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Intersection Design Objectives
(AASHTO Bike Guide Chapter 5)

5.8.1. Minimize Exposure to Conflicts
5.8.2. Reduce Speeds at Conflict Points
5.8.3. Communicate Right-of-Way Priority
5.8.4. Providing Adequate Sight Distance
5.8.5. Transitions to Other Facilities

5.8.6. Accommodating Persons with
Disabillities
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0 Conventional Bike Lanes and © Separated Bike Lanes with
Shared Lanes Mixing Zones®

l I

@ Separated Bike Lanes or Shared Use Q Protected Intersections®
Paths through Roundabouts

? Left turn conflicts not depicted for two-stage bicyclist left turns

Legend
== bicycle travel path

—— motorist travel path
potential conflict

Figure 5-13: Comparison of Bicyclist Exposure to Motor Vehicles at Intersections



AASHTO Section 10.3.5. Signal Phasing
Schemes for Reducing Conflicts

Table 10-1: Recommended Hourly Turning Traffic Thresholds for Time-Separated Bicycle Movements
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NCHRP 15-73
Project Overview
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Research Objective

Develop tools and design guidance
for transportation practitioners to use
to reduce conflicts between turning
motorists and bicyclists at controlled
Intersections.



Bikeway Intersection Treatments Studied

BIKEWAY INTERSECTION TREATMENT!

Conventional Bike Separated Bike Lane Pocket Bike ixi Protected
Lane at Intersection at Intersection Corner?

1. These intersection treatments can be combined with various bikeway types on the segment (e.g., a conventional bike lane along a segment could transition
to a Protected Corner or it could transition to a Mixing Zone).
| | 2. The Decision Tool and Design Guidance uses the term “Pocket Bike Lane” exclusively. Within in the body of the Final Report for NCHRP 15-73, the term
1 o o L E “Pocket Bike Lane” and “Keyhole Bike Lane” are used interchangeably and refer to the same treatment.
3. The Decision Tool and Design Guidance uses the term “Protected Corner” exclusively, which refers to the treatment of one intersection approach with
DE s | G N elements of a protected intersection. In the body of the Final Report for NCHRP 15-73, the terms “Protected Corner”, “Protected Intersection”, and “Offset
Intersection” are used to refer to the same treatment.
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SAFE STREETS

RESEARCH & CONSULTING

MACRO CRASH ANALYSIS

Overview:
Provides broad
understanding
of crashes

Macro crash analysis is independent from
N’ other analysis and can start earlier due to
less rigorous process to choose jurisdictions.

Scale: Three
state-level
datasets

Answers Question:
How does the frequency
and severity of left-

and right-hook crash
type vary in different
contexts?

STATE OF
PRACTICE

SITE
SELECTION

Task Analysis Flow Chart

TOOLE

DESIGN

LW,
~ Cd

HUMAN FACTORS STUDY

Human factors study ran in parallel to the

micro crash analysis and conflict analysis.

Overview: Explores
and validates design
assumptions about
conflicts and provides
opportunity to study
treatments not yet

in the US.

*

MICRO CRASH ANALYSIS

Sites for the micro crash analysis was informed
by the state of practice survey and was
determined during site selection, prioritizing/

Answers Question:
How do motorists and
bicyclists operate in
various intersection
configurations?

Scale: Collected
usable data from

40 participants and
16 scenarios

(four design
treatments with
other factors varied)

aiming for a range of sites with differing
risk factors.

Overview: Studies
crashes at smaller,
more focused scale

Answers Question:

How do operational
and design features
influence risk?

Scale: Crash data
for over 550 sites

VIDEO-BASED CONFLICT ANALYSIS
. The video-based conflict analysis was
_r L 4 completed at a subset of micro crash analysis
sites, prioritizing locations with regularly
observable conflicts.

Overview: Examines
conflicts at a targeted

scale to fill gaps due to
infrequency of crashes

Answers Question:
How do known risk
factors relate to

the frequency and
severity of conflicts?

Scale: Conflict
analysis for
28 sites

DECISION TOOL
AND DESIGN

GUIDANCE

This tool is based

on the findings from
the analysis in this
research, including
safety performance
(crash analysis),
likelihood of a severe
conflict (video-based
conflict analysis),

and speed profiles
through conflict zones
(human factors study).
It also incorporates
established knowledge
about bicyclists
comfort in various
treatment types.



Research Methods Overview

Methods

Micro-Crash
Analysis

Video-Based
_r.bCoanict

Analysis

. Human

Scale

573 sites
233 crashes

28 sites
2,000+ hrs video
16k+ conflicts

40 participants

Factors Study 640 turns

(Simulator)

~8 hrs data

Strengths

Direct measure of
safety

Detailed event-level
data and many
observations

Controlled experiment
Not limited to sites
built

Detailed event and
driver performance
data

Disadvantages

Observational method and rare events
Limited details of crash event actions
Variations in crash reporting

Needs accurate exposure information

Observational method

Conflicts with VRUs harder to define
consistently with metrics

Knowledge gap in correlation with crashes
for VRUs

Limited to drivers recruited to experiment
Challenge with translating performance
measures to safety and design decisions
Practical limit on variables to explore

TOOLE
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Findings for Preferred Treatments

R Protected corner are recommended

I&;;
Ik
‘” AN

1 OOLE *Limitation: small sample size

DESIGN

Protectead ] Separated Bike Lane
S for any locations where space can at Intersection

be reallocated to provide a
protected corner.

Middle crash rate in AUS, MSP, SEA*
Lowest crash rate in NYC

Similar number of conflicts as Mixing
Zone

Second lowest mean speed at conflict
point

People bicycling are the most
comfortable with a Protected Corner

Separated bike lane treatment at
the intersection is recommended
where there is not space to provide
a protected intersection.

Highest crash rate in AUS, MSP, SEA
Second highest crash rate in NYC**

Lowest predicted number of conflicts

. Moderate mean speeds at conflict
J " point

‘F People bicycling are comfortable at
OO intersections that maintain separation

**Limitation: exposure models may not fully capture

number of bicyclists using streets with these treatments



Findings for Preferred Treatments

Mixing zones are only recommended Pocket bike lanes are only
where ngthtt-_turmn_g x?ltumels are h'gdh recommended in limited situations
(necessitating a right-turn lane) an and recommends a mixing zone rather

there is not space to maintain a : :
separated bike lane at the than a pocket bike lane in most
scenarios.

intersection.

X

Second lowest crash rate in AUS,
SEA, MSP

)

* Lowest crash rates*

_r~' Lowest predicted number of conflicts

_r.' Lowest predicted severe conflicts*

Lowest mean speed at the conflict

) Highest vehicles speeds at the conflict
7" point _r~' J P

point
. People bicycling are the least
O‘.“O comfortable in Pocket Bicycle Lanes
and Mixing Zones

. *Limitation: likely highly-confident bicyclists are _
TOOLE primary users, which may contribute to mixing See NOTE on pocket bike lanes on
DESIGN zones having relatively good performance next slide

ﬂa People bicycling are the least
O'O comfortable in Pocket Bicycle Lanes
and Mixing Zones
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A Note on Pocket Bike Lanes

= Pocket bike lanes in research had —
relatively longer right-turn lanes. Higher
guality pocket bike lanes may have
resulted in better safety performance.

= |n locations where space is available,
consider a pocket bike lane with a high-
guality design, such as:

= Short-turn lane (less than 150 feet)

» Flex posts separating through lane from bike
lane

25'min

|| must | R3-TR
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Decision Tool
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Data Needs

= Bikeway selection for the segment:

= Motor vehicle daily volumes

= Motor vehicle design speed/operating

speed/target speed

= |ntersection treatment selection:

Legend: «—— Response

Response may decrease

Start Here. Q1. Is the existing bikeway on “€ =~ safety and comort
For existing streets | hg street segment a Separated C— question
W'tgii2$g§md Bike Lane? @ vidblock Bikeway Type
Recommended Intersection
I L - Treatment
No Yes

F Stest Hers. Q2. What bikeway types does Bike Lane or Q3. Do right-turn vehicle
or existing streets | y,o FHWA Bikeway Selection |t el L0 volumes excesd 300 vsh/he?

vﬂti::vl:ftaze:riiaé;d Guide recommend?’ Lane
(Refer to Figure 6)
street o ) LYes

.

Sl"lared Lane or Q4. Can the intersection be re-designed Q6. Can the intersection be re-designed
Bike Boulevard to reallocate space for a Separated Bike to reallocate space for a Separated Bike
Lane?* Lane and a right-turn lane?*
' | '
~-No-~ Yes +===No==~
’ ’
I
v ; Yes
, Q5. Can the intersection
Provide be re-designed to BEimeh
Mixing Zone

~No-
SLhare‘d s reallocate space for a
AL Conventional Bike Lane?*

! Q7. Can the intersection be re-
designed to reallocate space for
a Protected Corner?*

J |

Provide - Y
Conventional Bike s

o====Yeg=-===7

= Motor vehicle hourly right-turning volumes

= Existing/anticipated hourly bicycle

volumes

TOOLE

DESIGN

Q8. Do Anticipated Bike Volume (per
hour) and Right-turn Volume (per hour)
exceed the thresholds on Figure 7.
Phase Separation for Protected Corners?

No—J LYes

Q9. Do Anticipated Bike Volume (per hour)
and Right-turn Volume (per hour) exceed the
thresholds on Figure 8. Phase Separation for

Separated Bike Lanes at Intersections?

No—J LYes

Provide Separated Provide Separated Bike Provide Protected Provide Protected Corner

with full phase separation or
leading interval*

Corner with
concurrent phasing®

Lane with full or partial
phase separation®

Bike Lane with
concurrent phasing®

*  Questions 4, 5, 6, and 7 require the practitioner to consider how the space at the intersection can be adjusted to provide
dedicated space for people biking. See section titled ‘Strategies for Reallocating Space’ for detailed strategies for narrowing
travel lanes, reallocating travel lanes, and making changes to on-street parking.



Decision Tool

Separated Bike Lane |
or Shared Use Path

= Use Bikeway Selection Guide to
determine preferred bikeway type on
segment

= |f a bike lane or separated bike lane
IS preferred, use decision tool to
evaluate what type of intersection
treatment is preferred to reduce
turning conflicts between motor
vehicles and bicyclists at controlled
Intersections

58— Bike Lane
(Buffer Pref.)
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2k Shared Lane
or Bike
1k  Boulevard

VOLUME

SPEED MILES PER HOUR

Notes

1 Chart assumes operating speeds are similar to posted speeds. If they differ, use operating speed rather than posted speed.

2 Advisory bike lanes may be an option where traffic volume is <3K ADT.

1.0 o I E 3 See page 32 for a discussion of alternatives if the preferred bikeway type is not feasible.
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Considering Bicycle Design Users
In Design Decisions

= Decision Tool is designed for Interested but Concerned Bicyclists;
However, practitioners have the flexibility to choose designs to
accommodate All Ages and Abilities. Thresholds in the decision tool
can be considered minimums.

= Decision Tool includes: L(g_d

= Reference to NACTO’s “Choosing an All Ages & Abilities
BICyCle FaC”lty” - Question

. . . - Recommended Treatment
= Discussion on network and how community needs to
determine their low-stress and/or All Ages and Abilities
network

TOOLE
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Likelihood of Severe Conflicts & Thresholds
for Phase Separation

Predicted Conflicts in Separated Bike Lanes

= Conflict analysis estimates

50
. Turning Vehicles per Hour
number of severe conflicts . el
) 40 100 veh/h
based on vehicle volumes 150 vohih
and bicycle volumes B3] — 2t

= Decision Tool uses a
threshold of two conflicts
per hour to determine a
minimum threshold for full - = - .
phase Separatlon Through Bicycles per Hour

N
=
0
o

@
\
\\\

Predicted Conflicts per Hour (PET = 1.5 sec)
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Revised Thresholds for Phase Separation

Separated My
Bike Lane \
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Right-turn Volume (per hour)

50 1

Concurrent
Phasing

0 _—

0 50 100

*Consider Leading Interval
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Leading
Interval

150

Protected 0
Intersection %
\\
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250 N
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\\
Full Phase 200 b
Separation

Right-turn Volume (per hour)

100 Concurrent
Phasing
50
0 |
200 250 300 350 400 450 500 550 0 50 100 150

Anticipated Bike Volume (per hour) *Consider Leading Interval

Threshold from AASHTO is 150 vph regardless of
intersection treatment and bicycle volume

Full Phase
Separation

™ Leading

o Interval
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200 250 300 350

Anticipated Bike Volume (per hour)

400

450
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AASHTO Bike Guide

Traffic Signals and Pedestrian Hybrid Beacons

.....................................



Chapter 10 — Traffic Sighals and Pedestrian
Hybrid Beacons

= 10.1 Introduction

= 10.2 Design Guidance for Traffic Signal Control

= 10.3 Traffic Signal Phasing for Managing or Reducing Conflicts
= 10.4 Traffic Signal Timing for Bicyclists

= 10.5 Bicycle Signal Design Consideration

= 10.6 Detection for Bicycles

= 10.7 Design Guidance for Pedestrian Hybrid Beacons

= 10.8 Toucan Crossings with Traffic Signals

TOOLE
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AASHTO Section 10.2.4. Traffic Signal
Indication Options for Bicyclists

= Bike signal head warrant:

» [eading or protected phasing

=  Contra-flow movements

= Signal heads beyond cone of vision

= Bike signal head application:

= Can only be used without conflicting
vehicle turns

Padestrian Standard Traffic Bicycle Signal
Signal Face

| Signal Head Dasignated for
Bicycle Use
Figure 10-2: Examples of Signal Indication Options for Bicyclists
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AASHTO Section 10.3 Signal Phasing for
Bicyclists

; @ Bike phase with conflicting permissive vehicle turns
=" @ Leading bicycle interval

SSSSSS

@ Bike phase with non-conflicting thru vehicle movement (no

conflicts)
- @ Protected bike phase: Bike phase on with no other vehicle
movements
0 < & >3
. none time separation from motor vehicles
TOOLE ¥ full



® | eading Bicycle Interval

|
(1] (2] : (3] - 0 A o
i —t—s -3
_ legend
Or RTE with:
protected protected ;
vehicle s bicycle m— Pedestrian
movement movement movement
permitted permitted
ssnnunp vehicle s nu ) bicycle €  phase sequence
movement movement
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® Protected Bicycle Phase

I
(1) 1 (2] | 3} H o
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legend
protected protected
vehicle ) Dicycle
movement movement
permitted permitted
sunnnnpvehicle ssuunn ) bicycle
movement movement
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phase sequence
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O Exclusive Bicycle Phase
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Bicycle Position with Vehicle Minimum Green Time

10.4.1.1 Green Time Intervals_‘
for Bicyclists /

Table 10-2: Bicycle Minimum Green Time Equation

. Mlnlmum green Bicycle Minimum Green Time Equation
should be long Gyt 14T o L
enough for a
bicyclist to travel | o | = |bieyce minimum green time (s
halfway across v = | Gassumed gty o e
the intersection t | = | perception reaction time (generally 15 ¢
SO that the a | = |bicycle acceleration (assumed 2.5 ft/s?)
bicyclist is | = | deance o sop arto midle of e
established Iin the | ¢ | = [iypica lengtn of abicycie 51
Intersection.

bicycle travel path during
minimum green time

@ bicycle position waiting for
green

- @ bicycle position at end of
vehicle minimum green
DESIGN @ bicycle position at end of

bicycle minimum green



10.4.1.3 Clearance Intervals

for Bicyclists

= Some red
clearance always
recommended

= A portion of the
yellow change
Interval can be
used to satisfy
bicyclists
clearance needs
(see equation)

TOOLE

DESIGN

Table 10-5: Bicycle Red Clearance Equation

Bicycle Red Clearance

width of intersection from

D = stop bar to far side of travel
lane

4 = length of bike (6 ft)
v = speed of bicyclist (8 mph)
t = reaction time (1 sec)
a = bike deceleration (10 ft / s?)
y = vehicle yellow time

Bicycle Position with 2-second Red Clearance

bicycle travel path during G bicycle position at the onset of yellow;
green, yellow and red vehicle stopped on conflicting approach
interval waiting for green

future bicycle travel path @ bicycle position at end of red clearance!

future vehicle travel path start of green for conflicting vehicle

potential conflict

Figure 10-9: Bicycle Position During Red Clearance
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Thank you! Questions?

Tina Fink, PE, PTOE
Principal Transportation Engineer

cfink@tooledesign.com

.....................................
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