HOV) LANE CONCEPTS

Concept

Description

Advantages

Disadvantages

Implementation

HOV Direct Access Ramps

Direct access rampanstructed ir
a freeway mediatlowauthorized
userof HOV lanego enter and
exit the HOV lanes located in th
center of the freewagamps
connect with a crossing roadwa
or parkandride lot.

1 Improve safetpf operations

9 Reduced congestion

9 Time savings

1 Improved travel time reliability fg
both HOVs and general purposeg
freeway traffic

1 Drivers merge with traffic that
to their right, which limits
visibility of approaching traffic
general purpose lanesloé t
freeway

1 Restrictions may be placed on
use of ramps even when HOV
lanes are open to general traff
which can create confusion for
drivers

11 Eligibility and usage limitations
mug be defined and signage
posted

1 Weight limits may be applied t
the ramps

1 Cos of constructing direct acce
ramps can be quite substantial
because they require separate
structures to be built above
or below the freeway

A structure providing
uninterruptedonnectivity
between HOV lanes on separat
freeways, enabling HOV vehicle
to move directly from one freew
to the other freeway, without
entering the general purpose lal
of either.

1 Reduce traffic congestion
associated with lane changes

1 Net travel timeavings

1 Improved safety; eliminates
weaving movements across
mixedflow traffic

9 Eliminates need for additional
ingress/egress points

1 May diverge/merge from either t
right or left side of the through
HOV lanes

1 Generally will require additiona
structuraheight relative to the
existing facilities

1 Potential increase in delay for
mixedflow traffic

1 May require expansion of the
lateral space in the freeway
median and changes to the
freeway main lanes

1 Planning to accommodate
additional traffic, i.e., maintain
level of service, resulting from
improvement

1 Coordination between highway
and transit agencies expected
use the connector

SR91, Orange County, CA, FHWj

Takes advantage of unused
capacity by permitting operatorg
vehicles meeting minimum
occupancy requirement to buy t
right to use HOV lanes through
payment of a toll. Typically, tolls
increase as traffic density and
congestion within the HOV lane
increase® maintain traffic flona
pol i cy kongesian a
pricing6

9 Expands mobility options for
drivers willing to pay

1 Generates revenue and can be
selffinancing

1 Improves the efficiency of HOV
lanes by enhancing capacity wh
controlling entry through pricing

9 Usually reversible to accommod
peak traffic loasd

1 Significantly improves trip
reliability for toll lane travels

1 Often criticized as being an
environmentaiaxor perk for the
rich ('Lexudanes™)

1 Contraflow characteristic of
HOT lanes can create confusi
for drivers

1 Present public relations
challenges, specifically relative
introduction of tolls

1 Require considerable attentior
roadway management (e.g.,
monitoring and control) and

incident response

1 Generally calls for an all
electronic toll collection systen

9 Some gstems use
radiefrequency identification
(RFID) transmitters to monitor
entry and exiting of the lane a
to apply charges to drivers

9 RFIDs can be turned off in the
event there are two or more
occipants in the vehicle

1 New legal and institutional
structures, as well as operatio
capabilities may be needed



http://en.wikipedia.org/wiki/Congestion_pricing
http://en.wikipedia.org/wiki/Congestion_pricing
http://en.wikipedia.org/wiki/Natural_environment
http://en.wikipedia.org/wiki/Tax
http://en.wikipedia.org/wiki/Lexus
http://en.wikipedia.org/wiki/RFID
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HIGHOCCUPANCY VEHICLE (HOV) LANE CONCEPTS (Continued)

Concept

Description

Advantages

Disadvantages

Implementation

Express Toll Lanes(ETLS)

=/
— 4 ’
91 Express Lanes, 2009 Annual Report, OCT

S il e l8e

All vehicles pay for access
according to a publishedesdule.
Most current facilities ahngbrid
versios:HOVs may pay a reduc
toll. Congestion pricing is used
manage the number of cars in tl
laneswvhile maintaining an
acceptable level of service

1 Increases use of the HOV lanes

9 Decrease in delay for motorists
using the lanes

1 Public transit vehicles typically a|
exempt from theoll and, thus, mg
stimulate use of transit

9 HOVs often can use the lanes fd
free or at a reduced price

1 Revenue for the responsible
transportation agency

1 Perception: Criticized as bein
an environmental tax or perk fi
those who can afford the toll tg
awid traffic, giving rise to the
term OLexus La
for HOV and transit use is an
attempt to assuage this criticis|

1 Initial construction can be
prohibitively expensive,
particularly in the provision of
ingress/egress facilities

1 Public/PrivatePartnershigP3)
opportunities




EXPRESS/MANAGED LANE CONCEPTS

oManaged lanes are defined as a set of lanes where operational strategies are proactively implemented and managedngiregsponséiornds Typically, this is accomplished by transportat
agencies through: regulation of demand; separation of traffic streams to reduce turbulence; and, utilizationctiauaiabdapacity. Managed lanes generally constitute anfitb@wagway .

OFlexible operatingtrategies make implementing manages a practical solution for improvimapility by providing viable travel optionsangested corridoés.
(Source: Managed Lades Primer,Federal Highway Administration)

. . Revenue . Ownership/
Concept Purpose/Goal Type of Facility Length Operation Collection Entry/Exit C ontrolp
SR-91 Express Toll Lanes, Orange | Provide motoristsa | { Toll Express |10 milesin |12 lanesineach | Fully Automated|{Fas Tr a k E|{ Orange County
County, CA congestiofiree | Lanes median direction 1 Must have § HOV3+ lane userd Transportation
alternative anthaintain 1 HOV+3 lane registered accou| & motorcycles Authority
financial viability of the available MF from | { Tolls vary by tim{ receive 50%
lanes. 4:006:00pm of day discount
QuickRide 8 Houston, TX QuickRde uilizes 1 High-Occupancy 1 13.5mile on |1 Singldane { Larger carpools | 1 HOV3+during |1 Managed and
available HOV capagitf Toll (HOT) us290/ 1 Reversible (HOV3+) use peak peaods operated by
oy LTI mproved . By " while preserving bus Lanes Northwest | ¢ M-F, AM peak lanes for free 1 MinimumHOV2+ | TxDOT and
#w' | operating speeds Fwy hours only 11 $2.00, flat fee pe| § Auto ID & HoustonMETRO
A trip for HOV2+ METRO FeeTag | 1 Administration by
” 1 $2.50 recurring required TransCore
- -~ monthly program| q Multiple entry and
X fee exit pointsd flat
| fee cover all trips
Quickride/HOV HOT Lane:
Houston, TX, METR(
( ]
t 2 )




EXPRESS/MANAGED LANE CONCEPTS (Continued)

Concept Purpose/Goal Type of Facility Length Operation CROell\éec?il(J)fl Entry/Exit Ovéno‘;rtsrg:p/
Fas T rudizest 1 HOT Lanes 1 16miles 1 2-lane 1 Fully Automated |  Transit, HOVs, an| 1 SANDAG funds
available HOV capacit oneway; 1 Reversible 1 Solo drivers mst | motorcycles free | from state
to fund new transit being { Movable barrier | have registered |1 Controlled by (Prop1B), federal
Service In the COI’I’Id_.Or extended to permits expansior] account changes in toll rat and local funds
Ayallable tp solo drivel 20miles or contraction of | Tolls vary in responseo level| Funded in part by
with prepaid account. oneway capaity dynamicallyith of congestion TransNethe local

time of day and | HOV ONLY Y2 cent sales tax
traffic conditions| instituted when for transportation
& based on traffic is congested
distance traveled
and rate per mile
Enhance safety and | Toll Turnpike | 32miles 1 Inside lanes are f¢ 1 HOV 1 Variable pricig to |1 Public Turnpike
improve operations | q |nner lanes automobile only; |9 EZ-Pass shift travelers out |  Authority
throughseparation of | = gesignated as outer lanes for all| electronic toll of peak
heavy vehicles from HOV lanes vehicles types: collection 1 Gates used to
!lght vehlcles. and during peak Passenger vehiclg provides 20% manage use of
increase flexibilifpr periods betweel travel ininneror | discounbff toll lanes
fa_cmty management Interchanges 11 outer langgrucks | during offpeak 9 Reserved for 3+
with changeable and 14 & commercial hours vehicles
messagegs. vehiclesnust
operate in outer

N laneonly

Du-a_l-DuE Nd, Turnpike Section, Manged Lanes: A 9 HOV lane in outer

CrossCutting Study, FHWA, Oct 2004. lanes operates

during peak
1 Changeable
message signs
direct and divert
traffic
([ 2z ]




MANAGED LANE APPLICATIONS

HOV Lanes Incorporates
ide  Truck Lane Restrictions Multiple Lane
Vehcd > Management

Use of HOV Lanes by
Other Yehicle Groups

Strategies

Lane Management Strategy
&
=
=2

3
fyel  Express Lanes

(Yl Reversible Lanes

Increasing Complexity with Active Management >

Exhibit 1 fromManaged Lades PrimerFederal Highway Administration
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RAILTRANSIT SYSTEM CONCEPTS

Concept

Description

Advantages

Disadvantages

Implementation

Commuter Rail

Rail Runner Express,

A heavy rail system (see below) th
operates at a loweefjuency, but at
higher speeds, usuditween a city
center and outer suburbs and
following a fixed schedule

1 Cost savings for riders

1 Congestion mitigation

1 Safety through reduced
traffic-related injuries and fataliti

1 Environmentally friendly

9 Sations can stimulate commerc|
and residentialevelopment

9 Can be operated concurrently w
freight rail services

1 High fixed costs, due to the ne
for exclusive transitway and
more expensive vehicles

1 May operate arade, resulting
safety concerns at roadway
crossings

1 Stops typically are far apart

1 Planning, engineering, and
environmental studies

1 Extensive negotiations with
operating railroads

9 Station location studies

1 Modifications to local bus routs
to feed commuter rail service

Heavy Rail

A rapid transit system of high capz
and frequency, which is
gradeseparatedn an exclusive
guideway dransitway from other
traffic, either in uderground tunnelg
or elevated above street level. Out
urban centers, rapid transit lines
sometimes run at ground level, but
crossing transportatidacilitiesare
gradeseparated.

1 Typically integrated with other
public transit elements, often
operated by the same publansit
authority

9 Faster and higher capacity than
light rail

1 Not as fast or as faeaching as
commuter rail

1 Stations can stimulate comnagr(
and residential development

1 High fixed costs, due to the ne
for exclusive transitwand
more expensive vehicles

9 Power commonly teered via g
third, olivebo
traveling public particularly at
stations

9 Requires dedicated tracks to
prevent delays and conflicts

9 Stops typically are farther apa|

9 Dedicatedracks

1 Large capital outlay

1 Planning, engineering, and
environmental studies

1 Extensive negotiations with
operating railroads

1 Station location studies

1 Additional security precautions
due to exposed

1 Modifications to local bus routg

Typical capacit®0061,200 passgers ! : A
glel;/ated per tran: 12,006,000 per hour compared to light rail transit, to feed commuter rail service
ubway ST h . which has a more local
MagLev Trains: six to twelve car trains with orientation
passenger capacity of 100 toit50
each car
Top speed: 78ph
Cost: $15 100million per mile
Elevated Operates on guidewayanstructed 1 Stationsre architectural

approximately 30 feet abarade or
more depending on clearance
requirements along the route. Sou
barriers may be constructed as a v
along the guideway.

9 Cheaper than tunnels

1 Visual sign of active and moder
transportation system

1 Attractive visual experience for
riders

structures incorporating
escalators and elevators

1 Visual and aesthetic impacts
often are a prime target for
criticism

1 Noise impacts greater than
atgrade operation

1 Planning, engineeringdan
environmental studiésr both
the superstructure and station
structures

1 Station location studies

(
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RAILTRANSIT SYSTEM CONCEPTS (Continued)

Concept Description Advantages Disadvantages Implementation
Subway Refers tarapid transisystem or 9 Tunnels move transit service frq § Stationgre subterranean 1 Planning, engineering, and

(rarely) dight rail streetcasystem
that goes underground. The term 1
refer only to the underground parts
the system, or to the full system.

street level, removing service fr
effects of cogestion and
operaing conflicts

1 Minimizes land takisdgor
rightof-way and stations

1 Construction impacts generally
limited to station areas

structures incorporating
escalators and elevators
9 Most cost intensive transit
infrastructure
1 Greaterdisruption of deep,
expensive utility

environmental studies for both
the tunnel and station structure

1 Careful planning to avoid majo
underground utility servicasd
other known and unknown
subterranean features

1 Extensive geottnical studies
required

Maglev is an innovative transportal
technology by which trains are
supported by magnetic forces with
any wheels contacting the rail
surfaces.

9 FTA has demonstrated that
low-speednagnetic levitation
systems are advanced enough
merit consideration asban
system alternatives

9 Desirable qualities: operate in
challenging terrain with steep
grades, tight turns, all weather
operation, low maintenance, raf
acceleration, quiet opeoa, and
superior ride quality

1 Typically unmanned

1 Initial infrastructure costs and
availability of safety and
operationally certified maglev
technologies are intimidating

1 Urban MagLev poses a
fundamental change in
technology

1 Stations require escalatans
elevators

9 Low-speed MglLev is feasible

1 Substantial ufront costs

1 Unexpected challenges and
obstacles should be expected
the technology is not proven fa
dayto-day service

A rapid transit system operating in
dedicated or exclusive rigifitway,
usually at street level, and is desig
for light passenger loads and fast
movement.

Typical capacity: 120t 19,000
passengers per hour

Trains: two to fourar consists

Top speed: 66ph

Cost: $15 100million per mile

9 Provides smooth ride.

1 Power commonlglelivered via
overhead catenary system

9 Stations can stimulate comragrg
and residential development

1 Flexible and adaptable to daily
seasonal transportatioeeds of a
community

9 Low-cost infrastructurelement$
gations usually -grade

1 Generally, remains at the sam
operating level as buses and
although some segments/rha
elevated, rarely in subway

9 Adequate roadway cressction
is required, and-gtade
transtway often replaces traffig
lanes

9 Potential for LRT conflictsith
other transportation modes

1 Planning, engineering, and
environmental studies for both
the transitway and station
structures

1 Signalization changes at
intersections along the route

9 studies

1 Padestrian safety/design featur
and traffic impact s are
particularly critical

(
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COMPARISON OF SELECTED CHARACTERISTICS AMONG DIFFERENT TYPES OF RAIL PASSENGER SERVICES E
NORTH AMERICAN PRACTICE

Type of Service
Characteristic ) . . .| Conventional . | Midwest Fast
Light Rail | Heavy Rail | Commuter Rail Intercity Rail High-Speed Rail Trains
System Elements & Infrastructure
Modern Modern subway Locomotive- ’ . . .
. - Locomotive- Locomotive- | Diesel-electrig
Usual Vehicles articulated |or elevated car§ hauled or self-
hauled coache{hauled coache{hauled coache
streetcars coaches propelled
Train Length 1-3 cars 4-10 cars 2-8 coaches | 2-14 coaches| 8-12 coaches S—l(iec:?)ches
Propulsion System Electric usmg Elegtrlc u§|ng Diesel-electric] Diesel-electrid Electric usmg H'|gh horsep\{vr
overhead wire third rail [a] overhead wire | diesel-electric
- . . ) Upgraded Existing main-|
. New grade- | Existing main-| Existing main-[ . . q
Right-of-Way New surface A g ) 8 existing or ne line track
. . separated line railway line railway g i
Requirements alignment lignment track track main-line |upgraded; som
alignme ackage ackage railway new grade
Typical Route 515 515 20-50 50-2,000 100-500 150-400
Length (miles)
Average Station 0251 05-2 25 5-50 10-50 30
Spacing (miles)
Boarding Platformg . . .
at Stations Low or High High Low Low High Low
Typical Fare . . At stations or Not yet
Collection Self-service At stations On board On board on board specified
Speed (miles per hour)
Maximum 110, except
. 50 70 79 79-90 125-250 secondary
Operating )
lines: 79
Average Along 10-20 [b]
Route 2030 [¢] 25-40 30-50 40-70 100-150 Unknown
Trips within
Trips within Trips within aTeeatgogzuaer;n Long-distance| Trips among
. . densely densely Long-distance| trips between | major metro
Typical Primary suburbs and X .
developed developed . trips between major centers and
Passenger Market . . major urban - } . X
urbanized urbanized centers cities metropolitan | intermediate
areas areas . R areas cities
including
central
Frequency of Service
Peak-Period 5-10 minutes | 5-10 minutes | 30-60 minutes 1-2 hours 30-60 minutes 90(-p1rF;(IJi:I;18.
Non-Peak Period 10-20 minutes | 10-20 minutes 1-3 hours Daily 1-2 hours :z;)?'ehllon:r;s

Footnotes:

[a] Self-propelled coaches may be either diesel-electric, diesel-hydraulic, or diesel-mechanical.

[b] Involves extensive use of street rights-of-way.
[c] Involves extensive use of exclusive, grade-separated rights-of-way.

Source: Table data from Southeastern Wisconsin Regional Planning Commission reported in Newsletter, August, 1998, Vol. 38, No.
as reported at www.trainweb.org/KenRail/Rail_mode_table.html; information highlighted in blue indecates 2009 estimates added by

(
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Examples
Pittsburgh inclines
Seattle Monorail
Miami Metromover

San Francisco Cable Cars
Portiand Streetcar
New Orleans -Charles St.
Sacramento Light Rail
San Francisco Muni Metro
Charlotte Lynx
Philadelphia-Broad St
New York Subway
PATCO Speedline
Los Angeles Metrorail
Washington Metro
BART
SEPTA Regional Rail
Caltrain
Music City Star
Vur;i>nia Railway Expren
MARC Brunswick Line
Altamont Commuter Express
Amtrak Capitol Corridor
Keystone Service

Light Rail

Light Rail

Subways/Els
Heavy Rail

Rapid Rail

Regional Rail

Commuter Rail
Commuter Rail

AcelaExpress

Rail Transit Continuum, Matt Johnson, Oct 12, 2009 at
GreaterGreaterWashington.org
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BUSTRANSIT SYSTEM CONCEPTS

Concept

Description

Advantages

Disadvantages

Implementation

Bus Rapid Transit (BRT)

BRT is an enhanced bus system tf
operates on dedicated or exclusive
lanes, or transitways, to combine t
efficiency of rail systems with the
flexibility of bus service:

a flexible, rubbetired transit mode
that combines stations,

vehicles, servigasinning ways, and
Intelligent Transportation System
(ITS) elements

into an integrated system with a
strong positive identity.

Operating speed: 17 to 30 mph
Cost: $6.2/illion per mile.

- Busway: $18rillion

- Vehicles: $5Miillion

(Franklin CorridoEvaluation).

1 Operates at faster speeds,
provides greater service
reliability, and increased
customer convenience compa
to traditional fixedoute service

1 Running time reliabilipnd
schedule adherence is high

1 Utilizes a combination of
advancetkechnologies,
infrastructire and operational
investments

9 Low-cost infrastructure
elementsstations basically
argrade

1 Requires special system
componentssuch as

- Dedicated/exclusive transitway

- Enhanced contraind
communicatiosystems

- Advanced veble technology

1 Maximum benefits accrue when
combined with community land
use and development policies

1 Need of adequate roadway
crosssections for transitway

1 Need to maintain the capacity o
generapurpose traffic lanes

1 Potential for noise and air qtyal
impacts in travel corridors

9 Will require policies that give
priority to bus operatiorfs.g.,
signal priority, block signaling)
and investment in crucial syste
components

1 Non-exclusive s lanes typical
are restricted only duringaje
hours in the peatdirections

1 BRT requires freestanding
stations to accommodate
boardihg and deboarding of
passengers

1 EmX vehicles cost $960,000 t
purchasé€Franklin Corridor
Evaluation)

Curbside Bus Lanes

A traffic lane on a surface street
reserved fothe exclusive use of bu

1 Reserved laneslhéuses pass
congested traffic.

1 Priority enables bus lanes to
move many more people than
general traffic

1 Bicyclists, rigkiurning vehicles
and carpool vehicles can be
permitted, mahkg lane operation
more corplex

1 Bus movements cée impeded b
curbsidé illegald parking and
rightturns by sharing vehicl@s
permitted)

1 Special or unique traffic
control/flow measures may be
necessary to assure efficient,
rapid operation

Median lanes usugtligysically
separated from general traffic lane
a raised curbr buffer and striping

1 Not prone to becoming
congested

1 Improves operating speed

1 Reduces overall @ottial for
bus/vehicle conflicts

1 Requirement fgpassenger
platforms and patrons movemer
to certer of street for access to b

1 Possibility that bus operational
failure can block the bus lane

1 Conflict ceated with lefturning
traffic

1 Wide roadway crosection need
to accommodate bus lanes

1 Wide roadwagrosssection
required for bus lanes

1 Special or unique traffic
control/flow measures will be
necessary tosage efficient,
rapid operation

1 Signal phasing may need alte
to reduce potential cdiats with
general traffic flow

(
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BUSTRANSIT SYSTEM CONCEPTS (Continued)

Concept

Description

Advantages

Disadvantages

Implementation

Contraflow Bus Lanes

Dedcated lane of an otherwise
oneway streethatis reversed for
buses and other mass tradsiing
the AM and PM peak hourstake
advantage of excess capacity

1 Takes advantage of underutili
roadway capacity in the travel
directionopposed to the peak
period flow

1 Increases luspeeds and lowe
travel time

1 Enhances bus $gm reliability
schedule adherence

1 Difficult to justify removal of avel
lane from general traffic

1 Physical constraints include:
roadway geometigne widths,
on-street parking

1 Most often emplged on a onevay
street segment

1 Unfamiliar vehicle operations ca
be dangerous other véicle
operators and pedestrians

1 Research demonstrated there
should be a minimum of 20 to
buses per hour or 800 to 1,20
peak hour bus passengers to
justify implementing a contrafl
bus lan€Miami/Dade Study)

1 Requirement for signal
modifications, striping, signagg
and, potentially, special curbin

9 Scheduling may need to be
adjusted due to increase
operational efficiency

Fixed route serviamnsists o&
passengdius travehgalong the
sameprescribedoute at regular

o0 f i xneed @ach dayith
designatetus stops along the routg
This iswhat most people think of
when they envisigoublictransit
service.

1 Dependable routing and
schedule

1 Flexibility to change routing a
scheduling to coincided with
changes in use/demand

1 Buses are relatively cheap to
acquire and maintenance is
reasonably standardized

1 Bus operations can be
accommodate on established
roadways without special
procedures or physical chang
to the roadway

1 Bus service can be impeded by
corgestion on roads traveled

1 Frequent stops place a strain on
operating systems

1 Requires a large number of driv
the salaries of which generally
account for the greatest operatir
expense for the system

1 Private company or public trar|
authority

1 Signagelang routes and
published, posted schedule of
service

9 Vehicles that meet the Americ
with Disabilities Act (ADA)

ille, PA, Nigara

Interruption of the normal operatio
of trafficsignals to givergferential
treatment of higloccupancy vehicle
specificallyransit vehiclesSometime
combined with separate bus lanes
signal return to normal operation
subsequent to preemption.
Unconditional and conditional mod
are feasible.

1 Improve intersection capacity

1 Enhances bus system reliakdli
schedule adherence

1 Improves travel time

1 Can stimulate use of trandite
to improved travel efficiency

1 Potentiallyeduce congestion

1 Modifies delay and queue length
for traffic at signalized
intersections

1 Activation signals need careful
calibration to avoid indiscriminat
preemption at other intersection

1 Interruption of optimized traffic
flow control

1 Equipping of traffic signal to
recognize preemption activatig
signal

1 Signal activation integtal
transit vehicle

1 Adjustmerd of cycle and phas
duration for preemption phase|

1 Generally, only one preemptio
allowed per signal cycle

(
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BUSTRANSIT SYSTEM CONCEPTS (Continued)

Concept

Description

Advantages

Disadvantages

Implementation

Bus Signal Queue Jumping

Two Types of Queue Jumping

Typically employed with BRT
systemgthis treatment consists of g
additional travel lane at intersectio
generally accompaniedabgeparate
bus signal phase or bus preemptia
May or may not incorporate a
receiving lane on the opposite sidg
the intersection

1 Permits buses to get a

Ohesatdar t 6

vehicles

1 Eliminates need to merge intg

traffic

1 Improves operational efficieng
of thetransit system
1 May be use by bicycles, mopg
and motorcycles

over

1 Requires additional phase at
intersections affected

1 Queue jumping may be used by
unauthorized vehicles

1 Analysis of potential impacts t
traffic

1 Traffic engineering studies to
identified requiktgeometrics
and any requirement for
additional righof-way

1 Signalization changes, as requ

1 Adjustments to the transit
schedule and route capacity in
response to more efficient trar
operations

Bus Bays and Turnouts

Bus stop areas recessed from the
thoroughfare, providing an en rout
bus with an offtreet service point
that does not interfere with traffic
movement

Width or Depth: 15 feet for arterial
and 20 feet for highways

Length: Dependent mervice
volume, vehicle size, and transfer
needs: 50 feet per bus

1 Provides a safe waiting area f

transit users

9 Removes bus from traffic at
stops with high passenger
volumes and/or high traffic

volumes

1 Concrete pad is necessary

1 Requires bu® merge intdraffic
turnout, whickcan cause
operational delagsd safety issug

1 Accel and decal lanes should be
provided where possible

1 Recommended for midock
locations: not compatible with
nearside and faside stops

1 Additional rightof-way required
may be

1 Construction likely will result in
temporary traffic impacts

1 Facilities should be designed §
that bus operators have clear
rearvision capabilities necessg
for safe reentry into traffic

1 Rightof-way studies to
determine availability for turno

1 Signage

1 Shelter and, if possible,
landscaping

Bus Bulb

Bus Bulb, Vancouver, B

A bus bulb, also known as a nub, ¢
extension, or bus

bulge, is a section of sidewalk that
extends from the curb of

aparking lane to the edge of a
through lane. Buses stop in the tra
laneat the bulbinstead of weaving
into a parkindgane curbside stop.

1 Reduces risk of accidehys
eliminating the buseaving

maneuveassociated with a bu

bay

1 Reduces congestionsidlewalky

at stops with high passenger

volume

1 Provides space for bus shelte

where sidewalk space is at a

premium

1 Compatible with streets with
parallel parking

1 Eliminates need for bus to
merge back into traffic

1 Narrowing of roadway can
interfere with bi& lanes

1 Not appropriate for twdane
roadway

1 Rightof-waymay be inadequate
for installation of passenger
amenities, such as a shelter or
bencheand landscaping

9 Appropriate for arridors with
high transit patronage

1 Roadways that poseartry
problems fobuses

9 Appropriate where there is
congestion on sidewalks due t
high transit patronage

(
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BUSTRANSIT SYSTEM CONCEPTS (Continued)

Concept Description Advantages Disadvantages Implementation
Improved Amenities Transit system treatmeatsd device{ { Greater mobility 1 Additional costs 1 Audio and visual announceme
to help passengers feel more at e3 ¢ Faster service 1 Greater coordination and (interior and exterior)
with service providedncluding 1 More convenient service communication 1 Active station signs
{ Benches 1 Reduced reliance on automol 1 Restructuring and realignment n| T Internet access to reahe bus
{1 Schedule informatidhstatic and | ¢ eppanced patron safety be necessary operating information
electronic interactive 1 Improved accommodation of 1 Communitybasedservice
1 Signagé static, dynamic, & patronneeds 1 Intelligent Bus System (IBS)
electronic applications

9 Shelters

9 Bike accommodations on transit
vehicles & bike lockers

1 ParkandRides (P&R)

q Transit Centers with traveler
conveniences, such as restroom
refreshments, food, shelter, etc.




EXPRESS LANE CONCEPTS

Concept Description Advantages Disadvantages Implementation
Reversible Lanes A contraflowlane created by the | Alleviates congestion in the pq 1 Requires specialized equipment { Cones or bollards (sometimes
; placement of a temporary physical direction ly providing additiona retractable) are manually

- o e,

Central Federal Lands Highway Division, FHW. S

barrier, which then is used for travg
in the opposite directipor
construction of permanently isolatg
lanes the flow of which is reversed
according to peak period directiong
demand

NJ: 725 buseqger hour, resulting in
1,700 buses during peak hours
carrying more than 60,000 passen
(MiamiDade Study)

capacity

1 Electronic signage and contro
can be used for directional lan
contrd, allowing timely respon|
to congestion, construction, o
accident impacting traffic flow

1 Creates unique traffic control an
flow issues

1 Can canfuse travelers and
pedestrians

1 Requires ugue traffic control
procedures an@strictions on left
turns

1 There must be a large directiona
flow during peak periotis make
this a viable solution: typically
justified when 65/35 peak direct
of flow obtains

positioned in theoadway to
isolate travel lanes

1 Proper lane control, pavement
markings, and signs are requir

Zipper Lanes

See Reversible Lanes ab&ipper
Lanes are created using a movabl¢
barrier, which does not require ma|
construction actions within the tray
corridor. New advances in
technology and equipment allow
Barrier Transfer Machines to shift {
moveable barrier the width of one |
traffic lane (14eet) in a single pass,
while traveling at I@iles per hour
(Caltrans). One mile of barrier can
moved in six to seven minutes.

1 Alleviates congestidny
providing additional capadity
the peak direction

9 Does not require investment
additional roadway cressction
and, potentially, additional
rightof-way

1 Requires spedimdmachinerya
Barrier Transfavlachineat a cost
of $1million

1 Creates unique traffic control an
flow issues, which can confuse
travelers and pedestgan

1 Is labor intensive and presents
safety issue during the moveme
of temporary barrier

1 Often restricteda buses,
vanpools, and carpools

9 A Barrier Transfdvlachine
places a string of connegted
movableconcretéarriers on a
roadway to isolate travel lanes




TRAFFIC FLOW IMPROVEMENT CONCEPTS

Concept

Description

Advantages

Disadvantages

Implementation

Reversible Lanes

Different forms of traffic flow
modifications implemented to take

advantage afnderusedapacity on § conditions

facility.

1 Flexibility with respect to
responses in traffic flow

1 Reduced need for additional
construction of physical capag

1 Logistics can be cumbersome, i
physical barriers are employed

1 Requirement for specialized
monitoring ad control equipmen
and facility

1 Changing traffic pattern can be
confusing for drivers

9 There must be a large directio
flow during peak periods to
consider implementing this
strategy

1 Lane control techniques, signa
and special pavement marking

Sophisticated control and
coordination to ensure traffic move
as smoothly and safely as possiblg
pedestrians are assured safe cros
conditions.

1 Low cost for upgrding system

1 Aids in achieving signal
progression

1 Reduce frequency and severi
of intersection conflicts

1 Improve air quality by moving
traffic more efficiently

1 Usually a shoterm solution;
additionaphysicatapacity may b
necessary

1 Can not eliminate critical kditn
movements

1 Improvement for one direction,
movement, or phase pinalizes o
directions, movements, and pha

1 Supporting analysis of
intersection geometrics

1 Coordination with local and
regional signalization system
along corridors

9 Compatibility with other
strategies planned for or affect
the corridor

1 Potential for emergency vehicl
preemption

Reduce or eliminate -sireet
parking to remove traffic

interference and gain add capacity
for traffic movements.

9 Reduce delays to the traffic
stream

9 Decrease potential for traffic
flow conflicts associated with
entry/exit of the parking spac

9 Eliminate visual sight
obstruction for peestrians
crossing roadway

1 Removes direct, easy access t¢
properties abutting rigbf-way

9 Replacement parking will be
necessary to assure accessibili
properties

1 May adversely impact access fq
persons with disabilities

1 Policiegegarding timef-day
permissions/restrictions and
parking rates (if applied)

1 Signage

9l Consultatiofcoordination with
affected property owners

1 Compliance/enforcement

(
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TRAFFIC FLOW IMPROVEMENT CONCEPTS (Continued)

Concept

Description

Advantages

Disadvantages

Implementation

Loading Zone Locations

Romana Street, Pensacola, FL, Google Maps

Evaluate loading zone locations a
regulations to determine consiste
with traffic flows, particularly in the
peak periods.

9 Remove interference of traffi
flow due taruck movements
during peak periods

9 Can impact delivery schedules

1 Potential for negative impact or
customer supply line associate(
with truck deliveries

1 Planning/traffic study
1 Municipal Ordinance
1 Signage

9 Enforcement

Left-Turn Restrictions

l— ——

Eliminate left turns, which remove
one phase from intersection
signalizatioor removes impedence
to traffic flow due to turns into
abutting property.

9 Permits higher volume of
through movements

9 Reduces conflict pointscan
potential for crashes

9 Will increase travel for drivers
desiring to access roadway or
property left of the roadway

1 Potential impacts on adjacent
street network as drivers circle
around divert direction of travel,
to access restricted roadway

1 Potentiabhdverse impacts on the
use and viability of abutting
properties

1 Review of lefturn volumes

1 Implementation time can be
relatively short

1 Review of local roadway
network surrounding
intersection or access point to
identify potential impacts

1 Public informatio campaign to
alert drivers of changes

Lanes added to the interior of a
roadway to facilitate the queuing ¢
vehicles drivers desiring to turn le

9 Remove vehicles from the
general purpodanes and the
potential for a queue to form

9 Permits a separate signal ph
for left turns, reducing the
potential for crashes

1 May require additional
rightof-way

1 Wider roadway width could plag
pedestrians at more risk, due td
additional distance required

1 Generally, adds a phase to the
signal, which reduces green tim
for through movements

1 In-roadway construction actio

1 Traffic engineering studies to
determine acceptable geomet
andwhether additional
right-of-way is necessary

1 Changes to signalizatioda
intersection striping

(
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TRAFFIC FLOW IMPROVEMENT CONCEPTS (Continued)

Concept

Description

Advantages

Disadvantages

Implementation

Right-Turn Bays

Lanes added to the outside edge
roadway to facilitate the queuing ¢
vehicles drivermesiring to turn
right.

1 Facilitates rigiturn-on-red
movement

1 Eliminates a through vehicle
blocking driver that desires tq

turn right on red

9 Permits more efficient flow in
the curbside general traffic 13|

by removing rigHtrning

vehicle that may neenlwait
for leftturning vehicles or
through vehicle movements

the crossing street

1 May require additional
rightof-way

1 Wider roadway width could plag
pedestrians at more risk, due tg
additional distance required

1 Potential impacts to abutting
properties

1 In-roadway construction actio

1 Traffic engineering studies to
determine acceptable geomet
and whether additional
rightof-way is necessary

1 Physical relocation of signal
stanchion, depending on
original location and type of
signal mount structure

1 Intersection striping

Street Widening

Physicateconstruction of a roadwg
to provide additional traffic lane
capacity or change roadway
geometrics to improve traffic flow.

1 Creates more efficient facility|
1 Improves traffic flow, reducin

delays

1 Potentially decreases potenti

for crashes

1 May require additional
rightof-way

1 Results in traffic congestion ang
delays

9 Could result in disruption, even
relocation, of activities abutting
the roadway

9 Results in noise and air pollutio|

1 Evaluation of safety issues
relating to structural integrity
and traffic flows

1 Detailed maintenance of traffi
plan

1 Public information campaign

1 Median barrier installation,
special signage and striping, ¢
traffic contol devices

1 Utility relocations

1 Staged construction actions

Signage

"R EE

ax

Provide enhanced signage to redt
delays caused by driver confusion
and minimize the potential for
crashes.

9 Low-cost method for
improving traffic flow
1 Providing reliable, visible

notification of required or
desired maneuver reduces

lastminute actions

1 Relies heavily on motorists to b
diligent with regard to
information and
instructions/guidance provided
by the signage

1 No significantegislativer
adminstrativeactiors are
required

1 Conduct inventory

1 Get community and visitor
perspectives

9 Determine need

9 Determineresponsibilities

1 Develop plan

9 Develop signage

1 Monitor effectiveness
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BICYCLEANE CONCEPTS

Concept

Description

Advantages

Disadvantages

Implementation

SharedRoadway
(No Bikeway Designation)

o1

MAY USE
FULL LANE

Bicycle travel on streets and highw
withoutseparate, marked or
designatetikeway
Bicyclistoperagin mixed traffic in
the same manner as all other vehi

1 Where the existing stredgtith
is adequate, signing and strip
is unnecessary

1 Some roads and streatay be
unsuitable for bike use
designating a bikewaay be
inappropriatgas it could
encouage usender adverse
conditions

1 Does not require investment i
additional roadway cressction
and, potentially, additional
rightof-way

1 Bicycles mustoperagin mixed
traffic conditions which increases
potential for conflicts with
motorized traffic

1 Other vehicle operators must be
alert fortravel mode that is not
typical of the traffic mix

1 Roadway surface conditions ma|
not be conducive to bicycle mod
e.g., crackbples, bumps, drainag
inlet grates

1 Bicycle safety and awareness
programs

1 Acceptingicycle traffion roads
and streeteequires attention to
thepotential effects on level of
service and safatfthese
facilities

1 Signing should be installed on
routes that link to designated
bikeways and where a high
volume of bicyclists @nticipated

Signed shared roadwaysfan@ally
designated by bikeute signs, and
serve either to:

a)Provide continuitand connectivity
to other bicycle facilities (usually B
Lanes); or

b) Designate preferred rogténrough
high-demand corridors

1 Signingalertsmotorists to
expecbicyclistsn the
rightof-way even a lane

1 Responsible agencieast take
actions to assutke route is
suitable for mixettaffic and
consistent with the needs of
bicyclists

9 Minimal investment in roadwa
facility

1 Bicyclists must travel in mixed
traffic conditions

1 Other vehicle operators must be
alert for travel mode that is not
typical of the traffic mix

1 Physical changes to the roadwa|
(e.g., improved shoulder, narrow
vehicle lanes) may be requiced
enhance safety of the bicyclist

1 Planningstudiego accommodat
potential for bicycle traffyy
evaluating route characteristics

1 Accommodatingicycle triic
requires attention to the potent
operationagffects on level of
service and safety of roads an
streets

1 Possible physical improvemen
to designated route

Paved Shoulders at bicyclinginfofrc

Adding or improving pavetoulders
provides an attractive alternative a
highways A paved shoulder can be
converted to Marked Shared Road
facility or Bikeway with appropriate
signing and marking.

1 Improves operating conditions
of the bicyclist

9 Separation of bicyclists retp
maintain roadway capacity by
eliminating mixed traffic
operationgnd improves
bicyclist safety

9 Helps bicyclist to connect to
designated routesth greater
safety

1 Roadway design may not be
supportive of shoulder operation
1 Shoulder widths mustcrease wit
increase in traffic or high volume
of bus and truck traffic

11 Provisions for bicycling must b
coordinated with roadway desi
- Minimum shoulder width of
four feet exclusive of gutter pa
and rumble strips
- Special design of gaps in rum
grips to permit safe crossing b
bicyclist
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BICYCLE LAKI®NCEPTS (Continued)

Concept Description Advantages Disadvantages Implementation

Bicycle or Bike Lane Bike lanes are establisbeeway | { Improves operating conditiong § May require taking some 1 Planning to accommodate
lanes of travel withppropriate of the bicyclist rightof-way fromvehicle lanes potential bicycle traffic within a
pavement markings and signiftwey | q pelineate lanes for bikasd 1 Tréfic signalsnay needdjusted t¢ defined, formal network
usually are fourelong streets in motorists preide for more recognize the presence of bicycl 1 Accommodatingicycle traffic
corridors where theresgnificant predictablenovements by eacll in the traffic flow requiresattention to the potentis

bicycle demandhand where there g ¢ separation of bicyclists helps |  Because this is a dedicated lang  effects on level of service and
distinct needs that che served by | * maintain roadway capacity by|  additional attention tine quality | Safety of roads and streets

separate travel laritike lanes are n{ - qjiminating mixed traffic of thepavement surface is needq { Design standarasustbe
B o Desi intended to accommodate all bicyd  perations 1 Regulamaintenance of the lane | adopted to establish lane widt!
use; bicyclists may leave the lane {¢ o .. iable alternative t should b idered striping, signing needsirface
various purposes within the rules g T Provides a viable alternative ff should be consi ere . tand d
the road. riding on sidewalks 1 Movementshrough intersections| Standards
require design and striping chan|  Programmatiaidingmust be
1 Increased funding commitments| considered to assure adequats
required to establish and mainta] Networkdevelopment and
bike lanes maintenance
A local street or series of contiguol | Low traffic volumes and 1 Diversion of noHocal traffic from| { Planning to accommodate
street segmentsodified to function | operating speeds are favorabl the street segments selected for|  potential bicycle traffic on facili
as a through street for bicyclists | bicycliss boulevard through the use of intended for another use
Through motorized vehicle traffic i q Bicyclists are given favored | forced turns and/or barriers 1 Accommodatingoncentration g
discouragd, bcal access is passage and priority assignmg 1 Bicyclists share the roadway wit| ~bicycle traffic requires addition
maintainedBicycle boulevards shot  at twoway, stogontrolled motorized vehicles study of various treatments
be sufficiently long (2 to 5 miles) tq  jntersectionsspecial 1 A series of physical and operati{ needed to establish safe route

accommodate urban trips, but can| - signalization often is provided| ~ changs may be needed to ensu| Maintaircontinuity of route ove
2 e shorter. 1 Wayfinding signs generally ar{ bicyclists can travel with relative| long distance
. ! L integral element of the boulev| easeparticularly with respect to |1 Design standaraell need to be

Bike. Friendly gntersection at Cobnry Club Rd arfds  « '3 1 Improvements at street crossi| Crossing major streets adopted to establish lane widt
INTleson-AZ(Rhole-im bing Maps) ™~ improveoperating safety and | Will require adjustment by driver  striping, and signing needs
security seeking access to local destinati § Programmatic funding may be
1 Additional signing and signals af necessary to assure full

regular inspection adds hetcost | development and maintenance

of the bicycle network

A path physically separafesm { Can take advantage of unthed 1 Need to asure bicyclists abide by  Planningnust be cognizant of
motorized traffic by open spame rightsof-way the rules of the road the mix of travelers andferent
barrier within the highway { Offer an opportunity to integrg § May create discontinuity, as theg pace and ability of movement
rightof-wayor within independent | - with recreational activities corridors are often not consisten among all modes

rightof-way Generallyserve 1 Potential for minimizing or with the roadway network 1 ADA compliance must be
corridors not served byads or eliminating crossaffic or 1 Lower design speed evaluated

streetor where wide utility or formd iy egiraffic operations for | Multiple different modes raises | Design standardsill need to be
railroad righgof-way existPaths bicyclists risks of travel conflicts adopted to establish lane widtf]
generallyare open towo-way travel 1 Can be a means of striping, and signing needs

by any noAmotorized modee.g.,

Trails and Pathways in Pedestrian Facilities Guideb walking, running, skéabearders (if

Washington State Department of Transportation,
September 1997. paved), etc.

circumventingravelbarriers




PEDESTRIAMCILITCONCEPTS

Concept

Description

Advantages

Disadvantages

Implementation

SidewalkWalkway

Thistraditional pedestrian facility
provides dormal, firm, and stable
pathway (usually concrete)
proximity to astreet or highway
separated from vehicular traffic an
designed fothe preferential or
exclusiveise by pedestrias
walkway is a dedicated path.

1 Provides safe, stable travel
surface for pedestrian
movements

1 Pedestrian travel increases w
the presence of facilities for fo
traffic and persons using
travelassistance devices

1 ADA compliance requirement
assuremobility-impaired
individualsa navigable route

1 Requires commitment of a portiq
of the roadwagightof-way to
motivation other than motorized
vehicles

9 Lack of seamless system or
network of sidewalks can create|
safety issues

1 Walkways constructed with asplk
crushed stone, or other material
require more maintenance and (
negatively affect the travel of
mobilityimpaired individuals

1 Traditional treatment for
accommodating pedestrian
movements requires no specia
actions to implement

1 It is desirable to have swdalks
on both sides of a roadway

1 Education and enforcement
relative to the maintenance of
sidewalk surfaces by property
owners

Image Library, Pedestrian a
at www.pedbikeimages.orghoto

Where bulb outs or curb extension
are installed, the width of the stree
pavement is reduced, usually by th
width of the parking lane. As such,
parking is framed by these feasur
which often are landscaped and m
include street furniture.

1 Improves visibility for
pedestrians and motorists

1 Discourages vehicle operators
from parking in a crosswalk or
blocking a curb ramp.

1 Bulb outs require motorists to
slow down, as threadway is
narrowed.

1 The crossing distance for
pedestrians is shortened;
therefore, the time pedestrian
are exposed to traffic also is
reduced.

1 Little or no additional cost, if
developed during street
reconstruction

1 Reduces roadway capacity, if th
outside lane is for free moveme
of vehicles and not committed tq
parking.

9 May result in lost parking space
depending on the design

1 Planningtraffic, and engineerin
studies t@ssure appropriate
design standards are adopted

1 Coordination with property
owners that may be affected b
traffic changes and potential
parking changes

1 Signing to alert motorists of
change in geometry at the
intersection

Marked Crosswalks

A marked crosswalk is any portion
the roadsurfaceoutlined by painted
markings or a differetexture(e.g.,

paverkfor the express purpose of
accommodating travel by persons
foot or in a nommotorized vehicles

1 Generally presert a
intersections where there is
heavy traffic volumes

1 Useful in locations where ther
substantial pedestrian traffic,
such as near smils, parks, and
other actiyy sites attracting
pedestrians

1 Increases motorist awareness
the presence of pedestrian trg

1 Clarifies for pedestrians wherg
they should cross the street in
the safest manner

1 Without other associated
improvements (e.gslands, curb
extensions, lighting, signage),
marked crosswalks do not
necessarily increase the security
the pedestrian

9 Marked crosswalksuatsignalized
locations, i.e., midlock, require
stable and substantial pedestrial
traffic

9| Textured or colored @sswalks ar
popular, but less visible to
operators of motor vehicles and
require more maintenance

9 Textured crosswalks may make
more difficult for persons with

disabilities to negotiate the cros

1 Planning to accommodate
potential pedestrian traffiéthin
a defined, formal netwook
roads and streets

1 Design standards must be
adopted to establish facility wig
signing needs, and surface
standards

9 Programmatic funding must be
considered to assure adequate
network development and
maintenance
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