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COMPLETE STREETS DESIGN

R. Marshall Elizer, Jr., P.E., PTOE
Gresham, Smith and Partners

 Senior Principal, Gresham, Smith and Partners, 
Nashville, TN 

 40 years roadway design experience, 22 of those 
with local governments 

 Technical Editor, ITE’s Urban Street Geometric 
Design Handbook

 Policy Committee, ITE/CNU’s Designing Walkable 
Urban Thoroughfares: A Context Sensitive 
Approach

 Member, AASHTO’s Technical Committee on 
Geometric Design (Green Book, Low Volume Roads 
Guide, etc)

 Technical Advisory Committee, AARP’s Complete 
Streets for Older Adults

Your Instructor: Marshall Elizer, P.E., PTOE
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Learning Outcomes 

■ This 90-minute session will provide guidance on current and evolving 
design practice for Complete Streets. The material covered will define the 
typical goals of Complete Streets projects followed by review of the leading 
design guidance that can be used to achieve those project goals. Current 
federal and state guidance will be referenced as well. An example design 
project will be used to illustrate the design process for selecting key design 
controls and criteria. 

■ Specific objectives are:

■ Describe the benefits of adopting an effective complete streets design 
policy and deploying strategies necessary for its effective implementation

■ Identify and explain design research, best practices, standards, guides, 
and technical tools that design professionals can utilize to balance and 
meet the needs of all users

■ Explain technical design flexibility available within current design guidance 
and standards
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What is a Complete Street?
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A Complete Street is…

…designed to be safely traveled by ALL legal 
users…of all ages and abilities…no matter who 

they are or how they travel.
5

Bottom Line?

A Complete Street is safe, comfortable & convenient for 
use by ALL legal modes….current and planned.
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What does a Complete Street look like?

There is no magic formula…each design is tailored to 
meet the needs of all users considering area context 

and overall transportation system needs. 
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A Complete Street provides….
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Minimum levels of:
 accessibility
 capacity of service
 quality of service
 safety
 convenience

….for all legal users. 



5

More Walking & Bicycling 
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Safety, Safety, Safety 

All user types had significant increases, but BICYCLE (13%) & 
PEDESTRIAN (10%) fatalities increased the most.

7.7 PERCENT INCREASE in U.S. traffic deaths from 2014 to 2015.      
From 32,675 in 2014 to an estimated 35,200 fatalities in 2015 (+2,525)

10
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Safety, Safety, Safety

Streets are highly dangerous for “vulnerable” users

Vehicle 
speed (mph)

Probability of Pedestrian Fatality by Age Group

All Ages
(%) 

Age up to 14 
(%)

Age 15 to 59 
(%)

Age 60+ 
(%)

20 5 1 1 3

30 45 5 7 62

40 85 16 22 92

Table 1. Probability of pedestrian death resulting from various vehicle 
impact speeds.

Source: Speed Concepts: Informational Guide, FHWA-SA-10-001, 2009
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Complete Streets Design
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 Often complex but fairly standard process

 Street design has been traditionally driven by:
 Functional classification (arterial, collector, etc)
 Design-Year Vehicle ADT, % trucks/buses
 Desired vehicular Level of Service (LOS)
 Selected vehicle Design Speed
 Pedestrian/bicycle minimums
 Design Policy/Standards (Federal, State, local)
 ADA requirements
 Utilities, drainage, environmental, etc
 Available budget and available right-of-way

But, there is a GROWING focus on serving ALL travel 
modes with more public involvement in the design 

process….so what does that involve?

Designing Streets and Roads
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 The needs of all users/modes are fully understood and 
considered throughout the process….locally and system-wide.

 The process ensures the right of safe and convenient access and 
travel of all users and modes.

 The current and future land use and area context is a key 
consideration in determining design options. 

 There is a robust process for evaluating and choosing design 
alternatives with consideration of all users/modes throughout the 
process.

 Local and system stakeholders are                                     
involved throughout the concept and                                        
detailed design process.

Complete Streets Design involves…

14
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Existing Roadway Design 
Guidance

15

Federal Design Guidance 

 2011 “Green Book” is the latest 
edition

 Produced by the American 
Association of State and 
Highway Transportation Officials 
(AASHTO)

 Adopted by FHWA as the 
standard (specified in 23 CFR 
625) for construction and 
reconstruction projects on the 
National Highway System (NHS)

 NOT the standard off of the NHS 
but many agencies adopt it.

16
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 State and local agencies generally establish their 
own “standards”

 Should not refer to the Green Book as “AASHTO 
standards” other than for the NHS

 Should never refer to the Green                          
Book as “safety standards”

 The Green Book provides support and             
guidance for Complete Streets design

Key Point
The AASHTO Green Book is written as a 

Policy on Geometric Design
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“The intent of this policy is to provide guidance to 
the designer by referencing a recommended range 
of values for critical dimensions. It is not intended to 
be a detailed design manual that could supersede 
the need for the application of sound principles by 
the knowledgeable design professional. Minimum 

values are either given or implied by the lower value 
in a given range of values. The larger values within 
the ranges will normally be used where the social, 
economic, and environmental (S.E.E.) impacts are 

not critical.‟

Green Book Foreword, 2011

Understand the Intent of the Green Book

18



10

“Emphasis is placed on the joint use of 
transportation corridors by pedestrians, cyclists and 
public transit vehicles. Designers should recognize 
the implications of this sharing of the transportation 
corridors and are encouraged to consider not only 
vehicular movement, but also movement of people, 

distribution of goods, and provision of essential 
services. A more comprehensive transportation 

program is hereby emphasized.‟

Green Book Foreword, pg xlii

AASHTO 2011 Green Book Multi-Modal 
Accommodation/Service
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Emphasis on designer consideration of the 
“context” of the project area [sec 1.3.3 & 1.3.5]

Highlights the flexibility available to encourage 
choosing design criteria [pgs 1-9 thru 1-13] that is:

 consistent with the context of the project

 needs and value of the community

 with respect to economic limitations

AASHTO 2011 Green Book                   
Chapter 1 – Highway Functions

20
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 Rural:  “Minor arterials therefore constitute routes that 
should provide for relatively high travel speeds and 
minimum interference to through movement consistent 
with the context of the project area and considering 
the range or variety of users” [pg 1-9]

 Urban:  “For facilities within the subclass of other 
principal arterials in urban areas, mobility is often 
balanced against the need to provide direct access as 
well as the need to accommodate pedestrians, 
bicyclists, and transit users” [pg 1-11]

AASHTO 2011 Green Book    
Functional Characteristics
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 “The first step in the design process is to define the 
function that the facility is to serve and the context of the 
project area”  [pg 1-13]

 “…the designer should keep in mind the overall purpose 
that the street or highway is intended to serve, as well as 
the context of the project area”   [pg 1-13]

 “Arterials are expected to provide a high degree of 
mobility for the longer trip length. Therefore, they should 
provide as high an operating speed and level of service 
as practical within the context of the project area”         
[pg 1-12]

AASHTO 2011 Green Book re                   
“Context” Sensitivity   
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 Some States and local agencies have adopted the 
Green Book for their geometric design minimums or 
as their design guidance manual.

 Most State DOTs and local agencies have                
also developed their own geometric design              
policies, guidelines and standards.

 And many of those agencies (hundreds                    
in fact) have also developed                       
complimentary guidelines for                                   
the geometric design of                                            
“complete streets”. 

Individual State or local agency design 
policies & manuals typically apply

23

United States Department of Transportation Policy Statement on 
Bicycle and Pedestrian Accommodation Regulations and 

Recommendations, March, 2010

Federal Policy supporting Complete Streets

The DOT policy is to incorporate safe and convenient walking 
and bicycling facilities into transportation projects. Every 

transportation agency, including DOT, has the responsibility to 
improve conditions and opportunities for walking and 

bicycling and to integrate walking and bicycling into their 
transportation systems. Because of the numerous individual 

and community benefits that walking and bicycling provide —
including health, safety, environmental, transportation, and 

quality of life — transportation agencies are encouraged to go 
beyond minimum standards to provide safe and convenient 

facilities for these modes.

http://www.fhwa.dot.gov/environment/bicycle_pedestrian/overview/policy_accom.cfm

24
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Traditional Guidance

 AASHTO: Green Book, 
ped/bike and other 
design references

 Other national
guidelines & best 
practices

 State DOT Standards   
& Guidelines

 Local agency standards 
and guidelines

Broad Conventional Design Guidance
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 The AASHTO bicycle and pedestrian 
design guides are the primary 
national resources for planning, 
designing, and operating bicycle and 
pedestrian facilities.

 NACTO’s Urban Bikeway Design 
Guide and the ITE’s Designing Urban 
Walkable Thoroughfares guide build 
upon the flexibilities provided in the 
AASHTO guides.

 FHWA supports the use of these 
resources to further develop non-
motorized transportation networks, 
particularly in urban areas.

FHWA Design Guidance Memo: Bicycle and 
Pedestrian Facility Design Flexibility, August 20, 2013
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 The Guide provides sample scenarios that 
build on the flexibilities in the AASHTO 
Policy on Geometric Design of Highways 
and Streets, Guide for the Planning, Design, 
and Operation of Pedestrian Facilities and 
Guide for the Development of Bicycle 
Facilities.

 The Urban Street Design Guide can be used 
to inform the planning and design process in 
conjunction with these other resources.

 The Urban Street Design Guide can serve as 
one of many planning and design resources, 
but it does not supersede other existing 
national standards or guidelines. 

FHWA Perspectives on NACTO’s                           
Urban Street Design Guide - 2014
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Available at
http://nacto.org/usdg/ 

Other Design Guidance

Designing Walkable Urban 
Thoroughfares: A Context 
Sensitive Approach, 2010

 Covers a wide range of issues 
and challenges in urban 
complete streets design.

 Relates guidance to AASHTO 
design policy. 

 Provides specific guidance on 
many design features, 
techniques and tools.

28
Free download at www.ITE.org Bookstore
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And much more national guidance…
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And even more…

30
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Numerous State DOT Complete 
Streets Design Guidance Documents
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And growing numbers of local CS design guides

32
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The New AASHTO Bicycle & 
Pedestrian Guides

 Pedestrian Facility design guide update scheduled for 
2017 release

 Bicycle Facility design guide update scheduled for 
2017/2018 release

 Expect new and                                                                       
more advanced                                                     design 
guidance

Available thru the AASHTO Bookstore 38
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Achieving Multimodal 
Networks

 A resource for practitioners to build 
multimodal transportation networks 
 Highlights ways to apply design 

flexibility found in national design 
guidance 
 Focuses on reducing multimodal 

conflicts and achieving connected 
networks.
 Includes 24 design topics:
 12 design topics on design flexibility
 12 topics on measures to reduce 

conflicts between modes. 
 Includes relevant case studies and 

references to appropriate design 
guidelines.

August 2016
Free Download
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Small Town and Rural 
Multimodal Networks

 Resource & idea book intended to 
help small towns and rural 
communities support safe, accessible, 
comfortable, and active travel for 
people of all ages and abilities

 Provides a bridge between existing 
guidance on bicycle and pedestrian 
design and rural practice

 Encourages innovation in the 
development of safe and appealing 
networks for bicycling and walking in 
small towns and rural areas

 Shows examples of peer communities 
and project implementation that is 
appropriate for rural communities

December 2016
Free Download

40
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Multimodal LOS/QOS 
Guidance

Guidebook for Developing 
Pedestrian and Bicycle 
Performance Measures, Federal 
Highway Administration, US 
Department of Transportation, 
FHWA‐HEP‐16‐037, March 2016. 

 Evaluating Complete Streets 
Projects: A Guide for 
Practitioners, AARP/Smart 
Growth America, April 2015.

Both are free downloads 41

ITE Traffic Engineering 
Handbook

 CHAPTER 5: Level of 
Service Concepts in 
Multimodal Environments
 CHAPTER 9: Planning, 

Design, and Operations of 
Road Segments and 
Interchanges in Urban Areas
 CHAPTER 11: Design and 

Operation of Complete 
Streets and Intersections
 CHAPTER 14: Traffic 

Calming
2016

Available for purchase in hard or e-copy. 42
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New ITE Bike/Ped Design 
Guidelines

Recommended 
Design Guidelines to 
Accommodate 
Pedestrians and 
Bicycles at 
Interchanges (2016)

Available for purchase in hard copy 43

Transit Street Design Guide 
NACTO

 Provides guidance for how cities can maximize transit 
potential on neighborhood and downtown streets

 Provides tools to actively prioritize transit on the street

 Chapters on Station Stops, Transit Lanes/Transitways, 
Intersections, Transit System Strategies

New guidance 
from ITE

Available for purchase in hard or e-copy
44
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Geometric Design of Transit Facilities     
on Highways and Streets, AASHTO

 AASHTO Guide for Geometric Design 
of Transit Facilities on Highways and 
Streets (2014)

 Significant guidance on integration of 
highway & transit modes and geometric 
design considerations

 Chapters on:
 Design Parameters & Controls
 Guidelines for Bus Facilities
 Light Rail & Streetcar Facilities
 Pedestrian & Bicycle Access
 Available in hard copy from AASHTO
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Road Diets 
(Lane Reductions) 

 Encourage appropriate operating          
speeds   
 Reclaims ROW for other features:
 New/wider sidewalks
 Bicycle lanes
 Pedestrian buffers/landscaping
 On-street parking
 Wider medians/turn lane

 FHWA Case Studies: Evaluation of 
Lane Reduction "Road Diet" Measures 
and Their Effects on Crashes and 
Injuries, FHWA-HRT-04-082

FHWA Road Diet 
Informational Guide, 

2014

Free download available
46
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Roundabout Design 
Guidance

 FHWA Roundabout Technical Summary
 NCHRP Report 672 - Roundabouts

Free downloads available 47

Mini-Roundabouts

Mini roundabouts and 
neighborhood traffic 
circles lower speeds at 
minor intersection 
crossings and are an ideal 
treatment for uncontrolled 
intersections.
 Careful attention should 

be paid to the available 
lane width and turning 
radius used with traffic 
circles.

48Free download available
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Recommended Bicycle Lane Widths
NCHRP 766

 Presents recommendations for bicycle 
lane widths for various roadway and 
traffic characteristics, including traffic 
volume, vehicle mix (i.e., % trucks), lane 
width and/or total roadway width, and 
presence/absence of on-street parking. 

 Conclusions most applicable to      
urban and suburban roadways           
with level grade and a posted                
speed limit of 30 mph

 Should be used cautiously for                     
the design of roadways with              
vehicle speeds outside of the                
25 to 35 mph range. 

Free download available 49

Separated Bike Lane Planning &     
Design Guide, FHWA, 2015

 A separated bike lane is an 
exclusive facility for bicyclists 
that is located within or 
directly adjacent to the 
roadway and that is 
physically separated from 
motor vehicle traffic with a 
vertical element. 

 Also sometimes called "cycle 
tracks" or "protected bike 
lanes.“

Free download available 50
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Incorporating On-Road Bicycle        
Networks into Resurfacing Projects

 Recommendations for how 
roadway agencies can integrate 
bicycle facilities into their 
resurfacing program. 
 Methods for fitting bicycle 

facilities onto existing roadways, 
cost considerations, and case 
studies. 
 Does not present detailed 

design guidance, but highlights 
existing guidance, justifications, 
and best practices for providing 
bikeways during resurfacing 
projects.

Free download available 51

Design Guidance - High-Speed       
to Low-Speed Transition Zones 

 Presents guidance for designing the 
transition from a high-speed rural 
highway to a lower-speed section, 
typically approaching a small town. 
 Includes methodology for assessing 

these highway sections and a catalog 
of potential treatments for 
addressing problems. 
 Includes a Design Guidance 

document that a transportation 
agency can adapt to meet its own 
purposes and needs. Design Guidance for High-Speed 

to Low-Speed Transition
Zones for Rural Highways

(NCHRP 2012)

Free download available 52
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FHWA Speed Reduction 
Reference

Engineering Countermeasures for Reducing Speeds                        
A Desktop Reference of Potential Effectiveness, May 2014 

Geometric Features, Surface Treatments & Markings, Signs, Narrowing, 
Access Controls, and Combination Measures. Supported by 54 references. 

Free download available 53

A Key Concept of Complete Streets Design:

Understanding Design Flexibility within 
Current Design Policy/Guidance

54
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Why Flexible Design?

 Allows consideration of a wider 
range of design options and 
alternatives to fit conditions

 Enables more cost-effective designs 
that improve safety and efficiency of 
all modes

 Promotes Context Sensitive 
Solutions (CSS) principles               
(an FHWA/AASHTO joint              
priority)

55

 Recognizes that flexibility is a necessary and desired 
aspect of the design process

 Uses a risk assessment and risk management approach 
for all aspects of the design

 Applies performance criteria to evaluate flexible design 
decisions, as well as condition criteria

 Understands the risks and consequences for design 
decisions – this often requires more information and 
higher level analysis than simply applying criteria             
“by the book”…and use of                                 
engineering judgment 

Flexible Design Philosophy

56
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“As highway designers, highway engineers strive to 
provide for the needs of highway users while maintaining 
the integrity of the environment. Unique combinations of 
design requirements that are often conflicting result in 
unique solutions to the design problems”

“...Sufficient flexibility is permitted to encourage 
independent designs tailored to particular situations.”

Source: 2011 Green Book, Foreword

The AASHTO Green Book               
is Flexible Design Policy

57

■ Many dimensions and values are shown as ranges

■ Many criteria described as “guidelines” or “typical”

■ Many concepts are not dimensioned and discussed only 
in functional terms

■ In many cases, choices are offered for how to complete 
a design

■ Solutions or concepts not specifically included are not 
precluded

■ Specific solutions are not mandated

■ Designer judgment is implied or explicitly suggested

What Flexibility is in the Green Book?

58
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AASHTO/FHWA Online Webinar on Geometric Design

For More About Flexibility in Design

59

Complete Streets Design Process  
Framework

60
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1. Understand current conditions

2. Identify deficiencies

3. Set project goals

4. Develop cross-section and design feature options

5. Evaluate trade-offs and impacts, select final cross-
section & features

6. Quality control check – have deficiencies and goals 
been addressed?

NOTE: Stakeholders are engaged throughout

CS Design Process Framework

61

■ Street character and its relationship to adjacent land uses 
(existing and future)

■ How the street functions:

■ Vehicular traffic volumes/speeds, other users

■ Service level for pedestrians, cyclists, motorists

■ Special needs groups (older/younger/ADA/etc)

■ Current design features

■ Number of lanes, medians, parking, sidewalks, bike 
provisions, traffic controls, trees/landscaping, etc

■ Transit stops/stations

■ Street’s relationship to surrounding street/ped/bike/transit 
networks

■ Transportation policies, plans, or planned projects that would 
influence future street needs

Step 1: Current Conditions

62
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 Poor traffic service/safety within project limits (think ALL 
modes/conditions - cars, trucks, buses, peds, bikes, ADA, 
emergency access, etc)

 Inadequate pedestrian or bicycle facilities (condition, 
safety, convenience, system gaps)

 Gaps in the street network (congestion, circulation)

 Transit operations (stops, shelters, efficiency)

 Inconsistencies between the existing/future                    
land use and the  existing/planned street

 Other voiced stakeholder concerns                                 
and desires

Step 2: Identify Deficiencies
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 What conditions are expected to stay the same?

 What conditions do you WANT to stay the same, or change?

 Would the users and adjacent community like the street to 
change? Or not?

 If change is desired, what are the desired outcomes?

 What conditions are likely to change because of the street 
design?

 In the end will it meet stakeholders expectations?

Step 3: Set Project Goals

Cars Trucks Buses Peds Bikes Others

What conditions exist today?

What needs to change? And 
why?

How is that change best 
achieved thru design?

64
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■ Depending on the length of 
project, current/future land 
use & multimodal traffic 
demand, cross-section(s) 
and street features/criteria, 
cross sections can change 
within a project!

■ If a feature is not needed 
now, but may be in the 
future, preserve that option!

Step 4: Develop Cross Section & Design 
Feature Options

65

 No prescribed method to evaluate 
trade-offs in complete street 
design.

 Needs and priorities change from 
project to project, and often within 
projects.

 Use a method that identifies and 
weighs all user needs and 
solutions against each other.

 Selection of a final design may not 
meet all objectives but addresses 
those considered most important 
to the design team and community.

Step 5: Balancing “Trade-Offs”

66
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Step 5: Evaluate trade-offs and impacts, 
select final cross-section & features

67

 Will the final design concept address the deficiencies 
identified in Step 2?

 Will it address the goals identified in Step 3?

 Are the pros and cons of each design element understood?

Step 6: Quality Control Check

68
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 A focused approach to providing the most complete street 
design for a given context and set of conditions.

 A commitment to include all stakeholders.

 A defined thought process for evaluating and balancing 
design trade-offs. 

 A framework for assessing and applying new tools and 
techniques when appropriate.

 Accountability and transparency                                           
in the design process.

A Good Complete Streets Project Design 
Process Provides:

69

Design Criteria and 
Controls

70
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Design Speed

71

 Design speed is a selected speed 
used to determine the various 
geometric features of the roadway.

 The assumed design speed should be 
a logical one with respect to  
topography, anticipated operating 
speed, adjacent land use (context), 
and roadway functional classification.  

 Speed is a fundamental input to 
design.

 Low speed design is 45mph or less

Speed & the AASHTO Green Book

72
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Recent FHWA Guidance 
Memo on Speed

Relationship between Design 
Speed and Posted Speed,    
October 7, 2015 

 “In urban areas, the design 
of the street should generally 
be such that it limits the 
maximum speed at which 
drivers can operate 
comfortably, as needed to 
balance the needs of all 
users. “

October 2015

73

 Target Speed is the speed at 
which vehicles should operate    
on a thoroughfare in a specific 
context, consistent with the level 
of multimodal activity generated 
by adjacent land uses to provide 
both mobility for motor vehicles 
and a safe/convenient  
environment for pedestrians and 
bicyclists. 

 The target speed is usually the 
posted speed limit.

Speed - Designing Walkable Urban 
Thoroughfares

74
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 Design speed – safety buffer for 
design parameters (max 5 mph     
over target speed)

 Walkable arterial standard:               
25-30-35 mph target

 Design speed should be      
determined by target speed; not
operating speed (operating speed 
may be higher than desirable in an 
urban area with high levels of 
pedestrian activity)

Speed - Designing Walkable Urban 
Thoroughfares

75

Determine target speed, then use design tools 
and features to achieve design speed

 Lane width

 Curb radii

 Curb extensions

 Marking & signing

 Paving materials

 On-street parking

 Landscaping

 Etc.

Speed - Designing Walkable Urban 
Thoroughfares

76
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Speed- Designing Walkable Urban 
Thoroughfares

77

Design Vehicle

78
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 Typically assume P (passenger car) and SU 
(Single Unit Truck)

 Special provisions for areas with routine transit 
vehicles (CITY-BUS) and/or larger trucks (WB-50) 
(WB-62FL )

Design Vehicle
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Design Vehicle

 It is usually 
acceptable to 
design for large 
vehicles to turn 
using multiple lanes

 And it may be 
acceptable for 
occasional large 
vehicles to cross 
into oncoming 
lanes 

80
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Select the most appropriate design vehicle

Most facilities don’t need to be designed for the 
worst case or exception vehicle.

81

Lane Widths

82
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Although lane widths of 12’ are deemed “desirable” 
on both rural and urban facilities, there are 
circumstances that encourage the use of lanes less 
than 12’ wide:

AASHTO Green Book

 11’ lanes - urban areas where right-of-way and 
existing development become stringent controls

 10’ lanes - low-speed facilities 
 9’ lanes - low-volume roads in rural and 

residential areas

83

 10’ to 11’ if design speed less than 35 mph 

 Consider wider lanes along horizontal curves for 
off-tracking

 Consider wide curb                                          
lanes at intersections                                           
for large vehicles

Designing Walkable Urban Thoroughfares 
(ITE/CNU)

84
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Lane width and safety

There is no indication that the use of 10- or 11-ft lanes, 
rather than 12-ft lanes, for arterial midblock segments 

leads to increases in accident frequency. There are 
situations in which use of narrower lanes may provide 

benefits in traffic operations, pedestrian safety, and/or 
reduced interference with surrounding development, and 
may provide space for geometric features that enhance 

safety such as medians or turn lanes. The analysis results 
indicate narrow lanes can generally be used to obtain these 

benefits without compromising safety.

Potts, Harwood & Richard - Relationship of Lane Width to Safety for Urban and 
Suburban Arterials, TRB 2007
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Designing for Pedestrians

86
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Sidewalk design criteria

Buffer pedestrians from 
roadway traffic with:

 grass/landscape strips

 street trees/furniture

 parked cars

 bike lanes

87

Raised crosswalks, Refuge Islands

88
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Prioritize pedestrians at driveway crossings

89

 Shortens exposure 
time

 Improves visibility, 
especially for 
children

 Creates visual pinch 
points to slow traffic

Reduce crossing distances with curb 
extensions & refuge islands

Source: www.completestreets.org

90
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Avoid large turning radii which encourage 
fast turn speeds and limit sight distance

Source: www.completestreets.org
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Small Intersection Radii Slows Turns, 
Reduces Crossing Distances and Makes 

Pedestrians More Visible 

92
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 A bridge may be the “make or break” 
link for pedestrian and bicycle 
networks.

 USDOT Policy: DOT encourages 
bicycle & pedestrian accommodation 
on bridge projects including facilities 
on limited-access bridges with 
connections to streets or paths. 

 This includes potential connections 
to facilities on parallel or 
intersecting streets or paths.

Pedestrians and Bridges

93

 Think about “context”

Design new and retrofit 
bridges for all potential 
users

Consider that motorists 
can tolerate several-mile 
detours; non-motorized 
users cannot

Design Guidance for Bridges

94
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Designing for Bicycles

95

Bicycle Facilities

 Local street access

 Shoulders

 On-street bike lanes

 Separate cycle tracks

 Multi-use trails

 Bike racks

96
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 Creating more 
appropriate vehicle 
lane widths

 Encouraging 
appropriate operating 
speeds

 Creating a “soft 
buffer” between 
travel lanes and 
roadside objects

Bike lanes can make streets safer, by….

97

Bicycle lanes create a larger effective turn 
radius for larger vehicles

Oregon DOT

98
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Generally on lower volume roads.

Wide outside curb lanes.

Often enhanced with “Bike Route” signs.

Bicyclists may need to “take the lane” to avoid 
debris, potholes, bumps, etc.

Need to maintain smooth pavement.

Need bicycle-safe grates.

Bicycle Facilities – Shared Lanes

99

Allow motor vehicles and bicycles to coexist.

Shoulders wider than 6 feet usually can handle 
bicyclists: prefer 8 or 10 feet on busier highways.

Need to maintain smooth pavement (rumble strips?).

Need bicycle-safe grates.

Need to remove debris.

Conflict with some State                                       
laws that prohibit using                                shoulders 
as travel lanes.

Bicycle Facilities – Road Shoulders

100
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Can be hazardous to bicyclists.

Need “escape” spaces

Bicycle Facilities – Rumble Strips
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 Usually same direction

 Can be left side

 Can be contraflow

Bicycle Facilities – On-Street Lanes

102
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 Intersections need special considerations and 
treatments

 Caution with door zones

Bicycle Facilities

103

 A bicycle facility next to roadway (1 or 2 way).

 More popular in Europe (Netherlands, Denmark).

 Addressed in new AASHTO Guide and ITE’s 
Separated Bikeways report.

 May be grade separated from                                    
motor and pedestrian traffic.

 Can requires special                                                     
intersection controls.

Bicycle Facilities – Cycle Tracks

104
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 Ongoing discussion about bicyclists traveling 
through roundabouts.

 See the AASHTO Guide and Bicycle 
Countermeasure Selection System (BIKESAFE)

Bicycle Facilities - Roundabouts

105

 Bike parking for transit

 Public bike parking

 Bike racks on buses

 Bike racks on trains

Bicycle Amenities
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Designing for Transit

107

Designs should provide room for 
stops and amenities

Designs should provide safe and 
convenient access to stops

Adequate Bus Stop Access is Needed

Message: Bus riders don’t 
matter

Not accessible to those in 
wheelchairs

108
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Designs should account for and facilitate 
transit operation balanced with other modes

 Multiple transit modes 
(bus, BRT, LRT, 
streetcar) in ROW

 May generate significant 
new pedestrian access 
demands

 May have special 
geometric design 
requirements

 May have special traffic 
control requirements (bus 
priority/preemption)

 New AASHTO guidance

109

Road Diet Design
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 Encourage appropriate operating speeds (consistent with 
design speed)

 Reclaims ROW for other features
 Bicycle lanes
 Wider sidewalks
 Street trees
 On-street parking
 Wider medians/turn lane
 Etc.

 FHWA Evaluation: Evaluation of Lane Reduction "Road 
Diet" Measures and Their Effects on Crashes and Injuries, 
FHWA-HRT-04-082

 Examples from FHWA Bicycle Design Course: 
www.tfhrc.gov/safety/pedbike/pubs/05085/chapt15.htm

Road Diet Relationship to Complete Streets

111

Median Design

112
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 Safety
 Reduced vehicular crashes

 Crossing refuge for pedestrians

 Roadway character
 Can encourage lower operating speeds

 Terminates long vistas

 Opportunities for landscaping enhancement but must 
consider sight distance                                                  
impacts

Medians Relationship to Complete Streets

113

Vehicular 
Safety

30% potential increase in 
crashes

Safety issue becomes 
more pronounced at 
24,800 to 28,000 AADT 
threshold

12% potential increase in 
crashes

Safety issue becomes more 
pronounced at 24,800 to 
28,000 AADT threshold

Lowest crash rate

Mobility Highest delay

Minimize turn movements 
(driveway consolidation)

Least signal delay (storage) Must provide adequate 
storage

Access Unrestricted access Unrestricted access Most restrictive

Pedestrian 
safety

Pedestrian must cross 
four lanes of traffic

Widest crossing distance

Center turn lane not a safe 
refuge

Pedestrians cross two lanes 
at a time

Raised median provides 
refuge

Median Benefits

114



58

Medians help reduce crash risk for random 
mid‐block crossings.

115

Medians & Refuge Islands break long complex crossing 
into two simpler crossings

116
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Designing Walkable Urban Thoroughfares

117

Horizontal Clearance

118
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AASHTO Roadside Design 
Guide

Chapter 10 – Roadside Safety in 
Urban or Restricted Environments
 Extensive section on roadside features 

for urban and restricted areas and their 
safe placement 

 Describes “enhanced lateral offset” for 
use in urban areas where conventional 
clear zone widths are impractical. 

 Urban control zone concept: keep 
obstacles away from intersections, 
driveways, speed change lanes. 

 Emphasizes that 1.5 foot min lateral 
offset to obstructions is NOT a clear 
zone. 

119

AASHTO Green Book and Horizontal 
Clearance

 Designers should understand that, once a vehicle leaves 
the road, a crash or potentially serious encounter with the 
roadside may occur, regardless of the clear-zone width. 

 The selected clear-zone width is a compromise, based on 
engineering judgment, between what can practically be 
built and the degree of protection afforded the motorist 
[also consider safety of other ROW users].

 Limitations in available right-of-way, the location, 
frequency, and nature of roadside objects, or the presence 
of valued resources such as wetlands,                              
or the need to provide for pedestrian or                        
other activities may practically limit the                            
clear-zone width. 

120
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Fixed Objects and Street Trees

121

 Important buffer between 
pedestrian and travel 
lanes

 Contributes to roadway 
character

 Contributes to driver 
perception of speed

Relationship to Complete Streets
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 1.5 from face of curb (roadside)

 3 ft. from edge of inside travel lane (median)

Horizontal Clearance = Lateral Offset 
Distance

1.5’3’

Source:  AASHTO Green Book minimums
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 Clearance mitigated when bike lanes and/or on-street 
parking are present

Horizontal Clearance

4’

124
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Intersections

125

Cars, trucks, buses

Bicycles

Pedestrians

Intersection challenges

Greatest potential for conflict

126
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Intersection challenges

Compact, low-speed, human scale

vs. high-speed, high-capacity

127

 Lane additions

 Lane widths

 Median type/width

 Turn lanes

 Corner radii

Consider the impacts of 
intersection scale when 
contemplating:

128
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Corner radii

Crosswalks

Curb extensions

Right turn lanes/channelization

Roundabouts

Intersection Components

129

Shorter radii create smaller intersections, more 
pedestrian scale

Reduce pedestrian cross times

Encourage more appropriate                        
vehicular speeds in                          
walkable/bicycle areas

Allow for more compact                                   
crosswalk placement

Corner Radii Relationship to Complete 
Streets

130
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 Increase crossing 
distance and

 Make crosswalk & 
ramp placement 
more difficult

Large radii

131

Effective Curb Radius

 Effective radius is 
larger than built radius 
if travel lanes are 
offset from curb w/ 
parking and/or bike 
lane

Oregon DOT

132



67

Impossible turn

Keeping it tight:

Curb radius

 On one-way 
streets, corners 
with prohibited 
turns can have a 
very small radius

133

Corner 
radii

Criteria

5 feet
Urban core/center where no turning vehicles are 
present (i.e. one—way street).

10 to 15 feet

High pedestrian volume (existing or anticipated).
Low turning volume, speed.
Passenger vehicle is design vehicle.
Few trucks, buses.

> 15 feet
Encroachment of larger vehicles is unacceptable.
Receiving lane is < 12 ft and lacks bike lanes or 
parking.

ITE/CNU – Walkable Streets Recommended 
Practice

134
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What about large vehicles?

135

Must consider the range of likely vehicles, but 
don’t have to design all elements for them.

136
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Complete Intersections….for bicyclists and 
pedestrians

A comprehensive guide 
for how to design or 
redesign  intersections 
to optimize safety for 
pedestrians and
bicyclists 

137
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139

Midblock 
Crosswalk 
Guidance

140
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Signalized Intersection Issues

141

What About Liability?

142
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Even though design flexibility 
has been available and 
encouraged in key design 
guidance, many designers 
have been reluctant to use it. 

Today’s design practices 
continue to  become more 
“context” sensitive and less 
focused on “generally 
accepted” standards and 
policy. 

Design and Liability

143

 The most solid legal defenses are based on immunity such as 
statutory design, statutory discretion or compliance with internal 
or external policy.

 Significant guidance exists for defense strategies in cases where 
generally-accepted standards of design are not strictly followed 
but the design is considered reasonably safe.

How to Minimize Individual & Agency Risks

Step 1:Ensure a clear design policy exists for your agency that 
addresses flexibility in design and use of engineering judgment….
….coordinated with your attorney.

Step 2: During design, solidly document the reasons for variances 
from “generally accepted” design guidance and do so in conformance 
with your agency’s design policy.

i.e., NCHRP Legal Research Digest 57, Design Liability Defense Practices 
for Design Flexibility, March 2012

144
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Thoughts on Liability

 Don’t let liability concerns get in the way of 
innovative and creative design

 Thoroughness and understanding of design 
guidance is required, but unique approaches are 
allowed and encouraged

 Being too conservative belittles our skills as 
engineers and limits growth in the profession

 Designers should remember that their skills, 
experience and judgment are valuable tools that 
should be used

145

Design Example

146
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 One mile long; two 11-ft thru lanes each direction
 65 to 70 ft. ROW with above-ground utilities
 5 to 8 ft. sidewalks w/ numerous obstacles
 No bicycle facilities or on-street parking
 30 MPH posted speed limit
 ADT ranges from 22,000 to 36,000vpd
 Ten (10) street intersections, five (5) signalized
 Thirty-six (36) private drives
 Major east-west transit route with several stops 
 Significant pedestrian activity, particularly in 

evenings/special events
 Limited bicycle activity along street but              

substantial in adjacent neighborhoods
 Several intersecting streets are one-way
 Frontage is mix of retail and small office uses
 Adjacent to major university

Jones Avenue Corridor Existing Conditions
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Jones Avenue Corridor, Midtown, USA
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Community’s Project Vision

The goal of the Jones Avenue Corridor 
Project is to convert a mid-town, auto-
oriented state highway corridor that is 
frequently used as a pass through on 
the way to somewhere else and make 
it into an urban, multi-modal corridor 
providing safe and attractive 
transportation for pedestrians, 
bicyclists, transit, and cars, while 
creating a unique urban district with a 
variety of opportunities for people to 
stay and discover a great place. 
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Key Issues/Challenges from 
Studies &Stakeholders

Traffic Operations:
 Difficult to make left turns
 Restricted left turns at some locations
 High volumes serving local and thru traffic

Transit:
 Unpredictable schedule during heavy 

traffic
 Lack of bus stop facilities

Safety:
 Left turn difficulty creates unpredictable 

patterns
 Pedestrians interfere with traffic at peaks
 Emergency vehicles often impeded
 Sidewalks not wide enough for peaks
 No provisions for bicycles

Service/Deliveries:
 Alleys too narrow
 Delivery trucks park in streets, alleys and 

on sidewalks

Adjacent Hospitals/University:
 Continued growth plans
 Cut thru traffic both campuses
 Hospitals desire more street closures
 Events/congestion obstruct hospital access
 Jones corridor is first impression 

Parking:
 Not enough…assigned business or public uses
 No on-street parking on Jones
 Lack of street parking enforcement 
 Predatory towing

Context/Land Use:
 Jones corridor seen as “back door”
 Protect and enhance “landmarks”
 Inconsistent development standards
 Businesses adapted to thru traffic rather than 

area neighborhoods
 Higher density/land use mix needed

149

 Number of thru lanes, traffic LOS, 
diversion

 Intersection corner radii

 Sidewalk widths/amenities, pedestrian 
LOS

 Median location/type/design

 Median opening locations/turn prohibitions

 Driveway number/location/design

 Midblock pedestrian crossings

 Traffic signals/traffic controls

 Bicycle accommodation/amenities

 Landscaping/streetscape amenities

 Parking – location, type

 Transit stops/amenities/pullouts

 Underground/relocate utilities

Alternative Design Options Evaluated

150
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Alternative Cross-Section Designs 
Developed through Stakeholder Involvement

151

Pros, cons, impacts of various options 
on all modes identified and trade-offs 
discussed relative to project goals.

Final Alternatives Selected and Visualized

152
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 Two thru lanes 13 ft. w/ bike allowance

 12 to 15 ft. sidewalks w/ amenities

 Selected 11 ft. turn lane locations

 15 to 25 ft. corner radii

 Parallel on-street parking space pockets added

 Transit stops/amenities added

 One mid-block crosswalk added

 Extensive streetscape/landscaping

 Textured pavement used at intersections

 Utilities relocated to back alleys

 Left turns prohibited                                               
except at signals                                                           
and major drives

Jones Corridor Final Design Choices
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Complete streets design is a process…every 
outcome is usually different in some way.

 It requires understanding of service to all modes, in 
an integrated and balanced manner, compatible 
with the surrounding land use and coordinated with 
community interests.

Stakeholder engagement is critical.

Geometric design flexibility is usually necessary.

Engineering judgment is always necessary.

Final Thoughts

154
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