
Street Design and Network Design

Executive Summary

Transit Agencies in America are being asked to build and operate more transit.   They are also being asked to think about transit not only as a way to connect customers to destinations, but also as a key in shaping future growth into more sustainable patterns.    

To accomplish this, transit agencies will need to wander into non traditional transit topics such as street design for all users, network design, land use planning and placemaking.  New partnerships will need to be forged in both the public and private sectors.   (A separate guidance paper on Partnerships will be issued by the APTA SUDs committee.) 

Emerging transportation guidebooks from cities, MPOs, DOTs and professional organizations such as Charlotte, Indianapolis, Pennsylvania and New Jersey DOTs and ITE have begun to address these issues.  But transit is not their primary focus and each does it in their own way and leave many gaps.    APTA therefore feels that overarching guidance is needed to help transit agencies learn how to work collaboratively within the various community and transportation planning design worlds to foster solutions that strengthen communities and their own services at the same time.  The intent of this paper is to provide guidance that does not reinvent the wheel but instead draws upon the wealth of existing resources, categorize and synthesize them, supplement them if needed, and to put them into their proper perspective.   The following topics will be covered: 

· Thinking beyond the immediate transit route:  system and network considerations
· Thinking beyond the efficiency of the transit service:  fostering pedestrian and bicycle designs: how and what to advocate for regarding street and network designs that facilitate safe and comfortable access for their potential customers to and from transit facilities...  designing streets that creates places of value for the broader communities served by transit
· An overview of Street Typologies and How They Can Help Transit Agencies merge network considerations with street design philosophies
· Case Studies for integrating transit into multi modal streets: ensuring that adequate space is created within streets for operation of their transit vehicles
1. System and Network considerations 
Transit Agencies need to take a systems view
The needs of cars, pedestrians, bicyclists and transit will always be in tension, at least to a degree.    The best way to find a balance is to look at the system as a whole.   Too often, street designers, transit agencies and bikeped advocates have been guilty of thinking about mobility within their discipline and one street at a time.   This elevates the tension to an impasse, because not every street can accommodate every use at an optimum level.  In the past,  when negotiations over allocation of street space have escalated into conflict, Transit Agencies, bikeped advocates and communities have often lost.    Street designers, whether they be within state DOTs or municipal public works departments, have long held the upper hand and designed streets and highways using the principle that the “needs of the motoring public are paramount…”.

Now that the negotiations over the allocation of street space are becoming more democratic, it would be a mistake for Transit Agencies to repeat the mistakes of the highway establishment.  APTA is therefore advocating a collaborative mindset instead of one of competing between modes for space.  TAs can no longer limit the view of their role to planning and operating the transit service, while letting someone else worry about surrounding streets or land use and development. The reality is that there is no “one” other entity that has accepted responsibility for ensuring that the multi modal network is planned and designed sensibly.  In practice, network planning is often conducted in

a piecemeal manner by multiple agencies with different geographic jurisdictions, missions and powers.  

The graphic below from the Indianapolis Multi-Modal Corridor and Public Space Design Guidelines presents their concept of how the various levels of transit service might be mapped onto a community grid, and tied into pedestrian, bicycle and auto networks.   A Transit Agency which has thought out how to fit its service into community and network contexts will benefit the community as well as itself.  This will better position them to argue for appropriate design on the appropriate streets.   The guides with transit design principles described in 4 b) i  and the typologies cited in section 4 d) will be helpful in selecting appropriate multi-modal designs.
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There are a few noteworthy conclusions that can be drawn out of the approach advocated by Indianapolis. 

First, looking at the network as a whole allows strategic accommodation of all modes.  By not trying to compete equally for space on each street, space for each mode can be allocated in logical and functional locations.   This allows TAs to fit their transit service into the context and a network, which can be done by mapping out its entire system, with stations/stops and types of service, and then work on fitting that service into the street network and community context.   This kind of thinking even includes considering moving transit service away from the Transit Agency’s first choice to avoid unresolvable conflicts between competing modes.  

As importantly, a system’s view allows differing roles to be assigned to different streets, and to match those roles up with the land use context.   This is an important step away from the auto oriented functional classification/levels of service approach to design which has dominated street design for 50 years.    In a system where traffic engineers are relegated to looking at each street in a vacuum, they tend to insure -- almost out of necessity -- that each street is designed to allow proper flow of cars.    A systems view will provide the comfort needed to tune each street for specific purposes.   

Some specifics on what Transit Agencies should look for in a Network

There are basically two different kinds of modern networks.   

The traditional urban style grid has shorter blocks, a crosshatched type of pattern and high connectivity.  ITE refers to these as “traditional networks”.   

The contemporary suburban network has larger blocks, curving streets, intentional disconnection of streets and a branching/hierarchal pattern.    The suburban network has come into play due to the post World War II desire for quiet residential streets.  However, its longer block lengths, use of dead ends, cul de sacs and purposeful routing of all traffic to higher level roads, has led to virtual complete auto dependency.   ITE refers to these as “conventional networks”.   

Whether urban or suburban, when in service areas where picking up and discharging customers is a priority, the prevailing guidance in most street and network guidance is advocacy for compact and connected  networks.   These allow for shorter walking distances to and from transit service.    Most guidance falls within or near ranges recommended by ITE.   Specifically,  the ideal is that block lengths should not exceed 600 feet and preferably would be 200 to 400 feet.  In urban areas, block size should tend to be at the smaller end of this scale.   The graphic below from the Ontario guidance illustrates the relationship of network to access to transit service.

[image: image1]
The reality is that Transit Agencies also provide regional service and/or service between communities and districts. In those locations, mobility can be more important that local access to transit.   Indianapolis and Charlotte guidance specifically identify street or corridor types that are more oriented to high speed mobility between districts or communities, and in this block lengths and intersection spacing need to be longer.   

Closely related to block lengths and intersection density is traffic signal spacing.  In higher density urban areas, where transit is picking up or dropping off high volumes of passengers, the tradeoff of rider access via more frequent signals and high pedestrian access will generally be preferable and offset the slower route speeds that the compact network will provide.   On transit service spanning large distances with fewer stops, obviously the speed of service is more critical on the arterials where bus service is provided.   As an example, studies have found that a four lane divided arterial with signal spacing of about 2600 feet will carry the same amount of traffic as a six lane arterial with signals spaced at about 1300 feet (Transportation Research Board, Access Management Manual, 2003).  The larger signal spacing will also allow for improved travel times.  

Different types of streets within the Grid

While dense urban networks might include street spacing of 200 to 300 feet, this doesn’t mean that communities should continue to fall into the trap of designing every street for mobility.  Most new street guides that have emerged over the last decade include a range of typologies which relate street function to adjacent land use.   Even conventional transportation planning, based on AASHTO’s functional classification system, lays out a hierarchal classification ranging from residential streets to arterials and freeways.   Yet  many modern American cities have fallen prey to the one size fits all approach to street design.   It is not uncommon for downtowns of large American cities to contain many parallel streets, all tuned for mobility and free flow.   

This preoccupation with mobility over access does necessarily lead to efficient commutes.  Often times, overly wide streets in downtowns lead to freeways which are congested during the peak hours.  In these situation the width of the streets often does little more than provide storage for the queues on major arterials and freeways.  The irony is that by sacrificing access to transit and quality pedestrian and bicycle travel, the tuning of streets for automobile levels of service can actually diminish overall mobility.    The alternate modes which could have taken many of the trips off of the system and provided local mobility during congested periods. 

The Dutch recognize two purposes of road segments and intersections:  flow and exchange.     For their highest class of roads, flow is the priority for both segments and intersections.   For the slowest class of roads, which they call access (e.g. residential and commercial streets), exchange is the priority everywhere.    For their middle class, which they call distributors, flow is the priority on segments and exchange at intersections. 

This concept, which is reflected in the graphic below, is one of the key underpinnings of the increasingly number of Street Guides created around the country by cities and MPOs.    The idea is that quality transportation systems need both a slow network and a fast network.   This is essentially what AASHTO is trying to foster with its functional classification system.   Note the similarities between the intent of the Dutch graphic and the AASHTO graphic.
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So AASHTO, ITE, an increasing number of Context or Land Use based street guides and the international transportation community all agree that all good networks do need a framework of streets that do prioritize mobility.   To say it again, the slow network needs the fast network.    The problem that most transit agencies face is that they are trying to opertate service in a community or region where networks have been tuned primarily for higher speed mobility.    While this may actually benefit operating times for the TA, it only does so during off peak.    The over reliance on mobility with personal automobile creates congestion which undermines the reason from creating wide multilane streets in the first place.  It also creates a pedestrian hostile environment, diminishing the number of customers for the TA.   

the relationship between the high speed and low speed network

How much of the network should be high speed arterials and how far apart should they be spaced?   Across the full ranges of MPOs, Cities, DOTs and ITE which have provided guidance on this, it is generally agreed that arterials should be spaced at 1/2 to 1 mile intervals in suburban contexts and 1/4 to 1/2 mile intervals in urban contexts.  See 

Chapter 5 of the 2008 Smart Transportation Guidebook released by PennDOT and NJDOT for a good description of this concept. 
2. Street planning and design

Contrary to widespread belief, there is a good deal of flexibility in design guidelines for streets in America.    The key is to start first by ensuring that each street in the network is placed in its correct classification, that is that both the slow and fast portions of the network are defined. Transit agencies will then need to learn how to work with DOT and community planners and designs to understand how much flexibility there is in design manuals and performance standards (called Level of Service (LOS)) used to determine roadway widths and numbers of lanes.   Appendix A of this document contains a chapter excerpted from the Citizens Guide to Better Streets (see www.pps.org for the full version) on understanding flexibility in design manuals as well as how DOTs use travel models and levels of service performance measures to size roads. 

The real key is therefore for TAs to make sure that they are a part of the street and network design negotiation.   Otherwise, the all too common practice is for street design parameters to be primarily auto centric will likely prevail.
Finding the balance between the slow network and the fast network

All TAs which operate rail in any form, need to worry more about quality of the slow network than they done in the past.   Riders access transit services by walking and biking, not just by car.   TAs need to insure that the walking environment leading to their stops/stations are vibrant and pedestrian friendly.   The layout of the blocks and the connectivity of the road network also needs to be on their radar.   A companion document prepared by APTA defines the walk shed for transit service, which can range from  ¼ mile for bus service to 2/3 a mile diameter for heavy/commuter rail.   If the streets are disconnected or the block sizes very large, or the walking environment is unfriendly,  the effective diameter of the walk shed can decrease dramatically.  

On routes where TAs  operate bus service, they need to be mindful that the street should    

How do TAs find the balance?

The short answer is that TAs need to begin to think in terms of  context sensitive solutions.

They should map out their service on a community or regional map.   For regional bus service in lower density or suburban areas, the priority should be mobility as well as maneuverability for buses.   While it may be likely that much of the customer access to the bus stops are by cars, the TA should not ignore the quality and connectivity of the adjacent network.   This will not only allow for future pedestrian access to the stop, but a connected network will take some of the pressure off of the main transit route, particularly in times of incidents on the roadway.  On higher speed regional arterials, bus  bays may be preferrable to bus bulbouts.

For service in high density downtown and commercial areas, the emphasis need to be on the walkability of the network with the transit catchment area.   Some factors which facilitate operation of buses such as wider lanes, fewer intersections and large turning radii will actually hamper pedestrian activity.  Drivers of course should be provided adequate space to operate and maneuver their vehicles, minimize conflicts with other modes, and minimal delays.  However, when it comes time to resolve conflicts between users, the pedestrian should be given priority.    This issue may actually be solved by careful thought by the TA on where it might decide to locate the bus service in the first place.   Moving the service one block off the main street to a parallel facility might actually allow for better design accomodations for transit vehicles while not unduly compromising the pedestrian environment.    
3. Street Typologies 

The emerging trend to deal with this idea of different streets for different purposes and contexts have given rise to “Street Typologies”, which are increasingly being developed around the country.  This section will briefly summarize the typologies employed in several of the better Street Guides.       TAs are encouraged to choice one of the typologies to work from within their own service area.     As a default, APTA would recommend the approach outlined in the Smart Transportation Guidebook:  Planning and Designing Highways and Streets that Support Sustainable and Livable Communities (PennDOT and NJDOT):
· Regional Arterial
· Community Arterial 
· Community Collector
· Neighborhood Collector
· Local Road
a. Charlotte Urban Design Guidelines: has good language describing the tradeoffs between designing for autos and designing for other users.  It includes sections on What Do Motorists Want from Streets, then Pedestrians, Transit,  Bicyclists, and Adjacent Land Uses.   It also includes a section and a series of matrixes to help designers and stakeholders assess the tradeoffs between the various users.    

Chapter 4 lays out Street Typologies which depict roadway cross section features as well as suggesting the characteristics that adjacent land use should take to support the street typologies. 

Chapter 5 addresses intersections.   In particular, it defines a  different approach to Level of Service, including the definition of a Pedestrian LOS standard.

Charlotte’s street types fall along a continuum  with the Main Street being the most pedestrian-oriented street type and the Parkway being the most auto oriented street type.   The typologies refer both to the street itself plus the adjacent land uses.  Charlotte emphasizes that a given street may be classified differently on different segments.  The following are Charlotte’s typologies

· Main Streets:  destination streets
· Avenues:  diverse set of functions… ped friendly
· Boulevards:  move large numbers of cars from one part of the city to others
· Parkways:  move large numbers of cars from one part of Metro area to another… design decisions will typically favor the automobile mode over other modes.
· Local Streets provide access to residential, industrial, or co[image: image5.jpg]Less Intense  More Intense
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mmercial Districts… represent the majority of the lane miles of Charlotte’s street network. Speeds and motor vehicle traffic volumes are low
· b. Smart Transportation Guidebook:  Planning and Designing Highways and Streets that Support Sustainable and Livable Communities (PennDOT and NJDOT): This typology focuses on the characteristics of access, mobility and speed. It is based on the premise that if  a segment of an arterial is important to community access, and has a lower average trip length, and serves adjacent community oriented land uses, it should not be designed like a high order arterial. As with Charlotte, this typology is only a planning and design “overlay” for individual projects. 
· Regional Arterial In Suburban Corridor Context

· Desired operating speed: 30-55 mph
· Average trip length: 15-35 miles
· Volume: 10,000-40,000
· Intersection Spacing: 660-1,320 ft
· Roadways in this category would be
· considered “Principal Arterial” in traditional functional classifi cation.
· Community Arterial (In Town Center Context)

· • Desired operating speed: 25-55 mph
· • Average trip length: 7-25 miles
· • Volume: 5,000-25,000
· • Intersection Spacing: 300-1,320 ft
· • Often classified as “Minor Arterial” in traditional classification but may include road segments classified as “Principal Arterial.”
· Community Collector(In Rural Context)

· • Desired operating speed: 25-55 mph
· • Average trip length: 5-10 miles
· • Volume: 5,000-15,000
· • Intersection Spacing: 300-660 ft
· • Oft en similar in appearance to a community arterial.
· • Typically considered a “Major Collector” in traditional functional classification
· Neighborhood Collector (In Suburban Neighborhood Context)

· • Desired operating speed: 20-30 mph
· • Average trip length: < 7 miles
· • Volume: < 6,000
· • Intersection Spacing: 300-660 ft
· • Similar in appearance to local roadways.
· • Typically considered a “Minor Collector” in traditional functional classification.
· Local Road (In Suburban Neighborhood Context)

· • Desired operating speed: 20-25 mph
· • Average trip length: < 5 miles
· • Volume: < 3,000
· • Intersection Spacing: 200-660 ft
· c. San Francisco Better Streets: categorizes streets into 12 different street types.  These typologies are based on land use characteristics (residential, commercial, industrial, mixed-use) and transportation roles (downtown, throughway, neighborhood).  Special streets (parkways, park edge streets, boulevards and ceremonial (civic) streets), and small streets (alleys and pedestrian only streets) are also defined . San Francisco also makes it clear that its classifications are not intended to replace functional transportation classifications, but to make decisions about streetscape design. The following 12 typologies are identified:
i.  Alley 
ii.  Commercial Throughway 
iii. Downtown Residential 
iv. Industrial
v. Industrial Mixed Use 
vi. Multi-way Boulevard 
vii. Neighborhood Commercial 
viii. Neighborhood Residential  
ix. Parkway
x. Residential Green Street
xi. Residential Throughway
xii. Urban Trails and Paseos
d. ITE Thoroughfare Manual: identifies how design elements may be combined to produce a thoroughfare in urban areas with traditional characteristics.  It includes tables of common cross-sectional design elements for thoroughfare types in each context zone and provides design examples under various situations.   It specifies values for both street design as well as setback.  Typologies are below: 
i. Arterial and collector each have three context zones:
1. Suburban, General Urban, Urban Center/Core
2. Each Context Zone is subdivided into residential and commercial
i. Residential and commercial are subdivided into boulevard, avenue and street
e. Indianapolis Regional Center and Metropolitan Planning[image: image6.jpg]Lotgestwalking deance s
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 Area Multi-Modal Corridor and Public Space Design Guidelines: 
iii. Placemaking Corridors support intense commercial and residential nodes at the center of the district with many people and modes converging on traffic calmed streets.
iv. Thru Corridors form district edges and connect districts. Connector Corridors convey travelers from district edge to district center. Local corridors provide connectivity within the district.
v. A Multi-Modal Connector Corridor is a short (quarter- to halfmile) link primarily used to connect with other longer multimodal corridors. A Connector Corridor has a slower trafficspeed and volume and usually has stops at each intersection.
vi. Local Corridors are residential and commericial streets which connect the rest of the corridors
Within these corridors, Indianapolis describes 18 street typologies.   See table below:
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2. Integrating transit into street rights of way

How each of the above  issues plays out depends on how the TA will seek to integrate transit into street rights of way.  Transit could be operated within a reserved guideway, or it could be mixed in the street along with other modes.     This paper will provide guidance on the various options for doing so, ranging from center running to two way split side to two way single side and one way single side.   Examples from the US and elsewhere will be provided. 
Both space for transit vehicles as well as for stops need to be negotiated within a multimodal street design.  Again, it needs to be emphasized that not every street in the network needs to be optimized for every mode of transportation.   When it comes to buses, there are even streets – primarily residential – where they don’t need to be accommodated at all.

Urban thoroughfares vary greatly in terms of functional design requirements, adjacent context, and other characteristics. Transit types also vary in terms of design parameters and the relationship to surrounding development. The interface between thoroughfare and transit types is critical in order to improve the quality of design and the built environment and integrate transit successfully into urban environments..

The purpose of this paper is to provide guidance on the physical integration of urban thoroughfare and transit design as well as some case study examples.
Transit Types

“Transit” comes in many shapes and sizes of high capacity transportation, including: Heavy Rail (Subway and Elevated), Commuter Rail, Light Rail, Streetcars, Bus Rapid Transit (BRT), and Express Bus/Local Bus. Each transit type has its own characteristics in terms of corridor and system design, operations, and development impact. Decisions about appropriate transit type for a particular corridor or line will depend on a balancing of a variety of factors, including the connections to the regional transportation network,

costs, and ridership opportunities. The following chart shows approximations. These modes represent a spectrum of what is possible but the lines between are often blurred as streetcars can often be referred to as light rail and express buses are sometimes called rapid buses.

The beneﬁts of small blocks that best tie transportation and urbanism concerns involve parking. Parking requirements in land development regulations are often the reason that developers insist on large sites, but when these regulations allow ﬂexibility in meeting their requirements—namely, between on-site parking and parking located on the street— the beneﬁts of smaller block sizes are more apparent. 
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