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INTRODUCTION 
A multi-level network alternatives 
screening process will be used to 
ultimately arrive at the preferred 
alternative for the Central Phoenix 
Transportation Framework Study. 

Phase I begins the process with 
identification of a broad collection 
of transportation improvement 
strategies by mode or action 
followed by formulation of a field of 
five or ten candidate multi-modal 
mobility improvement concepts that 
incorporate varying travel modes 
and investment levels.  A criteria- 
and performance-based assessment 
will be conducted at the conclusion 
of Phase I to develop three 
alternative bundles incorporating 
the best elements of the mobility 
improvement concepts. 

Phase II continues the process with 
an iterative planning, engineering, 
and operations evaluation of the 
three bundles.  This activity focuses 
on defining the preferred elements 
of each bundle that will comprise the Best Performing Multi-Modal Transportation Framework Plan.  This Plan then will be the focus of a mobility and 
land use sensitivity assessment to refine its various components in accordance with community goals and objectives. 

The following matrices document the first step in the screening process ð identification of the collection of transportation improvement strategies by 
mode.  Based on review of project goals and objectives and stakeholder feedback, this collection of strategies 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 Transportation (ADOT) defines two different types or categories of interchanges:  Service Interchange and System Interchange.  Service interchanges typically are provided at 
each arterial street with a minimum spacing of one mile.  The crossroad portion of the interchange typically is designed to match the existing or future street section, as defined by the local agencyõs 
adopted transportation plan.  This includes the number of through lanes, lane widths, and inclusion of bicycle lanes.  Sufficient street section width generally is provided for bicycle lanes, but the bike lanes 
are not defined with pavement markings.  System interchanges typically are associated with connectivity between two freeway facilities.  Evaluation of requirements for a system interchange involve study 
of the overall freeway system, approaching and departing the interchange, including:  the interim and ultimate number of lanes planned for each freeway corridor, the number of added lanes approaching 
the interchange to facilitate the interchange exit ramps, and the number of added lanes departing the interchange due to the directional ramps.  The lane balance at the system interchange should include 
evaluation of service interchanges upstream and downstream of the system interchange. 

Concept Description Advantages Disadvantages Implementation 

Diamond Interchange Approaching the interchange from 
either direction, an off-ramp 
diverges only slightly from the 
freeway and runs directly across the 
minor road, becoming an on-ramp 
that returns to the freeway in similar 
fashion. 

¶ Uses less space than most types of 
freeway interchanges 

¶ Avoids interweaving traffic flows 
that occur in interchanges  

¶ Most effective in areas where 
traffic is light and a more 
expensive interchange type is not 
needed 

¶ Ramp intersections may also be 
configured as a pair of 
roundabouts 

¶ Where traffic volumes are higher, the 
two intersections of the interchange 
often feature additional traffic 
control measures such as signals and 
extra lanes dedicated to turning 
traffic 

¶ Storage for left-turns to the on-
ramps may be limited, resulting in 
spillback to adjacent ramp terminal 

¶ Suitable for areas without 
special constraints 

¶ Not suitable where there is a 
high volumes of left-turning 
traffic 

Single-Point Urban Interchange (SPUI) 
 

 

Approaching the interchange, the 
off-ramp diverges and splits at the 
crossing minor road. Left-turns are 
signal-controlled; right-turns yield 
to crossing traffic. Left turning 
traffic from both off-ramps are able 
to turn simultaneously without 
crossing the path of the opposing 
left turns. Left-turning traffic to 
both on-ramps occurs in the same 
fashion. 

¶ Allows opposing left turns to 
proceed simultaneously by 
compressing the two intersections 
of a diamond into one single 
intersection over or under the free-
flowing road 

¶ Traffic passing through the 
interchange can be controlled by a 
single three-phase signal. 

¶ SPUIs also allow for wider turns, 
easing movement for large vehicles 
such as buses, trucks and RVs. 

¶ Increased cost due to the need for a 
longer or wider bridge  

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

¶ Traffic signals need a longer yellow 
and red phase to clear the 
intersection. 

¶ Pedestrians and bicyclists may not 
able to pass through the intersection 
on a single green light 

¶ Suitable for areas with limited 
right-of-way 

¶ Suitable for intersections with 
high volumes of left-turning 
traffic 

¶ Driver familiarity 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


 

 

3 

TRAFFIC INTERCHANGE CONCEPTS (Continued) 
Concept Description Advantages Disadvantages Implementation 

Diverging Diamond Interchange (DDI)  Approaching the interchange, the 
off-ramp diverges and splits at the 
crossing minor road. Both 
directions of traffic on the minor 
road cross to the opposite side on 
both sides of the freeway overpass. 
As no left turns must clear 
opposing traffic and all movements 
are discrete, the interchange 
operates with a two-phase signal. 

¶ Two -phase signal with short cycle 
lengths, significantly reducing lost-
time and delay  

¶ Reduced design speed theoretically 
provides safety enhancements. 

¶ Increases the capacity of turning 
movements to and from the ramps  

¶ May potentially reduce the number 
of lanes on the crossroad, 
minimizing impacts to existing 
right-of-way  

¶ Substantially reduces the number 
of conflict points, theoretically 
improving safety  

¶ Theoretically improves pedestrian 
safety 

¶ Drivers may not be familiar with 
geometry, different merging 
requirements, and reversed-flow 
traffic operation  

¶ Pedestrians required to cross 
free-flowing traffic on freeway 
ramps;  however, signalized 
pedestrian movements can be 
implemented without impacting the 
two-phase signalization 

¶ Free-flowing traffic in both 
directions on the minor road is 
impossible; signals cannot be green 
at both intersections for both 
directions simultaneously 

¶ Suitable for locations with 
high left-turning traffic 
volumes from the crossing or 
minor roadway to the main 
highway 

Parkway Grade-Separated Interchange 
(PGSI) 

 

Incorporates the indirect left-turn 
movements of an at-grade parkway 
intersection by directing left turns 
on to the crossing road (another 
parkway or minor arterial) 
downstream from the intersection, 
where opposing direction right 
turns also enter the crossing 
parkway or arterial.  

¶ Parkway-to-parkway movements 
maintaining operational 
consistency with indirect, left-turn 
intersection treatments 

¶ Two -phase signal operation 

¶ Right turns to intersecting roadway 
are not signal controlled 

¶ Minimizes left-turn conflicts 

¶ Requires significantly less 
right-of-way than more traditional 
interchange types 

¶ Less pedestrian friendly with 
crossings at two locations per ramp 

¶ Suitable for accommodating 
high traffic volumes at major 
parkway intersections 

¶ Complements the operational 
environment of the Arizona 
Parkway, which employs 
indirect left turns 

Cloverleaf 
 

A two-level interchange in which 
left turns are accomplished via loop 
roads or ramps exiting to the right 
from the freeway and curving 
around to permit merging on to the 
crossing or intersecting roadway. 

¶ Free-flowing; does not require 
traffic signals 

¶ Originally created for busier 
interchanges that typical diamond 
interchange could not handle 

¶ Weaving caused by merging of 
exiting and entering traffic in the 
same lane; weaving activity can be 
moved from freeway main lanes with 
construction of collector/distributor 
lanes 

¶ Large transport trucks may require 
large radii on the loop ramps, 
resulting in larger right-of-way 
footprint 

¶ Viable option for interchange 
of traffic between freeways 

¶ Requires a considerable 
amount of land for 
rights-of-way 

¶ Partial cloverleafs are often 
used where land is not 
available (see 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 a cloverleaf 
interchange, commonly where 
ramps can be added to include 
deceleration lanes without widening 
the street overpass/underpass; there 
are numerous variants of this type. 

¶ Ramps are also usually longer and 
allow for higher speeds 

¶ Requires less right-of-way than a 
traditional cloverleaf 
 

¶ Not all left-turn movements may be 
eliminated, requiring signalization for 
some configurations 

¶ Well-suited to suburban areas 
with high traffic levels 

¶ Employed where right-of-way 
is constrained 

Partial Cloverleaf (Parclo) 

 

This type used where one highway 
terminates at another highway; loop 
ramps, entering or leaving the 
terminating roadway, connect traffic 
in the far lanes of the continuous 
highway. 
 

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

¶ Suitable for lower-traffic volumes 

¶ May be somewhat disorienting for 
drivers of the terminating roadway 

¶ Suitable for locations where 
one freeway terminates at 
another freeway 

¶ 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 in 
between the crossing highways. 

¶ Generally more economical than 
other interchange types in terms of 
materials and land 

¶ Reduced number of conflict points 

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

¶ Reduces delay, even if both 
roadways are at-grade 

¶ Cost savings accrue with 
elimination of signalization 
equipment and apparatus 

¶ Capacity is limited by geometrics 

¶ Can become congested easily with 
high traffic volumes 

¶ Design can provided refuge for 
pedestrians; however, continuous 
traffic flow creates crossing issues 
for pedestrians 

¶ Signal preemption for emergency 
vehicles is not possible 

¶ Can be an alternative to large 
grade-separated interchanges 

¶ May not be appropriate where 
there is significant difference 
in directional volume during 
peak periods, where dynamic 
adjustment of signals can 
favor traffic flow in the peak 
direction 

 

http://en.wikipedia.org/wiki/Cloverleaf_interchange
http://en.wikipedia.org/wiki/Cloverleaf_interchange
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FREEWAY IMPROVEMENT CONCEPTS 
  

Concept Description Advantages Disadvantages Implementation 

Collector/Distributor (C/D) or 
Collector Express Lanes 

 

One-way lanes next to the general 
purpose lanes of a freeway used as a 
transition between on/off ramps, 
removing weaving from the main 
lanes of the freeway, particularly at 
cloverleaf  and closely spaced 
ramps/interchanges. Designed to 
handle closely spaced interchange 
ramps without disrupting through 
traffic. 

¶ Removes ingress/egress 
movements from the main or 
express lanes of the freeway 

¶ Allows main lanes to serve greater 
amount of through movements in 
areas where there is local access 

¶ Requires substantial right-of-way 

¶ Often a reconstruction action, 
which means traffic flow 
disruptions 

¶ Built to freeway standards 

¶ Potential need for additional 
right-of-way 

¶ Signing and striping to guide 
drivers through the two-level 
travel hierarchy 

Rail-in-Freeway 

 

Rail transit guideway is located in the 
median of the freeway with station 
located on crossing arterial roadway 
overpasses or alongside the freeway 
with passenger overpasses to median 
platform. 

¶ Uses available public right-of-way 

¶ Enables dual use of arterial 
overcrossing 

¶ Advantageous for collecting 
passengers from park-and-ride lots 
next to freeway 

¶ Exclusive, grade-separated 
transitway reduces potential for 
train delay 

¶ Minimizes train operating impacts 
on neighborhoods 

¶ Can stimulate higher density 
development pattern in the corridor 
where implemented 

¶ Passengers wait in an area 
dominated by vehicle noise and 
pollution 

¶ Land uses and development 
density adjacent to freeways may 
not generally be conducive to 
generating a large number of 
transit trips 

¶ Established freeway corridor may 
not be optimal alignment for 
transit service 

¶ Temporary construction impacts 
on freeway traffic 

¶ Adequate median width to 
accommodate transitway 

¶ Coordination with state or 
county highway officials 

¶ Intergovernmental Agreement 
(IGA) for the use of right-of-way  

H igh-Occupancy Vehicle (HOV) Lanes 
 

HOV lanes, sometimes referred to as 
òDiamondó lanes, have been created 
specifically for use by specified types 
of vehicles to help move more people 
through congested areas. The lanes 
are intended to provide fast, reliable 
travel for HOV users at any time of 
the day - particularly during peak 
travel periods when other lanes can 
be slow and congested. 

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

¶ Personal Vehicle  with 2+ persons 

¶ Commercial truck less than 
6.5 meters long  

¶ Motorcycle  

¶ Taxi or limousine 

¶ Bus 

¶ Alternate Fuel Vehicle (AFV) 

¶ Certain hybrid vehicles 

Typically, the following vehicles 
cannot use the HOV lanes: 

¶ A vehicle with only the driver  

¶ Commercial trucks greater than 
6.5 meters in length or with a 
gross weight of more than 
4,500 kg 

¶ Taxis or limousines without a fare 

TIME FRAMES (Phoenix Area) 

¶ Restricted during certain hours in 
the Phoenix metropolitan area: 6 
a.m. to 9 a.m. and 3 p.m. to 7 
p.m. 

¶ HOV time restrictions are 
applicable to holidays 

¶ During the other hours, and all 
weekend long, anyone can use 
the HOV lane 

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

 
 

I-290, Eisenhower Expy, Chicago, IL, Google Maps 

http://en.wikipedia.org/wiki/Freeway
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FREEWAY IMPROVEMENT CONCEPTS (Continued) 
Concept Description Advantages Disadvantages Implementation 

Ramp Management 
 
 
 
 
 
 

A mechanical process that controls 
the amount of traffic that can enter 
the freeway.  

¶ Aids in maintaining operational 
efficiency 

¶ Reduces turbulence on the freeway 
mainline by smoothing out the flow 
of vehicles entering the traffic 
stream 

¶ Best used where ramp queues 
jeopardize safety 

¶ Ramp meter delays and queuing 
could result in spillback and 
congestion on crossing facility 

¶ Exercised through ramp 
metering and ramp closure, by 
regulating the rate at which 
vehicles enter the main lanes of 
the freeway   

Texas U-Turn (or Texas Turnaround) A Texas U-turn, or Texas turnaround, is 
a dedicated lane allowing cars 
traveling on one side of a one-way 
frontage road to U-turn into the 
opposite frontage road (typically 
crossing over or under a freeway or 
expressway) without being stopped by 
traffic lights or crossing the highway 
traffic at-grade. It is particularly 
common in Texas, where frontage 
roads have been developed along 
most freeways to accommodate 
commercial development. 

¶ Avoids the need for the U-turning 
vehicle to pass through the traffic 
signal at an interchange, as at a 
diamond interchange or SPUI 

¶ Creates opportunities to access 
properties fronting the freeway 
right-of-way from both directions 
of travel 

¶ Good method for connecting an 
arterial, albeit indirectly, to a 
freeway where a conventional 
interchange cannot be 
accommodated (Beardsley Road is 
the example shown in the diagram) 

¶ Usually would require an 
additional bridge to cross over 
the highway or an expansion of 
the freeway overcrossing 

¶ May create some confusion for 
drivers, who may see U-turn lane 
as part of a SPUI 

¶ Built to freeway standards 

¶ Potential need for additional 
right-of-way, if decal or accel 
lanes are required 

¶ Signing and striping to guide 
drivers 

  

Metered Ramp with Bus Bypass Lane, 

Ramp Management & Control, FHWA 
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ITS IMPROVEMENT CONCEPTS 
  

ITS refers to Intelligent Transportation Systems, which encompasses a multitude of technology-oriented activities (see accompanying graphic display of applications) with the goal of using dynamic, and 
often time-sensitive, information and communications to support the transportation infrastructure and vehicles utilizing the transportation infrastructure.  ITS is directed toward efforts to manage factors 
that typically create conflicts within the transportation system, such as operating vehicles, vehicle loads, and routes.  The objective is to improve safety and reduce vehicle wear, transportation times, fuel 
consumption.  These applications are specifically relevant to improving the operation of freeways and arterials.  

Concept Description Advantages Disadvantages Implementation 

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

 
 

Through AZTech, many municipal 
TMCõs, and the ADOT TMC, are 
already connected and share devices, 
images and data. Regional ICM would 
integrate new measures like ATM 
with existing ITS, surface street traffic 
control, transit and parking. 

¶ Travelers expect a seamless, reliable 
travel experience where they are 
safe and well informed regardless 
of which road they travel within 
Central Phoenix. 

¶ Regional integration requires 
initial and on-going expenditures 
on cooperative planning, 
engineering, operations and 
maintenance 

¶ Regional integration involves 
development and adoption of 
policies and standard operating 
procedures, commitment of 
shared resources and a 
maintenance of  an organization 
structure dedicated to service 

Active Traffic Management (ATM) for 
Freeways 
 

 

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

¶ ATM has been proven to reduce 
accidents up to 30% on European 
motorways. Two cities in the U.S. 
have installed it and preliminary 
results are good. ATM can be used 
for congestion prevention and 
mitigation, and incident 
management 

¶ 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. 
systems will likely require police 
enforcement 

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

Managed Lanes Managed lanes include HOV/HOT & 
Express Lanes where certain lanes are 
designated for use by a particular class 
of vehicles (e.g., buses, carpools). 
Lane use control uses dynamic signing 
to indicate the operational status of 
the lane and who may use it.  Concept  
is typically applied to freeway 
facilities. 
 

¶ Maximizes benefits and use of 
existing pavement 

¶ Improves safety 

¶ Increases flow stability and 
efficiency of freeway operations 

¶ Complimentary to ATM and can 
share the same equipment 

¶ Requires centralized control 
facility and equipment 

¶ Active monitoring and 
intervention of traffic flow is 
necessary 

Typically exercised through use of 
signs (static and dynamic), 
temporary traffic control devices, 
economic incentives and 
disincentives, and law enforcement 

   

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 CONCEPTS (Continued)   
Concept Description Advantages Disadvantages Implementation 

Intellidrive SM 

 

 
 

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

¶ Provides a way to capture existing 
low cost data sources (e.g. 
Bluetooth) of use to transportation 
managers 

¶ Has both safety and efficiency 
benefits 

¶ Requires data sharing agreements 
and public/private partnerships 

¶ Program is set to move from 
research into deployment in 2012 

¶ Pilot funding grants are likely to 
be made available to support 
implementation 

Dynamic Information Dissemination 
 

 
 

Provides the necessary information 
travelers need to effectively plan their 
trip prior to departure, and when en-
route, to avoid incidents and adjust 
driving behavior. 

¶ Reduce traffic flow through work 
zones 

¶ Reduce travel delay 

¶ Improve safety through reduced 
congestion 

¶ Improve trip reliability 

¶ Requirements for highly trained 
staff 

¶ Vulnerability of sophisticated 
technology to extraordinary 
events 

¶ Extensive coordination with area 
stakeholders and regional 
Transportation Management 
Center (TMC 

¶ Need to establish information 
sharing procedures 

Incident Management 
 

 
 

An operational approach that 
employs all of the available resources, 
including human and technological, to 
identify, manage, and clear incidents 
from a freeway in a quick and 
effective manner. 

¶ Reduce congestion 

¶ Reduce travel delay 

¶ Improve recovery time  

¶ Requirements for highly trained 
staff 

¶ Requires capital outlays for 
sophisticated technology 

¶ Requires coordination with TMC 

¶ Requires coordination among 
various community and regional 
agencies responsible for specified 
assistance 
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Source: Applications Overview, Intelligent Transportation Systems, Research and Innovative Technology Administration, U.S. Department of Transportation 
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PARKWAY FACILITY IMPROVEMENT CONCEPTS 
  

Concept Description Advantages Disadvantages Implementation 

Eight -Lane Parkway     

Indirect Left -Turn Parkway 

 

An 8-lane divided roadway with a 
broad landscaped median, major 
arterial signalized intersections 
every mile, minor arterial signalized 
intersections every 1/ 2 mile, and 
stop-controlled collector roadway 
intersections at ¼ mile spacing. All 
intersections operate on the 
concept of downstream, indirect 
left turns, often reference as the 
Michigan Left-Turn (MLT) design. 

¶ Capacity of approximately 90,000 
vehicles per day (vpd); 975 to 1,025 
vph per through lane 

¶ Two-phase signals reduce delay 
compared to Traditional Parkway 

¶ Improved safety at intersections, due 
to reduction in conflict points 

¶ Limited access improves traffic flow 

¶ Can be tolled 

¶ Requires additional 
right-of-way: minimum of 
200 feet, with 60-foot median 
when fully developed; 
intersections add 25 feet to 
ROW requirement 

¶ Traffic operations pattern is 
unique and can be confusing for 
drivers not familiar with indirect 
left-turn maneuvers 

¶ Heavy vehicles generally are 
excluded from use of the facility 

¶ Most successful when 
implemented with an Access 
Management Plan 

¶ 45 miles per hour 

¶ Depending on ultimate financing, 
an Authority may be required to 
manage and administer the 
parkway 
 

Traditional Parkway 
 

 
 

A 6-lane divided roadway with a 
broad landscaped median, major 
arterial signalized intersections 
every mile, minor arterial signalized 
intersections every 1/ 2 mile, and 
stop-controlled collector roadway 
intersections at ¼ mile spacing. All 
intersections operate with 8 signal 
phases that accommodate left-turns 
at the intersection. 

¶ Capacity of approximately 62,000 
vehicles per day (vpd); 600 to 675 
vph per through lane 

¶ Limited access improves traffic flow 

¶ Can be tolled 

¶ Additional signal phases 
required to accommodate left 
turns results in increased delay 

¶ Heavy vehicles generally are 
excluded from use of the facility 

¶ Most successful when 
implemented with an Access 
Management Plan 

¶ Depending on ultimate financing, 
an Authority may be required to 
manage and administer the 
parkway 

Parkway Grade-Separated Interchange 
(PGSI) 

 

Incorporates the indirect left-turn 
movements of an at-grade parkway 
intersection by directing left turns 
on to the crossing road (another 
parkway or minor arterial) 
downstream from the intersection, 
where opposing direction right 
turns also enter the crossing 
parkway or arterial.  

¶ Parkway-to-parkway movements 
maintaining operational consistency 
with indirect, left-turn intersection 
treatments 

¶ Accommodates high volumes of 
major parkway intersections 

¶ Two-phase signal operation 

¶ Right turns to intersecting roadway 
are not signal controlled 

¶ Minimizes left-turn conflicts 

¶ Requires significantly less 
right-of-way than more traditional 
interchange types 

¶ Less pedestrian friendly with 
crossings at two locations per 
ramp 

¶ Suitable for accommodating 
high traffic volumes at major 
parkway intersections 

¶ Complements the operational 
environment of the Arizona 
Parkway, which employs 
indirect left turns 

  

Design Guideline Recommendations for AZ Parkway, 

MCDOT, August, 2008 
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PARKWAY IMPROVEMENT CONCEPTS (Continued)   
Concept Description Advantages Disadvantages Implementation 

Transit-on-Parkways (TOPS) 
 

 
 

Transit guideway is located in the 
median of the parkway with station 
located in the median or on 
crossing arterial roadway 
overpasses, potentially with 
passenger overpasses to median 
platform. 

¶ Uses available public right-of-way 

¶ Enables dual use of arterial 
overcrossing 

¶ Advantageous for collecting 
passengers from park-and-ride lots 
next to parkway 

¶ Exclusive, grade-separated transitway 
reduces potential for train delay 

¶ Minimizes train operating impacts on 
neighborhoods 

¶ Can stimulate higher density 
development pattern in the corridor 
where implemented 

¶ Passengers wait in an area 
dominated by vehicle noise 
 

¶ Adequate median width to 
accommodate transitway 

¶ Coordination with state or 
county highway officials 

¶ Intergovernmental Agreement 
(IGA) for the use of 
right-of-way  
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TOLL FACILITY CONCEPTS 
  

A privately or publicly built road requiring payment of a toll (a fee) for use. The building or facility facilitating collection of the toll is variously referred to as a toll booth, toll house, toll plaza, toll station, 
toll bar, or toll gate. 

Concept Description Advantages Disadvantages Implementation 

Physical Variants 

Open Road Tolling (ORT) 

 

Incorporates multiple toll plazas at 
strategic locations determined to 
provide appropriate level of access.  
Incorporates a new kind of tolling 
system that allows drivers, who have 
an electronic device, to pay their toll 
electronically without slowing down to 
pass through a toll booth. 
 

¶ Faster through movements 

¶ No lines 

¶ No slowdowns 

¶ No lane changing ð jockeying for a 
open booth 

¶ Improved traffic flow reduces fuel 
consumption and vehicle emissions 

¶ Different electronic pay systems 
can create incompatibilities 
among toll facilities 

¶ Requires extensive right-of-way 
for tolling booths adjacent the 
highway main lanes 

¶ Systems maintenance is critical, 
as revenues depend on accurate 
and timely accounting of users 

¶ Computerized toll system 

¶ Enforcement 

¶ Several stages of testing for 
accuracy 

¶ Management, administration, and 
oversight framework must be 
carefully defined  

Closed 

 

Drivers are issued a ticket at the 
entrance to the tolled segment based 
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 exit. 

¶ Permits toll facility to be segment, 
providing greater flexibility for access 
to locations along the route 

¶ Greater control of tolls charged for  
facility segments  

¶ Additional toll booths required 
for each segment terminus 

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

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

¶ Enforcement 

¶ Management, administration, and 
oversight framework must be 
carefully defined 

All-Electronic No cash toll collection takes place. 
Fees or tolls for use are usually 
collected with the aid of a transponder 
mounted on the windshield of each 
vehicle, which results in a debit to the 
driverõs account. 

¶ Possible to support open-road 
tolling, where the driver does not 
need to slow at all through the toll 
gate 

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

¶ Reduces manpower requirements 

¶ Increase traffic flow and fuel 
efficiency 

¶ Requires a billing and collection 
process 

¶ Requires transponder to be 
mounted on vehicle to debit 
prepaid account 

¶ System failure can create serious 
traffic congestion 

¶ Systems maintenance is critical, 
as revenues depend on accurate 
and timely accounting of users 

¶ Enforcement 

¶ Management, administration, and 
oversight framework must be 
carefully defined 

Ohio Turnpike (I-80) Toll Gate, SR-53, Fremont/Port 

Clinton, OH, Google Maps 

Electronic Tolling, Tri-State Tollway, Hazel Crest, IL, 

Nate at Wikipedia 

From Brochure:  E-Z Pass, The Lure of the 
Open Road & Electronic Tolling, New 
Hampshire DOT 

http://en.wikipedia.org/wiki/Road
http://en.wikipedia.org/wiki/Toll_house
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TOLL FACILITY CONCEPTS (Continued) 
Concept Description Advantages Disadvantages Implementation 

Tolling Variants 

Time-Based Charges The driver/user pays for a given 
period of time in which he/she may 
use the toll facility. 

¶ Specific cost for specific use, 
eliminates 

¶ Segments the traveling public by 
offering òspotsó on the facility at a 
premium price 

¶ Helps to alleviate congestion 

¶ More complicated toll charging 
process 

¶ Pricing must reflect travel 
demand 

¶ Time-based toll schedule 

¶ Enforcement 

¶ Management, administration, and 
oversight framework must be 
carefully defined 

Access Fee The driver/user pays for access to a 
specific zone portion of the facility for 
a period of time (e.g., several days). 

¶ Reduces the frequency of toll 
collection 

¶ More complicated toll charging 
process 

¶ Pricing must reflect travel 
demand 

¶ Enforcement 

¶ Management, administration, and 
oversight framework must be 
carefully defined 

Open Tolling  

 

The driver/user passes through 
mainline toll plazas at set intervals or 
pays for use of a well-defined special 
and comparatively costly infrastructure, 
e.g., bridge, tunnel.  

¶ Adaptable to charging a toll in only 
one direction, assuming a large 
portion of users are involved in 
roundtrips 

¶ Can result in traffic congestion, 
as all vehicles must stop at each 
plaza 

¶ Can result in òshunpiking,ó 
wherein drivers divert around 
or skirt the segment of highway 
subject to tolls or fees 

¶ Enforcement 

¶ Management, administration, and 
oversight framework must be 
carefully defined 

¶ Design to preclude avoidance of 
toll collections points 

Distance Charges The driver/user is charged for the total 
distance driven in a defined area. 

¶ Fixed toll based on measurable 
distance of travel 

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

¶ Enforcement 

¶ Management, administration, and 
oversight framework must be 
carefully defined 

  

New Jersey Turnpike Toll Plaza at George Washington 

Bridge, Teaneck, NJ, Google Maps 
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ARTERIAL ROADWAY IMPROVEMENT CONCEPTS   

Concept Description Advantages Disadvantages Implementation 

Eight -Lane Facility Arterials are continuous routes 
designed to provide a high degree of 
mobility through a corridor and, 
generally, serve longer vehicle trips to, 
from, and within urban areas. 
Supports travel to/from major activity 
centers and serve higher 
density/higher intensity lane uses.  

¶ Serves community-wide travel, e.g., 
trips of 5-10+ miles 

¶ Facilitates operation of the 
regional transit system 

¶ Generally accommodates speeds 
of 35+ miles per hour 

¶ 8-Lane Arterial: 
- ROW 154 feet 
- Roadway Width 126 feet, 
including median of 14 feet 
- over 60,000 vehicle trips per day 

¶ Significant restrictions on access 
to adjacent land uses 
 

¶ Planning 

¶ Engineering 

¶ Funding 

¶ Construction 

¶ Maintenance 

Six-Lane Facility See Eight-Lane Facility ¶ Serves community-wide travel, e.g., 
trips of 5-10+ miles 

¶ Facilitates operation of the 
regional transit system 

¶ Generally accommodates speeds 
of 35+ miles per hour 

¶ 6-Lane Arterial: 
- ROW 130 feet 
- Roadway Width 102 feet, 
including median of 14 feet 
- up to 60,000 vehicle trips per day  

¶ Significant restrictions on access 
to adjacent land uses 
 

¶ Planning 

¶ Engineering 

¶ Funding 

¶ Construction 

¶ Maintenance 

Transit Lanes 

 

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

¶ Can be used by emergency 
vehicles, motorcycles, and bicycles 

¶ Right side bus-only/HOV lanes 
are compatible with transit 
boarding and alighting patterns 

¶ No significant roadway 
improvements are required 

¶ Low initial capital investment 

¶ Less potential for disruptions to 
turning movements at 
intersections  

¶ Variant sometimes is used as a 
means for transit to bypass ramp 
control signals at freeway 
entrances 

¶ Can be confusing, due to 
changes in function throughout 
the day 

¶ Enforcement of restricted lane 
use 

¶ Potential conflicts with 
right-turning movements at 
driveways and intersections 

¶ On-street parking and delivery 
zones may be impacted 

¶ Generally, operates in the main 
direction of travel during peak 
periods and revert to normal 
lanes in off-peak, although they 
can operate throughout the day, 
depending of passenger loads 

W. Bell Road, Peoria/Glendale, Google Maps 

Mission Street Transit Lane, San Francisco, Google Maps 

Thunderbird Rd, Phoenix, AZ, Google Maps 
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ARTERIAL ROADWAY IMPROVEMENT CONCEPTS (Continued) 
Concept Description Advantages Disadvantages Implementation 

Access Management 

 

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

¶ Reduces number of conflict points 
along a travel corridor 

¶ Separate conflict points in distance 
as much as possible when they 
cannot be eliminated  

¶ Increases roadway capacity 

¶ Reduces traffic conflict points and 
incidence of crashes 

¶ Reduces the number of signalized 
intersections, improving travel 
time 

¶ Results in a safer pedestrian 
environment by reducing turning 
movements 

¶ Can result in cost savings for signal 
equipment 

¶  

¶ Can be overlooked due to low 
cost and low tech approach 

¶ Typically requires more detailed 
traffic and safety analyses 

¶ Direct coordination with 
property owners and general 
public 

¶ Physical turn prohibition via 
restrictive or directional median 
design 

¶ Prohibit peak-hour turns via 
signing and enforcement 

¶ Right or easement for access 
may not be taken or 
substantially impaired without 
due process and reasonable 
compensation 

¶ Policies 

¶ Directives 

¶ Guidelines 

¶ Regulation 

¶ Acquisition 

¶ Development Review 

¶ Detailed traffic and safety 
analyses 

¶ Direct coordination with 
affected property owners 

¶ Coordination among public 
authorities responsible for or 
impacted by the affected facility 

¶ Extensive public outreach and 
information effort 

Unconventional Intersection Treatments Commonality of unconventional 
intersection design treatments is the 
elimination relocation of left turns at 
major arterial intersections by 
instituting various geometric design 
solutions and traffic-control measures. 

¶ Elimination or relocation of 
left-turn movements 

¶ Reduce the number of signal 
phases 

¶ Out-of-direction travel 

¶ Increased reliance on signing 
and pavement markings 

¶ Different Types: 
- Median U-Turn 
- Jughandle 
- Continuous Flow 
- Quadrant Roadway 

 

 Indirect or Median Left-Turn 

 

Involves elimination of direct left 
turns at signal-controlled intersections 
from major and/or minor approaches. 
Drivers desiring to turn left from the 
major street must first travel through 
the at-grade, signal-controlled 
intersection, then execute a U-turn at 
a median opening downstream of the 
intersection. Drivers then turn right at 
the cross street. Drivers desiring to 
turn left from the cross street must 
first turn right and travel to a median 
opening on the major street 
downstream of the intersection. 
Drivers then make a U-turn and 
proceed back through the signalized 
intersection. 

¶ Reduces delay 

¶ Better progression for through 
traffic on the major arterial. 

¶ Increases intersection capacity 

¶ Reduces risk to crossing 
pedestrians 

¶ Fewer and more separated conflict 
points 

¶ Two-phase signal control allows 
shorter cycle lengths and more 
flexibility in traffic signal 
progression 

¶ Possible driver confusion and 
disregard of left-turn 
prohibition at the main 
intersection 

¶ Possible increased delay, travel 
distances, and stops for left-
turning traffic 

¶ Greater right-of-way required 
for the major arterial 

¶ Higher operation and 
maintenance costs attributable 
to additional traffic signal 
control equipment, if directional 
crossovers are signalized 

¶ Longer minimum green times 
for cross street phases or 
two-cycle pedestrian crossing 

¶ Can be implemented with and 
without signal control at the 
median (crossover) openings on 
the major road  

¶ Requires wider median to 
accommodate truck turning 
movements. 

¶ Provision of loons (bulb-outs) 
on roads with narrow medians 
can reduce right-of-way 
requirement 
 

  

Safe Access is Good for Buisiness, FHWA Access Mgmt 



 

 

16 

ARTERIAL ROADWAY IMPROVEMENT CONCEPTS (Continued) 
Concept Description Advantages Disadvantages Implementation 

Freeway Grade-Separated Crossings 

 
 

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

¶ Improved traffic operations at 
adjacent traffic interchanges 

¶ Improved multi-modal 
neighborhood connectivity 

¶ Potential neighborhood traffic 
impacts 

¶ Land use compatibility 
 

¶ Temporary construction impacts 

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

Railroad Grade-Separated Crossings

 

Introduction of a new grade-separated 
crossing over a railway to alleviate 
impacts of train activity. 

¶ Eliminates delays associated with 
railroad gate down-time.  

¶ Improved safety by reducing 
conflict points 

¶ Modifies access to adjacent 
properties 

¶ Potential visual impacts 
 
 

¶ Temporary construction impacts 

¶ Coordination with railroads 
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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 primary methods for accomplishing this are to improve traffic operations at signalized 
intersections and minimize access. 

Direct Capacity Increase: Short-Term Add approach lanes along the major 
street at the key intersections. 

¶ Reduces overall intersection delay 
by increasing capacity for the major 
through movements 

¶ Can be accomplished with no or 
minimum additional right-of-way 

¶ Additional lane is usually tapered 
back after crossing through the 
intersection, requiring merging 
and creating additional conflict 
points 

¶ Considered a short-term 
improvement 

¶ Traffic studies 

¶ Intersection control and 
progression analysis 

¶ Signing and signal changes 

Direct Capacity Increase: Long-Term Increase the length of left- and 
right-turn auxiliary lanes along the 
major street to accommodate the 
greater of the turning lane or through 
lane peak queue. 

¶ Improves intersection capacity by 
eliminating delays caused by 
spillback in adjacent travel lanes 

¶ May require additional 
right-of-way 

¶ Potential modification of 
existing access patterns 
 

¶ Advanced traffic and engineering 
studies to evaluate project 
feasibility 

¶ Likely acquisition of additional 
right-of-way 

¶ Signing and signal changes 

Indirect Capacity Increase: Short-Term Increase the number of approach lanes 
for the intersecting side or cross street 
including intersecting expressway ramp 
terminals. 

¶ Increases green time for the major 
street 

¶ Can sometimes be accomplished 
with no or minimum additional 
right-of-way 

¶ Reduces allotted green time to 
the intersecting crossing or side 
street 
 

¶ Traffic studies 

¶ Intersection control and 
progression analysis 

¶ Signing and signal changes  

Signal Progression & Optimization Interconnect the signals and provide 
optimum intersection timing and 
phasing to ensure ideal corridor 
progression. 

¶ Can be accomplished with no or 
minimum additional right-of-way 

¶ Must be evaluated within the 
framework of the regional signal 
grid system 

¶ Considered a short-term 
improvement 

¶ Coordination at the regional level 

¶ Investments in interconnect 
technology  
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HIGH-OCCUPANCY VEHICLE (HOV) LANE CONCEPTS 
Concept Description Advantages Disadvantages Implementation 

HOV Direct Access Ramps 

 

Direct access ramps constructed in 
a freeway median allow authorized 
users of HOV lanes to enter and 
exit the HOV lanes located in the 
center of the freeway. Ramps 
connect with a crossing roadway 
or park-and-ride lot. 
 

¶ Improve safety of operations 

¶ Reduced congestion 

¶ Time savings 

¶ Improved travel time reliability for 
both HOVs and general purpose 
freeway traffic 

¶ Drivers merge with traffic that is 
to their right, which limits 
visibility of approaching traffic in 
general purpose lanes of the 
freeway 

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

¶ Eligibility and usage limitations 
must be defined and signage 
posted 

¶ Weight limits may be applied to 
the ramps 

¶ Cost of constructing direct access 
ramps can be quite substantial, 
because they require separate 
structures to be built above 
or below the freeway 

HOV -HOV Direct Connectors 

 

A structure providing 
uninterrupted connectivity 
between HOV lanes on separate 
freeways, enabling HOV vehicles 
to move directly from one freeway 
to the other freeway, without 
entering the general purpose lane 
of either. 

¶ Reduce traffic congestion 
associated with lane changes 

¶ Net travel time savings 

¶ Improved safety; eliminates 
weaving movements across 
mixed-flow traffic 

¶ Eliminates need for additional 
ingress/egress points 

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

¶ Generally will require additional 
structural height relative to the 
existing facilities 

¶ Potential increase in delay for 
mixed-flow traffic 

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

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

¶ Coordination between highway 
and transit agencies expected to 
use the connector 

High -Occupancy Toll (HOT) Lanes 

 

Takes advantage of unused 
capacity by permitting operators of 
vehicles meeting minimum 
occupancy requirement to buy the 
right to use HOV lanes through 
payment of a toll. Typically, tolls 
increase as traffic density and 
congestion within the HOV lanes 
increases to maintain traffic flow, a 
policy known as òcongestion 

pricing.ó 

¶ Expands mobility options for 
drivers willing to pay 

¶ Generates revenue and can be 
self-financing 

¶ Improves the efficiency of HOV 
lanes by enhancing capacity while 
controlling entry through pricing 

¶ Usually reversible to accommodate 
peak traffic loads 

¶ Significantly improves trip 
reliability for toll lane travels 

¶ Often criticized as being an 
environmental tax or perk for the 
rich ("Lexus lanes") 

¶ Contraflow characteristic of 
HOT lanes can create confusion 
for drivers 

¶ Present public relations 
challenges, specifically relative to 
introduction of  tolls 

¶ Require considerable attention to 
roadway management (e.g., 
monitoring and control) and 
incident response 

¶ Generally calls for an all 
electronic toll collection system 

¶ Some systems use 
radio-frequency identification 
(RFID) transmitters to monitor 
entry and exiting of the lane and 
to apply charges to drivers 

¶ RFIDs can be turned off in the 
event there are two or more 
occupants in the vehicle 

¶ New legal and institutional 
structures, as well as operational 
capabilities may be needed 

 
 
 
 

I-405, Bellevue, WA, WSDOT 

West County Connectors Project, OCTA 

SR-91, Orange County, CA, FHWA 

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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HIGH-OCCUPANCY VEHICLE (HOV) LANE CONCEPTS (Continued) 
Concept Description Advantages Disadvantages Implementation 

Express Toll Lanes (ETLs)  

 

All vehicles pay for access 
according to a published schedule. 
Most current facilities are hybrid 
versions: HOVs may pay a reduced 
toll.  Congestion pricing is used to 
manage the number of cars in the 
lanes while maintaining an 
acceptable level of service. 

¶ Increases use of the HOV lanes 

¶ Decrease in delay for motorists 
using the lanes  

¶ Public transit vehicles typically are 
exempt from the toll and, thus, may 
stimulate use of transit 

¶ HOVs often can use the lanes for 
free or at a reduced price 

¶ Revenue for the responsible 
transportation agency 

¶ Perception:  Criticized as being 
an environmental tax or perk for 
those who can afford the toll to 
avoid traffic, giving rise to the 
term òLexus Lanes;ó availability 
for HOV and transit use is an 
attempt to assuage this criticism 

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

¶ Public/Private Partnership (P3) 
opportunities 

 
 

  

91 Express Lanes, 2009 Annual Report, OCTA 
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EXPRESS/MANAGED LANE CONCEPTS      

òManaged lanes are defined as a set of lanes where operational strategies are proactively implemented and managed in response to changing conditions.ó  Typically, this is accomplished by transportation 
agencies through:  regulation of demand; separation of traffic streams to reduce turbulence; and, utilization of available and unused capacity.  Managed lanes generally constitute a freeway-within-feeway.  
òFlexible operating strategies make implementing managed lanes a practical solution for improving mobility by providing viable travel options in congested corridors.ó 
(Source:  Managed Lanes ð A Primer, Federal Highway Administration) 

Concept Purpose/Goal Type of Facility Length Operation 
Revenue 

Collection 
Entry/Exit  

Ownership/ 
Control 

SR-91 Express Toll Lanes, Orange 
County, CA 

 

Provide motorists a 
congestion-free 
alternative and maintain 
financial viability of the 
lanes. 

¶ Toll Express 
Lanes 

¶ 10 miles in 
median 

¶ 2 lanes in each 
direction 

¶ HOV+3 lane 
available M-F from 
4:00-6:00pm 

¶ Fully Automated 

¶ Must have 
registered account 

¶ Tolls vary by time 
of day 

¶ FasTrakÊ required 

¶ HOV3+ lane users 
& motorcycles 
receive 50% 
discount 

¶ Orange County 
Transportation 
Authority 

QuickRide ð Houston, TX 

 

QuickRide utilizes 
available HOV capacity, 
while preserving bus 
operating speeds 

¶ High-Occupancy 
Toll (HOT) 
Lanes 

¶ 13.5-mile on 
US-290/ 
Northwest 
Fwy 

¶ Single-lane 

¶ Reversible 

¶ M-F, AM peak 
hours only  

¶ Larger carpools 
(HOV3+) use 
lanes for free 

¶ $2.00, flat fee per 
trip for HOV2+ 

¶ $2.50 recurring 
monthly program 
fee 

¶ HOV3+ during 
peak periods 

¶ Minimum HOV2+ 

¶ Auto ID & 
METRO Fee Tag 
required 

¶ Multiple entry and 
exit points ð flat 
fee cover all trips 

¶ Managed and 
operated by 
TxDOT and 
Houston METRO 

¶ Administration by 
TransCore 

 

 

 

 

 

 

 

SR-91 Express Lanes, Virtual Drive, Orange County, Ca 

Quickride/HOV HOT Lanes, 

Houston, TX, METRO 
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EXPRESS/MANAGED LANE CONCEPTS (Continued) 
Concept Purpose/Goal Type of Facility Length Operation 

Revenue 
Collection 

Entry/Exit  
Ownership/ 

Control 

I -15 Express Lanes, San Diego, CA 

 

FasTrakÊ utilizes 
available HOV capacity 
to fund new transit 
service in the corridor. 
Available to solo drivers 
with pre-paid account. 

¶ HOT Lanes ¶ 16 miles, 
one-way; 
being 
extended to 
20 miles 
one-way 

¶ 2-lane 

¶ Reversible 

¶ Movable barrier 
permits expansion 
or contraction of 
capacity 

¶ Fully Automated 

¶ Solo drivers must 
have registered 
account 

¶ Tolls vary 
dynamically with 
time of day and 
traffic conditions 
ð based on 
distance traveled 
and rate per mile 

¶ Transit, HOVs, and 
motorcycles free 

¶ Controlled by 
changes in toll rate 
in response to level 
of congestion; 
HOV ONLY 
instituted when 
traffic is congested 

¶ SANDAG funds 
from state 
(Prop 1B), federal, 
and local funds 
Funded in part by 
TransNet, the local 
½ cent sales tax 
for transportation 

Dual-Dual Section, New Jersey 

 

Enhance safety and 
improve operations 
through separation of 
heavy vehicles from 
light vehicles and 
increase flexibility for 
facility management 
with changeable 
message signs. 

¶ Toll Turnpike 

¶ Inner lanes 
designated as 
HOV lanes 
during peak 
periods between 
Interchanges 11 
and 14 

¶ 32 miles ¶ Inside lanes are for 
automobile only; 
outer lanes for all 
vehicles types:  
Passenger vehicles 
travel in inner or 
outer lanes; trucks 
& commercial 
vehicles must 
operate in outer 
lanes only 

¶ HOV lane in outer 
lanes operates 
during peak 

¶ Changeable 
message signs 
direct and divert 
traffic 

¶ HOV 

¶ EZ-Pass 
electronic toll 
collection 
provides 20% 
discount off toll 
during off-peak 
hours 

¶ Variable pricing to 
shift travelers out 
of peak 

¶ Gates used to 
manage use of 
lanes 

¶ Reserved for 3+ 
vehicles 

¶ Public Turnpike 
Authority 

 

I-15 Reversible Express Lanes, San Diego, CA, Userôs 

Guide, SANDAG/Caltrans 

Dual-Dual NJ Turnpike Section, Manged Lanes: A 

Cross-Cutting Study, FHWA, Oct 2004.  
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Exhibit 1 from Managed Lanes ð A Primer, Federal Highway Administration. 

MANAGED LANE APPLICATIONS 
 



 

 

23 

RAIL TRANSIT SYSTEM CONCEPTS 
  

Concept Description Advantages Disadvantages Implementation 

Commuter Rail A heavy rail system (see below) that 
operates at a lower frequency, but at 
higher speeds, usually between a city 
center and outer suburbs and 
following a fixed schedule. 

¶ Cost savings for riders 

¶ Congestion mitigation 

¶ Safety through reduced 
traffic-related injuries and fatalities 

¶ Environmentally friendly 

¶ Stations can stimulate commercial 
and residential development 

¶ Can be operated concurrently with 
freight rail services 

¶ High fixed costs, due to the need 
for exclusive transitway and 
more expensive vehicles 

¶ May operate at-grade, resulting in 
safety concerns at roadway 
crossings 

¶ Stops typically are far apart 

¶ Planning, engineering, and 
environmental studies 

¶ Extensive negotiations with 
operating railroads 

¶ Station location studies 

¶ Modifications to local bus routes 
to feed commuter rail service 

Heavy Rail 

Elevated 
Subway 
MagLev 

A rapid transit system of high capacity 
and frequency, which is 
grade-separated on an exclusive 
guideway or transitway from other 
traffic, either in underground tunnels 
or elevated above street level. Outside 
urban centers, rapid transit lines 
sometimes run at ground level, but 
crossing transportation facilities are 
grade-separated. 
Typical capacity: 300-1,200 passengers 
per train; 12,000-36,000 per hour 
Trains: six to twelve car trains with 
passenger capacity of 100 to 150 in 
each car 
Top speed: 78 mph 
Cost: $15 - 100 million per mile 

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

¶ Faster and higher capacity than 
light rail 

¶ Not as fast or as far-reaching as 
commuter rail. 

¶ Stations can stimulate commercial 
and residential development 

 

¶ High fixed costs, due to the need 
for exclusive transitway and 
more expensive vehicles 

¶ Power commonly delivered via a 
third, òliveó rail, exposed to 
traveling public particularly at 
stations 

¶ Requires dedicated tracks to 
prevent delays and conflicts 

¶ Stops typically are farther apart, 
compared to light rail transit, 
which has a more local 
orientation 

¶ Dedicated tracks 

¶ Large capital outlay 

¶ Planning, engineering, and 
environmental studies 

¶ Extensive negotiations with 
operating railroads 

¶ Station location studies 

¶ Additional security precautions 
due to exposed òliveó third rail 

¶ Modifications to local bus routes 
to feed commuter rail service 

Elevated  Operates on guideways constructed 
approximately 30 feet above grade or 
more depending on clearance 
requirements along the route. Sound 
barriers may be constructed as a wall 
along the guideway. 

¶ Cheaper than tunnels 

¶ Visual sign of active and modern 
transportation system 

¶ Attractive visual experience for 
riders 

¶ Stations are architectural 
structures incorporating 
escalators and elevators 

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

¶ Noise impacts greater than 
at-grade operation 

¶ Planning, engineering, and 
environmental studies for both 
the superstructure and station 
structures 

¶ Station location studies 
 

 

Rail Runner Express, Albuquerque, NM, MAG Photo 

Chicago Transit Authority Red Line, Daniel Schwen 

Miami-Dade County Metrorail 

Railway-technology.com, Net Resources International 

First Elevated Railway, Sioux City Rapid 

Transit Company, Sioux City History.org 

http://en.wikipedia.org/wiki/Grade_separation
http://en.wikipedia.org/wiki/Transit_authority
http://en.wikipedia.org/wiki/Transit_authority
http://en.wikipedia.org/wiki/Light_rail
http://en.wikipedia.org/wiki/Commuter_rail
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RAIL TRANSIT SYSTEM CONCEPTS (Continued) 
Concept Description Advantages Disadvantages Implementation 
Subway 

 

Refers to a rapid transit system or 
(rarely) a light rail/ streetcar system 
that goes underground. The term may 
refer only to the underground parts of 
the system, or to the full system. 

¶ Tunnels move transit service from 
street level, removing service from 
effects of congestion and 
operating conflicts 

¶ Minimizes land takings for 
right-of-way and stations 

¶ Construction impacts generally 
limited to station areas 

¶ Stations are subterranean 
structures incorporating 
escalators and elevators 

¶ Most cost intensive transit 
infrastructure  

¶ Greater disruption of deep, 
expensive utility 

¶ Planning, engineering, and 
environmental studies for both 
the tunnel and station structures 

¶ Careful planning to avoid major 
underground utility services and 
other known and unknown 
subterranean features 

¶ Extensive geotechnical studies 
required 

 

MagLev Maglev is an innovative transportation 
technology by which trains are 
supported by magnetic forces without 
any wheels contacting the rail 
surfaces. 

¶ FTA has demonstrated that 
low-speed magnetic levitation 
systems are advanced enough to 
merit consideration as urban 
system alternatives 

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

¶ Typically unmanned  

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

¶ Urban MagLev poses a 
fundamental change in 
technology 

¶ Stations require escalators and 
elevators 

¶ Low-speed MagLev is feasible 

¶ Substantial up-front costs 

¶ Unexpected challenges and 
obstacles should be expected, as 
the technology is not proven for 
day-to-day service  

Light Rail  (LRT)  

 

A rapid transit system operating in a 
dedicated or exclusive right-of-way, 
usually at street level, and is designed 
for light passenger loads and fast 
movement. 
Typical capacity: 12,000 to 19,000 
passengers per hour 
Trains: two to four car consists 
Top speed: 66 mph 
Cost: $15 - 100 million per mile 

¶ Provides smooth ride. 

¶ Power commonly delivered via 
overhead catenary system 

¶ Stations can stimulate commercial 
and residential development 

¶ Flexible and adaptable to daily and 
seasonal transportation needs of a 
community 

¶ Low-cost infrastructure elements ð 
stations usually at-grade 

¶ Generally, remains at the same 
operating level as buses and cars, 
although some segments may be 
elevated, rarely in subway 

¶ Adequate roadway cross-section 
is required, and at-grade 
transitway often replaces traffic 
lanes 

¶ Potential for LRT conflicts with 
other transportation modes 

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

¶ Signalization changes at 
intersections along the route 

¶ studies 

¶ Pedestrian safety/design features 
and traffic impact s are 
particularly critical 

 
 

 

 

maglev.net 

Phoenix Metro Light Rail 

Los Angeles Red Line, Carlos A. at yelp.com 

http://en.wikipedia.org/wiki/Rapid_transit
http://en.wikipedia.org/wiki/Light_rail
http://en.wikipedia.org/wiki/Streetcar
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Light Rail Heavy Rail Commuter Rail
Conventional 

Intercity Rail
High-Speed Rail

Midwest Fast 

Trains

Usual  Vehicles

Modern 

articulated 

streetcars

Modern subway 

or elevated cars 

coaches

Locomotive-

hauled or sel f-

propel led 

coaches

Locomotive-

hauled coaches

Locomotive-

hauled coaches

Diesel-electric 

hauled coaches

Train Length 1-3 cars 4-10 cars 2-8 coaches 2-14 coaches 8-12 coaches
8-10 coaches 

(est.)

Propuls ion System
Electric us ing 

overhead wire

Electric us ing 

thi rd ra i l

Diesel-electric 

[a]
Diesel-electric

Electric us ing 

overhead wire

High horsepwr 

diesel-electric

Right-of-Way 

Requirements

New surface 

al ignment

New grade-

separated 

al ignment

Exis ting main-

l ine ra i lway 

trackage

Existing main-

l ine ra i lway 

trackage

Upgraded 

exis ting or new 

main-l ine 

ra i lway 

trackage

Existing main-

l ine track 

upgraded; some 

new grade 

separationTypical  Route 

Length (mi les)
5-15 5-15 20-50 50-2,000 100-500 150-400

Average Station 

Spacing (mi les)
0.25-1 0.5-2 2-5 5-50 10-50 30

Boarding Platforms 

at Stations
Low or High High Low Low High Low

Typical  Fare 

Col lection 

Method(s)

Sel f-service At s tations On board On board
At s tations or 

on board

Not yet 

speci fied

Maximum 

Operating
50 70 79 79-90 125-250

110, except 

secondary 

l ines: 79

Average Along 

Route

10-20 [b]

20-30 [c]
25-40 30-50 40-70 100-150 Unknown

Typical  Primary 

Passenger Market

Trips wi thin 

densely 

developed 

urbanized 

areas

Trips wi thin 

densely 

developed 

urbanized 

areas

Trips wi thin 

metropol i tan 

areas between 

suburbs and 

major urban 

centers 

including 

centra l  

Long-dis tance 

trips between 

ci ties

Long-dis tance 

trips between 

major 

metropol i tan 

areas

Trips among 

major metro 

centers and 

intermediate 

ci ties

Peak-Period 5-10 minutes 5-10 minutes 30-60 minutes 1-2 hours 30-60 minutes
90-150 mins. 

(prel im.)

Non-Peak Period 10-20 minutes 10-20 minutes 1-3 hours Dai ly 1-2 hours
3-5 hours 

(prel im.)

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. 2, page 10, 

as reported at www.trainweb.org/KenRail/Rail_mode_table.html; information highlighted in blue indecates 2009 estimates added by 

COMPARISON OF SELECTED CHARACTERISTICS AMONG DIFFERENT TYPES OF RAIL PASSENGER SERVICES BASED UPON TYPICAL 

NORTH AMERICAN PRACTICE

Type of Service

Characteristic

Frequency of Service

Speed (miles per hour)

System Elements & Infrastructure
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BUS TRANSIT SYSTEM CONCEPTS 
  

Concept Description Advantages Disadvantages Implementation 

Bus Rapid Transit (BRT) 
 

BRT is an enhanced bus system that 
operates on dedicated or exclusive bus 
lanes, or transitways, to combine the 
efficiency of rail systems with the 
flexibility of bus service: 
a flexible, rubber-tired transit mode 
that combines stations, 
vehicles, services, running ways, and 
Intelligent Transportation System 
(ITS) elements 
into an integrated system with a 
strong positive identity. 
Operating speed: 17 to 30 mph. 
Cost: $6.25 million per mile. 
- Busway: $18.6 million 
- Vehicles: $5.9 million 
(Franklin Corridor Evaluation). 

¶ Operates at faster speeds, 
provides greater service 
reliability, and increased 
customer convenience compared 
to traditional fixed-route service 

¶ Running time reliability and 
schedule adherence is high 

¶ Utilizes a combination of 
advanced technologies, 
infrastructure and operational 
investments 

¶ Low-cost infrastructure 
elements; stations basically 
ar-grade 

¶ Requires special system 
components: such as 

- Dedicated/exclusive transitway 
- Enhanced control and 

communication systems 
- Advanced vehicle technology 

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

¶ Need of adequate roadway 
cross-sections for transitway 

¶ Need to maintain the capacity of  
general-purpose traffic lanes 

¶ Potential for noise and air quality 
impacts in travel corridors 

¶ Will require policies that give 
priority to bus operations (e.g., 
signal priority, block signaling) 
and investment in crucial system 
components 

¶ Non-exclusive bus lanes typically 
are restricted only during peak 
hours in the peak directions 

¶ BRT requires freestanding 
stations to accommodate 
boarding and deboarding of 
passengers 

¶ EmX vehicles cost $960,000 to 
purchase (Franklin Corridor 
Evaluation) 

Curbside Bus Lanes A traffic lane on a surface street 
reserved for the exclusive use of buses 

¶ Reserved lanes help buses pass 
congested traffic. 

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

¶ Bicyclists, right-turning vehicles, 
and carpool vehicles can be 
permitted, making lane operation 
more complex 

¶ Bus movements can be impeded by 
curbside ð illegal ð parking and 
right-turns by sharing vehicles (if 
permitted) 

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

Median (Exclusive) Bus Lanes Median lanes usually physically 
separated from general traffic lanes by 
a raised curb or buffer and striping 

¶ Not prone to becoming 
congested 

¶ Improves operating speed 

¶ Reduces overall potential for 
bus/vehicle conflicts 

¶ Requirement for passenger 
platforms and patrons movements 
to center of street for access to bus 

¶ Possibility that bus operational 
failure can block the bus lane 

¶ Conflict created with left-turning 
traffic 

¶ Wide roadway cross-section need 
to accommodate bus lanes 

¶ Wide roadway cross-section 
required for bus lanes 

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

¶ Signal phasing may need altered 
to reduce potential conflicts with 
general traffic flow 

 
 

Martha Welborne 

 

Jim Henderson 
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BUS TRANSIT SYSTEM CONCEPTS (Continued) 
Concept Description Advantages Disadvantages Implementation 
Contraflow Bus Lanes Dedicated lane of an otherwise 

one-way street that is reversed for 
buses and other mass transit during 
the AM and PM peak hours to take 
advantage of excess capacity. 

¶ Takes advantage of underutilized 
roadway capacity in the travel 
direction opposed to the peak 
period flow 

¶ Increases bus speeds and lowers 
travel time 

¶ Enhances bus system reliability ð 
schedule adherence 

¶ Difficult to justify removal of travel 
lane from general traffic 

¶ Physical constraints include: 
roadway geometry, lane widths, 
on-street parking 

¶ Most often employed on a one-way 
street segment 

¶ Unfamiliar vehicle operations can 
be dangerous to other vehicle 
operators and pedestrians 

¶ Research demonstrated there 
should be a minimum of 20 to 30 
buses per hour or 800 to 1,200 
peak hour bus passengers to 
justify implementing a contraflow 
bus lane (Miami/Dade Study) 

¶ Requirement for signal 
modifications, striping, signage, 
and, potentially, special curbing 

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

Fixed-Route Transit Service Fixed route service consists of a 
passenger bus traveling along the 
same prescribed route at regular 
òfixedó times each day with 
designated bus stops along the route.  
This is what most people think of 
when they envision public transit 
service. 

¶ Dependable routing and 
schedule 

¶ Flexibility to change routing and 
scheduling to coincided with 
changes in use/demand 

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

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

¶ Bus service can be impeded by 
congestion on roads traveled 

¶ Frequent stops place a strain on 
operating systems 

¶ Requires a large number of drivers, 
the salaries of which generally 
account for the greatest operating 
expense for the system 

¶ Private company or public transit 
authority 

¶ Signage along routes and 
published, posted schedule of 
service 

¶ Vehicles that meet the Americans 
with Disabilities Act (ADA) 

Bus Preemption 
(Transit Signal Priority) 

 

Interruption of the normal operation 
of traffic signals to give preferential 
treatment of high-occupancy vehicles, 
specifically transit vehicles. Sometimes 
combined with separate bus lanes; 
signal return to normal operation 
subsequent to preemption. 
Unconditional and conditional modes 
are feasible. 

¶ Improve intersection capacity 

¶ Enhances bus system reliability ð 
schedule adherence 

¶ Improves travel time 

¶ Can stimulate use of transit, due 
to improved travel efficiency 

¶ Potentially reduce congestion 

¶ Modifies delay and queue length 
for traffic at signalized 
intersections 

¶ Activation signals need careful 
calibration to avoid indiscriminate 
preemption at other intersections 

¶ Interruption of optimized traffic 
flow control 

¶ Equipping of traffic signal to 
recognize preemption activation 
signal 

¶ Signal activation integral to 
transit vehicle 

¶ Adjustments of cycle and phase 
duration for preemption phase 

¶ Generally, only one preemption 
allowed per signal cycle 

 
 
 
 

Miami/Dade Study 

Opticom Signal, Millersville, PA, Nigara 
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BUS TRANSIT SYSTEM CONCEPTS (Continued) 
Concept Description Advantages Disadvantages Implementation 
Bus Signal Queue Jumping 

 

Typically employed with BRT 
systems, this treatment consists of an 
additional travel lane at intersections, 
generally accompanied by a separate 
bus signal phase or bus preemption. 
May or may not incorporate a 
receiving lane on the opposite side of 
the intersection 

¶ Permits buses to get a 
òhead-startó over queued 
vehicles 

¶ Eliminates need to merge into 
traffic 

¶ Improves operational efficiency 
of the transit system 

¶ May be use by bicycles, moped, 
and motorcycles 

¶ Requires additional phase at 
intersections affected 

¶ Queue jumping may be used by 
unauthorized vehicles 

¶ Analysis of potential impacts to 
traffic  

¶ Traffic engineering studies to 
identified required geometrics 
and any requirement for 
additional right-of-way 

¶ Signalization changes, as required 

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

Bus Bays and Turnouts 

 

Bus stop areas recessed from the 
thoroughfare, providing an en route 
bus with an off-street service point 
that does not interfere with traffic 
movement.  
Width or Depth: 15 feet for arterials 
and 20 feet for highways 
Length: Dependent on service 
volume, vehicle size, and transfer 
needs: 50 feet per bus 

¶ Provides a safe waiting area for 
transit users 

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

¶ Concrete pad is necessary 

¶ Requires bus to merge into traffic 
turnout, which can cause 
operational delays and safety issues 

¶ Accel and decal lanes should be 
provided, where possible 

¶ Recommended for mid-block 
locations: not compatible with 
near-side and far-side stops 

¶ Additional right-of-way required 
may be 

¶ Construction likely will result in 
temporary traffic impacts 

¶ Facilities should be designed so 
that bus operators have clear 
rear-vision capabilities necessary 
for safe re-entry into traffic 

¶ Right-of-way studies to 
determine availability for turnout 

¶ Signage 

¶ Shelter and, if possible, 
landscaping 

Bus Bulb 

 

A bus bulb, also known as a nub, curb 
extension, or bus 
bulge, is a section of sidewalk that 
extends from the curb of 
a parking lane to the edge of a 
through lane. Buses stop in the traffic 
lane at the bulb, instead of weaving 
into a parking-lane curbside stop. 

¶ Reduces risk of accidents by 
eliminating the bus-weaving 
maneuver associated with a bus 
bay 

¶ Reduces congestion of sidewalks 
at stops with high passenger 
volume 

¶ Provides space for bus shelter, 
where sidewalk space is at a 
premium 

¶ Compatible with streets with 
parallel parking 

¶ Eliminates need for bus to 
merge back into traffic 

¶ Narrowing of roadway can 
interfere with bike lanes 

¶ Not appropriate for two-lane 
roadway 

¶ Right-of-way may be inadequate 
for installation of passenger 
amenities, such as a shelter or 
benches and landscaping 

¶ Appropriate for corridors with 
high transit patronage 

¶ Roadways that pose re-entry 
problems for buses 

¶ Appropriate where there is 
congestion on sidewalks due to 
high transit patronage 

 
 

Bus Bulb, Vancouver, BC 

Two Types of Queue Jumping 

Bus Stop Design Guidelines, OMNITRANS 
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BUS TRANSIT SYSTEM CONCEPTS (Continued) 
Concept Description Advantages Disadvantages Implementation 
Improved Amenities 

 

Transit system treatments and devices 
to help passengers feel more at ease 
with service provided., including 

¶ Benches 

¶ Schedule information ð static and 
electronic interactive 

¶ Signage ð static, dynamic, & 
electronic 

¶ Shelters 

¶ Bike accommodations on transit 
vehicles & bike lockers 

¶ Park-and-Rides (P&R) 

¶ Transit Centers with traveler 
conveniences, such as restrooms, 
refreshments, food, shelter, etc. 

¶ Greater mobility 

¶ Faster service 

¶ More convenient service 

¶ Reduced reliance on automobile 

¶ Enhanced patron safety 

¶ Improved accommodation of 
patron needs 

¶ Additional costs 

¶ Greater coordination and 
communication 

¶ Restructuring and realignment may 
be necessary 

¶ Audio and visual announcements 
(interior and exterior) 

¶ Active station signs 

¶ Internet access to real-time bus 
operating information 

¶ Community-based service 

¶ Intelligent Bus System (IBS) 
applications 

 
 
  

PACE 
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EXPRESS LANE CONCEPTS 
  

Concept Description Advantages Disadvantages Implementation 

Reversible Lanes 

  

A contraflow lane created by the 
placement of a temporary physical 
barrier, which then is used for travel 
in the opposite direction, or 
construction of permanently isolated 
lanes the flow of which is reversed 
according to peak period directional 
demand. 
NJ: 725 buses per hour, resulting in 
1,700 buses during peak hours 
carrying more than 60,000 passengers 
(MiamiDade Study). 

¶ Alleviates congestion in the peak 
direction by providing additional 
capacity 

¶ Electronic signage and control 
can be used for directional lane 
control, allowing timely response 
to congestion, construction, or 
accident impacting traffic flow 

¶ Requires specialized equipment 

¶ Creates unique traffic control and 
flow issues 

¶ Can confuse travelers and 
pedestrians 

¶ Requires unique traffic control 
procedures and restrictions on left 
turns 

¶ There must be a large directional 
flow during peak periods to make 
this a viable solution: typically 
justified when 65/35 peak direction 
of flow obtains 

¶ Cones or bollards (sometimes 
retractable) are manually 
positioned in the roadway to 
isolate travel lanes 

¶ Proper lane control, pavement 
markings, and signs are required 

Zipper Lanes  See Reversible Lanes above.  Zipper 
Lanes are created using a movable 
barrier, which does not require major 
construction actions within the travel 
corridor.  New advances in 
technology and equipment allow 
Barrier Transfer Machines to shift the 
moveable barrier the width of one full 
traffic lane (14 feet) in a single pass, 
while traveling at 10 miles per hour 
(Caltrans).  One mile of barrier can be 
moved in six to seven minutes. 
 

¶ Alleviates congestion by 
providing additional capacity in 
the peak direction  

¶ Does not require investment in 
additional roadway cross-section 
and, potentially, additional 
right-of-way 

¶ Requires specialized machinery, a 
Barrier Transfer Machine at a cost 
of $1 million 

¶ Creates unique traffic control and 
flow issues, which can confuse 
travelers and pedestrians 

¶ Is labor intensive and presents 
safety issue during the movement 
of temporary barrier 

¶ Often restricted to buses, 
vanpools, and carpools 

¶ A Barrier Transfer Machine 
places a string of connected, 
movable concrete barriers on a 
roadway to isolate travel lanes 

 
  

Central Federal Lands Highway Division, FHWA 

Miami/Dade Study 
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TRAFFIC FLOW IMPROVEMENT CONCEPTS 
  

Concept Description Advantages Disadvantages Implementation 

Reversible Lanes  

 

Different forms of traffic flow 
modifications implemented to take 
advantage of underused capacity on a 
facility. 

¶ Flexibility with respect to 
responses in traffic flow 
conditions 

¶ Reduced need for additional 
construction of physical capacity  

¶ Logistics can be cumbersome, if 
physical barriers are employed 

¶ Requirement for specialized 
monitoring and control equipment 
and facility 

¶ Changing traffic pattern can be 
confusing for drivers 

¶ There must be a large directional 
flow during peak periods to 
consider implementing this 
strategy 

¶ Lane control techniques, signage, 
and special pavement markings 

Signalization and Timing 

 

Sophisticated control and 
coordination to ensure traffic moves 
as smoothly and safely as possible and 
pedestrians are assured safe crossing 
conditions. 

¶ Low cost for upgrading system 

¶ Aids in achieving signal 
progression 

¶ Reduce frequency and severity 
of intersection conflicts 

¶ Improve air quality by moving 
traffic more efficiently 

¶ Usually a short-term solution; 
additional physical capacity may be 
necessary 

¶ Can not eliminate critical left-turn 
movements 

¶ Improvement for one direction, 
movement, or phase pinalizes other 
directions, movements, and phases  

¶ Supporting analysis of 
intersection geometrics 

¶ Coordination with local and 
regional signalization system 
along corridors 

¶ Compatibility with other 
strategies planned for or affecting 
the corridor 

¶ Potential for emergency vehicle 
preemption 

On-Street Parking Reduce or eliminate on-street 
parking to remove traffic 
interference and gain add capacity 
for traffic movements. 

¶ Reduce delays to the traffic 
stream 

¶ Decrease potential for traffic 
flow conflicts associated with 
entry/exit of the parking space 

¶ Eliminate visual sight 
obstruction for pedestrians 
crossing roadway 

¶ Removes direct, easy access to 
properties abutting right-of-way 

¶ Replacement parking will be 
necessary to assure accessibility to 
properties 

¶ May adversely impact access for 
persons with disabilities 

¶ Policies regarding time-of-day 
permissions/restrictions and 
parking rates (if applied) 

¶ Signage 

¶ Consultation/coordination with 
affected property owners 

¶ Compliance/enforcement 

 
 
 

Seventh Street, Phoenix, AZ, Google Maps 

Third Street, Phoenix, AZ, Google Maps 

Jefferson and Seventh Street, Phoenix, AZ, Google Maps 
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TRAFFIC FLOW IMPROVEMENT CONCEPTS (Continued) 
Concept Description Advantages Disadvantages Implementation 

Loading Zone Locations Evaluate loading zone locations and 
regulations to determine consistency 
with traffic flows, particularly in the 
peak periods. 

¶ Remove interference of traffic 
flow due to truck movements 
during peak periods 

¶ Can impact delivery schedules 

¶ Potential for negative impact on 
customer supply line associated 
with truck deliveries 

¶ Planning/traffic study 

¶ Municipal Ordinance 

¶ Signage 

¶ Enforcement 

Left-Turn Restrictions 

 

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

¶ Permits higher volume of 
through movements 

¶ Reduces conflict points and 
potential for crashes 

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

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

¶ Potential adverse impacts on the 
use and viability of abutting 
properties 

¶ Review of left-turn volumes 

¶ Implementation time can be 
relatively short 

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

¶ Public information campaign to 
alert drivers of changes 

Left-Turn Bays 

 

Lanes added to the interior of a 
roadway to facilitate the queuing of 
vehicles drivers desiring to turn left. 

¶ Remove vehicles from the 
general purpose lanes and the 
potential for a queue to form 

¶ Permits a separate signal phase 
for left turns, reducing the 
potential for crashes 

¶ May require additional 
right-of-way 

¶ Wider roadway width could place 
pedestrians at more risk, due to 
additional distance required 

¶ Generally, adds a phase to the 
signal, which reduces green time 
for through movements 

¶ In-roadway construction action 

¶ Traffic engineering studies to 
determine acceptable geometrics 
and whether additional 
right-of-way is necessary 

¶ Changes to signalization and 
intersection striping 

 
 
 
 
 

Central Avenue, Phoenix, AZ, Google Maps 

Seventh Street, Phoenix, AZ, Google Maps 

Romana Street, Pensacola, FL, Google Maps 
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TRAFFIC FLOW IMPROVEMENT CONCEPTS (Continued) 
Concept Description Advantages Disadvantages Implementation 

Right-Turn Bays Lanes added to the outside edge of a 
roadway to facilitate the queuing of 
vehicles drivers desiring to turn 
right. 

¶ Facilitates right-turn-on-red 
movement 

¶ Eliminates a through vehicle 
blocking driver that desires to 
turn right on red 

¶ Permits more efficient flow in 
the curbside general traffic lane 
by removing right-turning 
vehicle that may need to wait 
for left-turning vehicles or 
through vehicle movements on 
the crossing street 

¶ May require additional 
right-of-way 

¶ Wider roadway width could place 
pedestrians at more risk, due to 
additional distance required 

¶ Potential impacts to abutting 
properties 

¶ In-roadway construction action 

¶ Traffic engineering studies to 
determine acceptable geometrics 
and whether additional 
right-of-way is necessary 

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

¶ Intersection striping 

Street Widening 

 

Physical reconstruction of a roadway 
to provide additional traffic lane 
capacity or change roadway 
geometrics to improve traffic flow. 

¶ Creates more efficient facility 

¶ Improves traffic flow, reducing 
delays 

¶ Potentially decreases potential 
for crashes 

¶ May require additional 
right-of-way 

¶ Results in traffic congestion and 
delays 

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

¶ Results in noise and air pollution  

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

¶ Detailed maintenance of traffic 
plan 

¶ Public information campaign 

¶ Median barrier installation, 
special signage and striping, and 
traffic control devices 

¶ Utility relocations 

¶ Staged construction actions 

Signage 

 

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

¶ Low-cost method for 
improving traffic flow 

¶ Providing reliable, visible 
notification of required or 
desired maneuver reduces 
last-minute actions 

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

¶ No significant legislative or 
administrative actions are 
required 

¶ Conduct inventory 

¶ Get community and visitor 
perspectives 

¶ Determine need 

¶ Determine responsibilities 

¶ Develop plan 

¶ Develop signage 

¶ Monitor effectiveness 

 

 
  

I-10, West of Phoenix, Pulice Construction 
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BICYCLE LANE CONCEPTS 
  

Concept Description Advantages Disadvantages Implementation 

Shared Roadway 
(No Bikeway Designation) 

Bicycle travel on streets and highways 
without separate, marked or 
designated bikeway 
Bicyclists operate in mixed traffic in 
the same manner as all other vehicles 

¶ Where the existing street width 
is adequate, signing and striping 
is unnecessary 

¶ Some roads and streets may be 
unsuitable for bike use; 
designating a bikeway may be 
inappropriate, as it could 
encourage use under adverse 
conditions 

¶ Does not require investment in 
additional roadway cross-section 
and, potentially, additional 
right-of-way  

¶ Bicycles must operate in mixed 
traffic conditions, which increases 
potential for conflicts with 
motorized traffic 

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

¶ Roadway surface conditions may 
not be conducive to bicycle mode, 
e.g., cracks, holes, bumps, drainage 
inlet grates 

¶ Bicycle safety and awareness 
programs 

¶ Accepting bicycle traffic on roads 
and streets requires attention to 
the potential effects on level of 
service and safety of these 
facilities 

¶ Signing should be installed on 
routes that link to designated 
bikeways and where a high 
volume of bicyclists is anticipated 

Signed or Marked Shared Roadway  Signed shared roadways are formally 
designated by bike route signs, and 
serve either to: 
a) Provide continuity and connectivity 
to other bicycle facilities (usually Bike 
Lanes); or 
b) Designate preferred routes through 
high-demand corridors 
 

¶ Signing alerts motorists to 
expect bicyclists in the 
right-of-way, even a lane 

¶ Responsible agencies must take 
actions to assure the route is 
suitable for mixed-traffic and 
consistent with the needs of 
bicyclists 

¶ Minimal investment in roadway 
facility 

¶ Bicyclists must travel in mixed 
traffic conditions 

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

¶ Physical changes to the roadway 
(e.g., improved shoulder, narrower 
vehicle lanes) may be required to 
enhance safety of the bicyclist 

¶ Planning studies to accommodate 
potential for bicycle traffic by 
evaluating route characteristics 

¶ Accommodating bicycle traffic 
requires attention to the potential 
operational effects on level of 
service and safety of roads and 
streets 

¶ Possible physical improvements 
to designated route 

Paved Shoulder   Adding or improving paved shoulders 
provides an attractive alternative along 
highways.  A paved shoulder can be 
converted to Marked Shared Roadway 
facility or Bikeway with appropriate 
signing and marking.  

¶ Improves operating conditions 
of the bicyclist 

¶ Separation of bicyclists helps to 
maintain roadway capacity by 
eliminating mixed traffic 
operations and improves 
bicyclist safety 

¶ Helps bicyclist to connect to 
designated routes with greater 
safety 

¶ Roadway design may not be 
supportive of shoulder operations 

¶ Shoulder widths must increase with 
increase in traffic or high volume 
of bus and truck traffic 

¶ Provisions for bicycling must be 
coordinated with roadway design: 
- Minimum shoulder width of 
four feet exclusive of gutter pan 
and rumble strips 
- Special design of gaps in rumble 
strips to permit safe crossing by 
bicyclist 

  

Paved Shoulders at bicyclinginfo.org 

 

Chp 1520, Roadway Bicycle Facilities, WSDOT Design 

Manual M 22.01,07, July, 2010. 

Chp 1520, Roadway Bicycle Facilities, WSDOT 

Design Manual M 22.01,07, July, 2010. 

http://www.flickr.com/photos/bike/4167906123/
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BICYCLE LANE CONCEPTS (Continued) 
Concept Description Advantages Disadvantages Implementation 

Bicycle or Bike Lane   Bike lanes are established one-way 
lanes of travel with appropriate 
pavement markings and signing. They 
usually are found along streets in 
corridors where there is significant 
bicycle demand and where there are 
distinct needs that can be served by a 
separate travel lane. Bike lanes are not 
intended to accommodate all bicycle 
use; bicyclists may leave the lane for 
various purposes within the rules of 
the road. 

¶ Improves operating conditions 
of the bicyclist 

¶ Delineate lanes for bikes and 
motorists provide for more 
predictable movements by each 

¶ Separation of bicyclists helps to 
maintain roadway capacity by 
eliminating mixed traffic 
operations 

¶ Provides a viable alternative to 
riding on sidewalks 

¶ May require taking some 
right-of-way from vehicle lanes 

¶ Traffic signals may need adjusted to 
recognize the presence of bicyclist 
in the traffic flow 

¶ Because this is a dedicated lane, 
additional attention to the quality 
of the pavement surface is needed 

¶ Regular maintenance of the lane 
should be considered 

¶ Movements through intersections 
require design and striping changes 

¶ Increased funding commitments 
required to establish and maintain 
bike lanes 

¶ Planning to accommodate 
potential bicycle traffic within a 
defined, formal network 

¶ Accommodating bicycle traffic 
requires attention to the potential 
effects on level of service and 
safety of roads and streets 

¶ Design standards must be 
adopted to establish lane width, 
striping, signing needs, surface 
standards 

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

Bicycle Boulevard   A local street or series of contiguous 
street segments modified to function 
as a through street for bicyclists. 
Through motorized vehicle traffic is 
discouraged, local access is 
maintained. Bicycle boulevards should 
be sufficiently long (2 to 5 miles) to 
accommodate urban trips, but can be 
shorter. 

¶ Low traffic volumes and 
operating speeds are favorable to 
bicyclists 

¶ Bicyclists are given favored 
passage and priority assignment 
at two-way, stop-controlled 
intersections; special 
signalization often is provided 

¶ Wayfinding signs generally are 
integral element of the boulevard 

¶ Improvements at street crossings 
improve operating safety and 
security 

¶ Diversion of non-local traffic from 
the street segments selected for the 
boulevard through the use of 
forced turns and/or barriers 

¶ Bicyclists share the roadway with 
motorized vehicles 

¶ A series of physical and operational 
changes may be needed to ensure 
bicyclists can travel with relative 
ease, particularly with respect to 
crossing major streets 

¶ Will require adjustment by drivers 
seeking access to local destinations 

¶ Additional signing and signals and 
regular inspection adds to the cost 
of the bicycle network 

¶ Planning to accommodate 
potential bicycle traffic on facility 
intended for another use 

¶ Accommodating concentration of 
bicycle traffic requires additional 
study of various treatments 
needed to establish safe route and 
maintain continuity of route over 
long distance 

¶ Design standards will need to be 
adopted to establish lane width, 
striping, and signing needs 

¶ Programmatic funding may be 
necessary to assure full 
development and maintenance 

Shared Use Bikeway/Path A path physically separated from 
motorized traffic by open space or 
barrier within the highway 
right-of-way or within independent 
right-of-way. Generally serve 
corridors not served by roads or 
streets or where wide utility or former 
railroad rights-of-way exist. Paths 
generally are open to two-way travel 
by any non-motorized mode, e.g., 
walking, running, skate boarders (if 
paved), etc.  

¶ Can take advantage of underused 
rights-of-way 

¶ Offer an opportunity to integrate 
with recreational activities 

¶ Potential for minimizing or 
eliminating cross-traffic or 
mixed-traffic operations for 
bicyclists 

¶ Can be a means of 
circumventing travel barriers 

¶ Need to assure bicyclists abide by 
the rules of the road 

¶ May create discontinuity, as these 
corridors are often not consistent 
with the roadway network 

¶ Lower design speed 

¶ Multiple different modes raises 
risks of travel conflicts 

 

¶ Planning must be cognizant of 
the mix of travelers and different 
pace and ability of movement 
among all modes   

¶ ADA compliance must be 
evaluated 

¶ Design standards will need to be 
adopted to establish lane width, 
striping, and signing needs 

Chp 1520, Roadway Bicycle Facilities, WSDOT Design 

Manual M 22.01,07, July, 2010. 

Trails and Pathways in Pedestrian Facilities Guidebook, 

Washington State Department of Transportation, 

September 1997.  

Bike-Friendly Intersection at Counry Club Rd and 3rd St 

in Tucson, AZ (Photo fm bing Maps) 
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PEDESTRIAN FACILITY CONCEPTS 
  

Concept Description Advantages Disadvantages Implementation 

Sidewalk/Walkway This traditional pedestrian facility 
provides a formal, firm, and stable 
pathway (usually concrete) in 
proximity to a street or highway 
separated from vehicular traffic and 
designed for the preferential or 
exclusive use by pedestrians. A 
walkway is a dedicated path. 

¶ Provides safe, stable travel 
surface for pedestrian 
movements 

¶ Pedestrian travel increases with 
the presence of facilities for foot 
traffic and persons using 
travel-assistance devices 

¶ ADA compliance requirement 
assures mobility-impaired 
individuals a navigable route 

¶ Requires commitment of a portion 
of the roadway right-of-way to 
motivation other than motorized 
vehicles 

¶ Lack of seamless system or 
network of sidewalks can create 
safety issues 

¶ Walkways constructed with asphalt, 
crushed stone, or other material 
require more maintenance and can 
negatively affect the travel of 
mobility-impaired individuals 

¶ Traditional treatment for 
accommodating pedestrian 
movements requires no special 
actions to implement 

¶ It is desirable to have sidewalks 
on both sides of a roadway 

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

Intersection Bulb Outs/Extension  Where bulb outs or curb extensions 
are installed, the width of the street 
pavement is reduced, usually by the 
width of the parking lane. As such, 
parking is framed by these features, 
which often are landscaped and may 
include street furniture.   
 

¶ Improves visibility for 
pedestrians and motorists 

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

¶ Bulb outs require motorists to 
slow down, as the roadway is 
narrowed. 

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

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

¶ Reduces roadway capacity, if the 
outside lane is for free movement 
of vehicles and not committed to 
parking. 

¶ May result in lost parking spaces, 
depending on the design 

¶ Planning, traffic, and engineering 
studies to assure appropriate 
design standards are adopted 

¶ Coordination with property 
owners that may be affected by 
traffic changes and potential 
parking changes 

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

Marked Crosswalks A marked crosswalk is any portion of 
the road surface outlined by painted 
markings or a different texture (e.g.,  
pavers) for the express purpose of 
accommodating travel by persons on 
foot or in a non-motorized vehicles. 

¶ Generally present at 
intersections where there is 
heavy traffic volumes 

¶ Useful in locations where there is 
substantial pedestrian traffic, 
such as near schools, parks, and 
other activity sites attracting 
pedestrians 

¶ Increases motorist awareness of 
the presence of pedestrian traffic 

¶ Clarifies for pedestrians where 
they should cross the street in 
the safest manner 

¶ Without other associated 
improvements (e.g., islands, curb 
extensions, lighting, signage), 
marked crosswalks do not 
necessarily increase the security of 
the pedestrian 

¶ Marked crosswalks at unsignalized 
locations, i.e., mid-block, require 
stable and substantial pedestrian 
traffic 

¶ Textured or colored crosswalks are 
popular, but less visible to 
operators of motor vehicles and 
require more maintenance 

¶ Textured crosswalks may make it 
more difficult for persons with 
disabilities to negotiate the crossing  

¶ Planning to accommodate 
potential pedestrian traffic within 
a defined, formal network of 
roads and streets 

¶ Design standards must be 
adopted to establish facility width, 
signing needs, and surface 
standards 

¶ Programmatic funding must be 
considered to assure adequate 
network development and 
maintenance 
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Center at www.pedbikeimages.org, photo by Dan 

Burden 
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