Protected Intersection
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Montgomery County Bicycle Master Plan
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Protected Intersections: Dedicate right-
of-way and implement protected
iIntersection improvements at all portions
of the intersection on the project’s right-of-
way frontage where at least one street is
recommended to have a sidepath,
separated bike lane, buffered bike lane, or |
conventional bike lane. (page 142) [
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Toole Design is the
nation’s leading
planning, engineering,
and landscape
architecture

firm specializing in
multimodal

transportation.
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Agend

AN
= |ntroductions

= Design Basics & Principles
= How to Design Protected Intersections

= Examples from Montgomery County &
Beyond

= |ntroducing the Protected Intersection
Design Checklist

= Wrap Up/Final Q&A
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Intersection Design Principles
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Minimize exposure to conflicts

SI;IIfae)t(;rr::g _ Reduce speeds at conflict points
comfort Communicate right-of-way priority

Provide adequate sight distance
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Why Protected Intersections?

e

Why?

* Intuitive and Comfortable

* Provide Clear Right-of-Way Assignment
* Promote Predictability of Movement

« Improved Visibility at Conflicts
 Reduced Number of Conflicts
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Protected Intersections
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. maintain the
physical separation through the intersection,
thereby eliminating the merging and weaving
movements inherent in conventional bike lane

and shared lane designs.”
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Why Protected Intersections:
Controlling Speeds at Corners
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Controlling Speeds at Corners
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Protected Intersections
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Geometric Protection Signal Protection

Physical separation Dedicated signal for a Sﬁecific
traffic movement throug
Intersection

Requires new materials,

whether marking & flex posts or For bicycles and pedestrians, may

new curbs and pavement require new traffic signals
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Questions

Y
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Protected Intersection
Design

Y
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Geometric Elements of

Protected Intersections e |

@ Corner Island

@ Bicycle Queuing Space ‘ I I I ‘
© Clear Distance

O Motorist Yield Zone
@ Pedestrian Crossing & Curb Ramps
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Corner Island Ay | o

* Foundational element of the protected
intersection

* Provides physical separation for bikeway ‘

» Physically protects bicyclist from right-
turning motor vehicles

« Creates space for a forward queuing area —
for bicyclists and yield space for vehicles

* Reduces total crossing distances ” (1)
» Controls motorists turning speeds i
* Option to include mountable truck apron I I I

()
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Minimize Curb Radius

e

* Design for £10 mph vehicle turns —
« Select smallest feasible curb radius =
« Factors Influencing Decision: e

=

« Number of travel lanes

« Configuration of travel lanes

« Characteristics of design & control vehicles
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DeS|gn & Control Vehicles
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Design Vehicle

Least maneuverable vehicle that
routinely uses the street

Used to set radius of corner island
Montgomery County’s Standard:

« SU-30 Single Unit Truck with 42-ft
turning radius

19



Design & Control Vehicles
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Control Vehicle

* Infrequent but necessary users of
the street

 Used to set radius of mountable
truck apron

« Montgomery County’'s Standard:

 Fire & Rescue Services
Standard Fire Truck

Figure &-7. Control vehicle, as defind by
Montgomery County Fire & Rescue Services
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Mountable Truck Aprons -

3”7 maximum ——

Visually distinct |

Large radii reduces bicycle,
pedestrian queuing areas

Reduced speed for passenger =
vehicles

Accommodates larger trucks
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Design & Control Vehicles
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Curb Radius




Curb Radius




Bicycle Queuing Area | |

* Provides space for stopping bicyclists (2
to wait

 Fully within the view of motorists at ‘
stop line, improving bicyclist visibility

* Enables bicyclists to enter intersection me——
prior to turning motorists, establishing
a right-of-way

* Where feasible, provide more space

for larger bicycles or in locations with (2 " I I I
heavier bicycle volumes

()
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Blcycle Queuing Area

AR Y

:' e
B, » 0

 Needs to be located outside
of the design & control
vehicle envelope

« Recommended minimum
dimensions: 6.5’ by 6.5’
(wider if two-way)

* Optional: green-colored
pavement to visually
delineate
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DESIGN



Clear Distance

* Provides necessary sight lines
between motorists and bicyclists

* Provides length for motorists and
bicyclists to decelerate and recognize
other users in parallel or counterflow
direction
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Approach Clear Space

AR
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Assumptions: . User can see _
Cars decelerate from 25MPH to stop = the other user

Bikes traveling at 12MPH User might see

Shows 60-foot setback the other user

Shows locations of vehicles and bikes _

every 1/2 second approaching the intersection User cannot see

the other user




Approach Clear Space

AN AR
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: :
Effective Vehicle Vehicular Turning Approach Clear E E
Turning Radius Speed Space
<18 feet <10 mph 20 feet I
18 feet 10 mph 40 feet
25 feet 15 mph 50 feet ﬁ §
30 feet 20 mph 60 feet @ &
>30 feet 25 mph 70 feet % ‘E
2 2
a &
@ =
. S -
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Check Intersection Sight Distances

step 1
motorisl assesses
hikeway canflicts

Step 1: motorist assesses bikeway and

pedestrian conflicts MTI

(Stopping Sight Distance for Bike Design Speed)

Step 2: motorist assesses motor 7
vehicle conflicts to complete movement

(AASHTO Green Book Case B Sight Triangles) 1l

TOOLE mai R
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Motorist Yield Zone BRIl | o

» Creates space for turning motorists to yield
to bicyclists and pedestrians

* Improves motorist view of approaching ‘
bicyclists by reducing the need for
motorists to turn their heads

 Reduces need to rely on mirrors to see —
bicyclists e

« Bicycle and pedestrian crossings should be (4)
separate but parallel to consolidate conflict
locations (unless the crossing is a shared- I I I
use path) _

()
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Motorlst Yield Zone

AN AT

. Provide a 6-to-16.5-foot
offset for venhicle yielding

* Improves visibility at conflict
points

Photo by Dylan Passmore, Toole Design — Vancouver, BC, Canada
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Visibility at Conflict Points

Motorist's view at
conventional bike lane

Motorist’s view at
separated bike lane

TOOLE

DESIGN




Visibility at Conflict Points

0’-6’

conventional bike lane Ve ﬂ protected intersection



Visibility at Conflict Points

0’-6’

conventional bike lane Ve ﬂ protected intersection
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bhotodSource: Jonathan Maus

Visibility at Conflict Point

Buffer
Space

conventional bike lane S - protected intersection



Pedestrian Elements Bl ||
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Pedestrian Refuge

« A6’ or wider pedestrian refuge median should be
provided between the motor vehicle lane & bikeway

« Must include detectable warning surfaces

Pedestrian Curb Ramps

« Required when bikeway is at street or intermediate
level

* Provides ADA-compliant connection from sidewalk to
cross bikeway

» Must include detectable warning surfaces

TOOLE
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Pedestrlan Elements

AN ..

Detectable Warning Surfaces

 Required at locations where curb ramps
transition pedestrians to bike lane and motorist
lanes of the street

Pedestrian Crossing of Bikeway
« Indicates the preferred crossing of the bike lane

« Communicates that bikes are to stop/yield to
pedestrians in the crossing

* Provides clear pedestrian path, reducing
likelihood that pedestrians will enter the bike
lane except when crossing

TOOLE
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Improved Safety for All Users

AN AR

« Clearly defined pathways increase likelihood of predictable
behavior from all road users

* Increased visibility improves motor vehicle yielding rates at
bike and pedestrian crossings

« Well identified crossing locations provide shorter crossings
for pedestrians and bicyclists along with refuge areas

« Slower motor vehicle turning speeds due to tighter
intersection geometry

Buffer
Space
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Design for Constrained Locations

Y
Maximum taper 3:1

Bend-out preferred (motorist yield zone,
bus stops, pedestrian refuge area,
loading and parking)

Separation increases sight distance
Corner island affects motorist yield zone

Bend-in generally used to increase
sidewalk widths at corners

TOOLE bend-out bend-in
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Bend-Out i = —
Intersection /issss pr——

11 11 2" 6.5 12’



Bikeway Transitions

Transition will vary depending on context L= w60

See Table 512

Transition design should clearly
communicate how bicyclists should enter
and exit the intersection and minimize
conflicts with other users

optional two-stage
bicycle turn box

Preferable to transition from a SBL to a
standard bike lane (or other) on the far
side of the intersection to maximize
comfort & safety of bicyclists

optional exit to

bicycle box
] Transition to Transition to
1 OOLE Shared Lane Bike Lane

DESIGN



Sighal Phase Separation
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« Eliminates or reduces turning vehicle and Hourly Volume Thresholds for Separate Turn Phases

bicycle conflicts
« Improves bicyclist safety at intersections

Three Factors:
1. Type of bikeway (one-way or two-way)
2. Motorist turn direction (left- or right-turn)

3. Number of motor vehicle travel lanes left-
turning vehicle crosses

TOOLE

DESIGN

Left Turn Crossing
One Oncoming

Left Turn Crossing
Two Oncoming

Lane Lanes
=100 2 50
One-Way Separated Bike
P ' ﬁ-» *
2 150* z 150*
250 ANY

Two-Way Separated Bike
Lane or Sidepath

2 100*

o
L 2

2100*




Trafflc Signal Options for Bicyclists
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SIGNAL SIGNAL
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Bicycle Detection

Used at actuated
signals —

Stop bar detection for
most locations

Advanced detection to
extend green and

minimize delay for tyPicaI g

bicyclists locations | 00 ¢

Also provide detection i 9 or q

for bike boxes and turn radvance
 detection

queue boxes

TOOLE ~
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Questions

Y

TOOLE

DESIGN



Protected Intersection
Examples

Y

Montgomery County & Beyond
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Capital Crescent Surface Trail, Bethesda
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Montgomery Ave & Wisconsin Ave, Bethesda
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Spring Street & 2nd Avenue, Silver Spring
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2"d Avenue & Fenwick, Silver Spring
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Protected Intersections in the US

Salt Lake City, UT B - Chicago, IL
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Austin, o '

photo source: Google




Protected Intersections in the US

Texas A&M




Design Challenge: Middlebrooke Pike (Knoxville, TN)
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« Small bike lane buffer

_requwed .bend_OUt at lllnuuulln'!jii i
Intersection | B2

“t

« Large truck movements

required truck aprons for
corner island
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Design Challenge: John Portman Cycle Track
(Atlanta, GA)

= O

- B
3

* Transition from buff'eré‘db bike
lane to separated bike lane

« Small buffer doesn’t leave
TOOLE much space for corner island
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QUICK Break!

5 minutes = back at 11:20 AM

TOOLE
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Protected Intersection
Review Checklist
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Developed by Toole Design for Montgomery County
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ecklist Format
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LOCATION INFORMATION
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INTERSECTION INFORMATION
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DESIGN & CONTROL VEHICLES
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Dialgn ebicli: ]

Contrel vahicle: |

INTERSECTION CONTROL TYPE
[T T AT ——

Signal

Conbel o
tkczton

Fzs e R

e M Montgomery Flanning rage et

Overall Intersection Info
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DESIGN ELEMENTS CHECKLIST

B e el e 1o
GEOMETRIC DESIGH
= am [P fmam
T T S 0 W |
T T
e e

Design Elements Checklist

APFENDIX &
DEFINITIONS & RESOURCES

GEOMETRIC DESIGM

Definitions & Resources

REFERENCE GRAPHICS

EXAMPLE 1:
S

EXAMIPLE 2:

P g e . | e v e i ey - Wb

WUirigemey Farg

Reference Graphics
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Checklist Resources
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g IR THL A RT MR

MARYLAND [ _ d| TRANSPORTATICN
Manual on Uniform Traffic Control Devices

s and Highways

2011 Edition

Y TS 5 dag— 0DOT
Don’t Give Up T (320 MULTIMODAL

at the Intersection ¥ .- 8 & iimors
Oacigning Alloges and AblHElas g - ‘-' alls Rd D ESI G N

Blayete Crocsings

GUIDE

APRIL 2003

Maryland State Highway Administration l_n,,:'

TOOLE
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Information Needed to Complete Checklist

AR T T T T T T TSy
Street Names
Ownership of Street
Street Type
Proposed Bikeway Type(s)
Intersection Control Type
Turning Movement Counts (if Signalized)

TOOLE

DESIGN
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Bikeway Types Review
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No Bikeway Conventional Bike Lane Buffered Bike Lane

TOOLE
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Bikeway Types Review
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One-Way Separated Two-Way Separated Sidepath
Bike Lane Bike Lane (Shared Use Path)
TOOLE
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How To Use The Checklist
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Complete this section once for the
entire intersection:

Street Names

Ownership

Street Types

Proposed Bikeway Types
Design & Control Vehicles
Control Type (Signal vs. Stop)

TOOLE

DESIGN
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DeS|gn & Control Vehicles

ERRIIRRRINR IR RN

DESIGN & CONTROL VEHICLES

Complete this section for the entire intersection.
See Complete Streets Design Guide, Section 6.4 Design Vehicle Versus Control Vehicle for additional information.

Design Vehicle: SU-30

Control Vehicle: Montgomery Co. Fire Truck *Standard fOr mOSt
Intersections In
Montgomery County

(see Complete Streets Design
Guide, Section 6.4 for additional
information)

TOOLE
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Use The Checklist

R R R R

Refer to appendices, figures, reference graphics and tables at the
end of the checklist for definitions and illustrations of concepts

APPENDIX A

DEFINITIONS & RESOURCES REFERENCE GRAPHICS

hor IELEahly L

"

TABLE C - INTERSECTION AFPROACH CLEAR DISTANCE

TABLES & FIGURES

EXAMPLE 1:
GEOMETRIC DESIGN BASED ON EFFECTIVE VEHICLE TURNING RADIUS
Ore-Way Separated B Lane Intersechion weth Mountable Truck Agram
O G Shace
=
q =18 # =10 mph 2048
C
K N M . L 1a# 10 mph 40 #i
G 25n 15 mph S0f
= E B
- i on 20 mph e
H = =0 28 mph TOh

shrudel e chafoniad by thacontrod werbicle, Mouniabie Cus masd be o | Teolst
e fan 1

DESIGN




Definitions, Specifications, & Resources

A Y
GEOMETRIC DESIGN

Met Walle sruiren:

GEOMETRIC DESIGN

Cf o Mo M inition & iication laspiirces & itign formati
1 LIRSy
Cormer Island Carner Island
“ carmer lsland” R Cormerlsland is included in design plans & | Comer Island The comner island allows the bikeway to be physically separated up to | MACTO Don't Give Up at the
I 2 ; ] : I . .
- o e intersection crossing paint whene potential conflicts with urning Intersecion
mator wehicles can be controlled more easily, It serves an important
- _— TR ial i o] mmm i T[S pufpose and mu;.l: be presert in order to II:.-.'-."EI::-'IB dered a pratectad
0| CarmerRadios Eadius nfcnrne izland serto 1501 nor, provice intersection, Design, geometry, and materials may vary from project
explanation in the comments anc complets to project, constructed with a vertical curb, or other materials, and
Section C Mountaole Trock Apron bealow, may include & mauntaale truck apron.
3 | Comer Radius The default cormer radius on most street types in Montgomery County | Complete Streets Design Guide,
- - . is 15" Exceptions include a default 25" corner radius when at least one February 2021 (PAGE 196)
T | Mountable Truck _ Mavntable oruck apron is included, radios is set to etrget s Industrial and a default 10" eomer radius when all intersect
Apran 150 If nat included faopropriatz, mark KA ing streets are Neighborhood Connectors, Neighborboad Streets, or
= Meighborhood Yield Streets, Dasigners should assume a maximum 10
mph turning speed for passenger cars and a 5 mph turming spead for
all ather vehicles,
C | Mountable Truck ‘Where a design or control vehicle requires awider turning radius Camplete Streets Design Guide,
Agran than the default corner mdius reguirement allows, a mountable truck | February 2021 (PAGE 196 & 203)
apron s required, Mountable truck aprons are part af the traveled
wiay and miust be desipnad to discourage bicyclists and pedestrians
from using them a5 & quewding anea
The outer mountaole truck radivs should be set to 13 (or the rec- Mentgomery Caunty Planning
ammended radius for the desipn vehicle). Radius closer 1o bikeway Department Bicycle Facility Design
should be defined by the control vehicle. Mountable curk must beno | Toolkit
faller than 37

TOOLE
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Geometric Design

R R R R Y

GEOMETRIC DESIGN

et Value Reqguirements

Corner Island

A | Corner Island® | N/A | Comerlsland is included in design plans.

B | Corner Radius Radius of corner island set to 15’ If not, provide
explanation in the comments and complete
Section C Mountable Truck Apron below.

C | Mountable Truck Mountable truck apron is included, radius is set to
Apron ' 15" If notincluded/appropriate, mark N/A.

TOOLE
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Geometric Design

GEOMETRIC DESIGN

Corner Island

Mer  Valus

[ ok, or M)

a | Cornerlsland®

(PR

Comerlzlanc is includec in design plans,

B | CormerRadius

Racius of cormerislanc set to 150 Fnot, provide
sxplanation in the comments and complete
Section C Mountable Truck Apran belo.

C | Mountable Truck
Apran

TOOLE

DESIGN

Mountable truck aoron is included, radivs 7s set to
15% Itnot includedApproprate, mars Mo

EXAMPLE 1:

One-Way Separated Bike Lane Intersection with Mountable Truck Apron

J* : PC
C
M
N, L
. (x)
Ll B
2 r Q B
R
EXAMPLE 2:
Two-Way Separated Bike Lane Intersection with No Intersecting Bikeway
[
a* PC
K @ L
N B
G
F Q D
= H R

T
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A — Corner Island

R R R R Y
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B — Corner Radius

R R R R Y

e Default corner radius in
Montgomery County is 15°

« EXxceptions:

e 25 corner when at least
one street is industrial

« 10’ when all are
neighborhood
connectors, or yield
streets

« See Complete Streets for
more details

TOOLE
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C - Mountable Truck Apron

AN AR

 Where design or control
vehicle requires a wider
turning radius, mountable
truck apron is required

« Mountable Truck Apron
radius should be 15’

« (Concrete curb radius set to
accommodate control
vehicle

TOOLE
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Geometric Design

GEOMETRIC DESIGN

Corner Island

Met Value
¥ ar M, ar M4

A | Corner lsland®

M

Carnerisland 15 included in design plans,

B | Corner Radius

Carner radius of protected island set to 150 If
not, provide explanation in the comments and
complete Section C - Mountable Truck Apron
bl

C | Mountable Truck
Apran

Mountzable truck apron is included, radius is set to
150 I not included) appropriate, mark MA,

TOOLE

DESIGN
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Geometric Design

cle Queuing Space

| Bioyoe Queding
LpEoe

Bicycle quening space has been orovided and is
oulside of the design vehicle envelope. Hecom-
mended minimum depth is 6.50

E | Bikeway Type

F | Bikeway Width

G| Separsled Bke Lane
Curk Type

RA

)

Seleck basec on street type anc 2eallable wicth
andvalurnes. Recommendations far bikewsay
wicths are pravided in Takle 7 inthe appendic
Straet types and fadiling selectian are provided in
Taole 200 the appendix,

Bikeway mests minimum width regquirements

in Talile 2 inthe appencis Sidepath minimem
wicth s bepizally L0 wicth does noelmest
requirernernls, provide explanation incemmernts,

Sepzrzled bike lane is bewveled. For sidepaths,
eriter My

H | 5top Bar

R

12" bicyole stop line is present and outside of the
wohicle travel path, Considerif a socond stop bar
i= necessany acrnas the bikewsy &t nedestrian
creasings, This may be appropriane in areas with
Fizh valumes of pedestrian activity but may
reguire addiional bicyclist detection (see bikeway
detection solion),

TOOLE
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EXAMPLE 1:

One-Way Separated Bike Lane Intersection with Mountable Truck Apron
I

K
- N :

Jﬁ'

EXAMPLE 2:

Two-Way Separated Bike Lane Intersection with No Intersecting Bikeway

Jl'

T
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D - Blcycle Queuing Space

AN AR

* Minimum depth of 6.5’

*  Width of opening should match
bikeway width or wider

 More recommended if high
volume bicycle traffic anticipated

TOOLE
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E - Blkeway Type

R R R R Y

List Bikeway Type used on
the leg of the street being
evaluated

Used to inform F — Bikeway
Width

TOOLE

DESIGN

Proposed Bikeway Type:

(select one or two)

One-Way Separated Bike Lane
: Two-Way Separated Bike Lane
: Conventional Bike Lane

: Buffered Bike Lane

Sidepath
No Bikeway
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F - Bikeway Width

A

Provide a consistent bikeway width
through:
« Bicycle Queuing Area

« Bikeway Crossing
 Bikeway

Width based on bikeway type

TOOLE
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F - Bikeway Width
AR —————ww
e Use Table 2 to determine

recommended bikeway
widths

« Sidepath widths are typically

10’ wide or greater
<150 6.5 5.0 <150 10.0 8.0
150 — 750 8.0 6.5 150-400 11.0 10.0
>750 10.0 8.0 >400 14.0 11.0

TOOLE
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G - Separated Bikeway Curb Type

AR R

Requirements:
Beveled curb (Type B) preferred,;
Mountable (Type C) allowed

Standard 620.02 Type B & C

MD SHA Type B & C Curb

4% MIN.

117 MIN.

TOOLE
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H - Blcycle Stop Bar

ERRIIRRRINR IR RN

Requirements:
- 12" Stop Bar
- Only across correct direction
- Outside of vehicle travel path

- Not in conflict with the mountable
truck apron

TOOLE
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Geometric Design

et Value Bequirements
[ or M, or NfA)

D | Bicycle Queuing , Sicycle queuing space has been provided and is
Space Y 6 . 5 outside of the design vehicle envelope. Recom-
mended minimurm depthis 65"

E | Bike Lane Type MAA Select based on street type and available width
and volumes. Recommendations for width and
Y volumes are provided in Table L. Street types and
facility selection are provided in Table Y.

F | Bikeway Width Bikeway meets minimum width requirements in
) Table Table Fin Appendix A Sidepath minimum
Y 6 width is typically 10° Enter width of bikeway in
“value”, [fwidth does not meet requirements,

provide explanation in comments,

G | Separated Bike Lane Y N/A | Adjacent to separated bikeways, proposed curbis
Curb Type beveled. For shared use paths, enter N/A.

H | Stopline N/ | 12" bicyele stop line is present and outside of the
vehicle travel path, Consider if a second stop bar
is necessary across the bikeway at pedestrian

Y crossings. This may be appropriate in areas with
high volumes of pedestrian activity, but may
require additional bicyclist detection isee bikeway
detection below),

TOOLE
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EXAMPLE 1:

Onme-Way Separated Bike Lane Intersection with Mountable Truck agron

6!

J*

=G
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Geometric Design

1 Clezr Diskance®

K Mo Parking/Restrizzed
Llse Signs

Motorist Yield Zone

L Motorstyelo Zone

TOOLE

DESIGN

R4

Confirm adequate clear distance for sight lnes
between parallel traveling metorists and Bioy-
clists, Clear distanoe mects monimum requine
ments in Takle 1in the appendix (Defauls is 207
clear distance where corner radius iz 157

Ma Farking cr Mo Stonping signs have been
incluces to restdct vehicles from parking ar
stopping within the clear distance zone.

Motoristvield zone provides a 6 Lo 16.5" ol set
lervehicle vislding, (T nol, povide explanation ol
uther treatments wsed to reduce maotor vehicle
treing soeeds anc reduce conflicns e, through
sipnalization) in comments (see signalization
below)

EXAMPLE 1:

One-Way Separated Bike Lane Intersection with Mou Truck Apron
J* : PC

K ] (
K N M L

-

h J

= F Q y S
H R
EXAMPLE 2:
Two-Way Separated Bike Lane | lon with No Intersecti e wWay
[
e PC
A
M L
K N 5
G
F Q D
= H R

T
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J - Clear Distance

* Measure from Point of Curvature (PC) of
motorists_effective turning radius (i.e. fastest
path) to nearest permitted sight obstruction

Table 1: Intersection Approach Clear Distance Based on
Effective Vehicle Turning Radius

<18 feet <10 mph 20 feet

18 feet 10 mph 40 feet

25 feet 15 mph 50 feet

30 feet 20 mph 60 feet

>30 feet 25 mph 70 feet
TOOLE

DESIGN
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EXAMPLE 1:

One-Way Separated Bike Lane Intersection with Mountable Truck Apron

J* PC

K — No Parking ] 1o NG

1

Clear Distance

ments in Takle 1in the appendix (Defauls is 207
clear distance whers carnar radius is 1587

4 Clesr Distance” Confirm zdequate clear distznoe for sight lnes —
between parallel traveling metorists and Bioy-
: clists, Clear distanoe mects monimum requine ‘

K Mo Parking/Restrizzed B i Ma Farking cr Mo Stonping signs have been
Use Signs . incluces to restdct vehicles from parking ar
stopping within the clear distance zone. EKAM P L E 2-
L)
Two-Way Separated Bike Lane In Ith Ro In o Bikeway
”* PC

No Parking or No Stopping signs must
be included where applicable to restrict N/ 78
vehicles from parking or stopping in
clear zone

OOLE SNu [T
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L — Motorlst Yleld Zone

AN AT

Requirements:

- 6't0 16.5 of
yielding space

- measured from
edge of traveled
way to bikeway
crossing

TOOLE
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L — Motorist Yield Zone

Requirements:
-6'to 16.5" of
yielding space

- measured from
edge of traveled
way to bikeway

—
crossing = H {\ O

DESIGN




EXAMPLE 1:

One-Way Separated Bike Lane Intersection with Mountable Truck Apron

J* PC
G t . D . :
eometric vesign .; c
SJ IIIII N M ® L
G
= F ) =
Fedestrian Refuge H R

M | Pedestrian Refuge A& ar wider pedestrian refuge median is provided

between the motar vehicle travel lane and the —

bikeway, and is located outside of the design

vehicle turning envelope.
M | Detectable Warning M/A | Appropriate Detectable Warning Surfaces (DWS)

Surfaces are provided in the curb ramp and pedestrian l .
refuge madian (as applicable).
Other EXAMPLE 2:

O | Fire Hydrant (R If fire hydrant is present, it has been relocated Two-Way Separated Bike Lane Intersection with No Intersecting Bikeway

outside of the corner? —

J” PC
M L
5 N— (B
G
F Q D
= H R

OOLE SNu [T
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M — Pedestrian Refuge

 Minimum 6’ width required to
create pedestrian refuge

envelope

» Outside of turning vehicle \

e Recommended where

possible

TOOLE

DESIGN
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N — Detectable Warning Surfaces

R R R R Y

Requirements:

- provided in 6° or
wider pedestrian
refuge

- equal to the width
of the crossing

TOOLE
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Sighing & Marking

SIGNING & MARKING

One-Way Separated Bike Lane Intersection with Mountable Truck Apron

Met Walue Bequirements
" or N, or Nf&)
Crossing Markings J*
P | Pedestrian Crossing High-visibility crosswalk markings are provided P
of Travel Lanes that cover the full width of the sidewalk or sidepath
Markings and are at least 10° wide. Crosswalk markings are
aligned with the Bikeway Crossing Markings (if
applicable) to the maximum extent possible. - '/E\'
ey N
Q0 | Pedestrian Crossing of A Pedestrian crossing of the bikeway is provided. T~ e
Separated Bike Lane G
Markings -
2 F Q
R | Bikeway Crossing Bikeway crossing markings are provided (if —
Markings and Signing applicable} and align with roadway ownership,

Specify which standard is used. Bikeway crossing
markings are aligned with the crosswalks (if
applicable] to the maximum extent possible. If
crossing of the bikeway is uncontrolled, a MD
MUTCD RS-6 Bikes Yield To Peds sign is provided.

5 | Green-Colored Where provided, green-colored pavement
Pavement markings follow Montgemery County Standards.

TOOLE
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AR Y

P — Pedestrian Crossing of Travel Lanes

* Follow Montgomery S o
County Standard T — e
» High-visibility,  S—
continental style B === A
. e —
* Atleast as wide as poue — W S
sidewalk, no less T —t
than 10" in width - —
=
I

PEDESTRIAN CROSSING
- nrE

* FOR 8" BIKE LANE USE OME LESS STRIPE

TOOLE

DESIGN
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Q - Pedestrian Crossing of Separated Bikeway

R R R T 3 : P

e . il ':t.':
[ 2 = '] e 5
I |_. : pe * /

* 12" markings with 12" spacing

* Pedestrian crossing of
bikeway to a refuge or transit
stop

* Not necessary if part of a one-
stage crossing (no median
refuge)

TOOLE
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R — Blkeway Crossing Markmgs

AN AR

Should only be used when connecting to a
facility on far side of intersection (omit if no
bikeway facility on opposite side)

Align with the pedestrian crosswalk
markings to the maximum extent possible

For uncontrolled crossings, MD MUTCD
R9-6 Bikes Yield to Peds sign should be
provided

TOOLE
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R — Bikeway Crossing Markings (by Ownership)

AN
2 4 2
= 3’ [
Montgomery County Maryland SHA
2’ marking, 4’ gap, 2’ marking 3’ marking, 3’ gap, 3’ marking
TOOLE
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R — Blkeway Crossing Markings (by Ownership)

R R R R Y

KDSHA BICYCLE CROSSING DTTED WHTE LINE

Montgomery County Maryland SHA

2’ marking, 4’ gap, 2’ marking 3’ marking, 3’ gap, 3’ marking
TOOLE
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S — Green-Colored Pavement

R R R R Y

Optional, but recommended to improve g
visibility and alert all roadway users to g
the dedicated space

Where provided, should follow
Montgomery County Standards

TOOLE
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Signal Design Considerations

R R R R Y

Mt Yalue Requirements
[¥ or M, or MjA]

« Select from one of the Bikeway
Which of the following signalization strategies does the through-bicycle movement follow? [Select one anc

Signalization Strategies:

Bicycle-Only Signa

¢ BicyCIe-OnIy Signal M Bicycle Signal design follows all MD MUTCD

Rurgance.

¢ BlkeS fO”OW PedeStrlan Slgnal N/A | NO TURN ON RED (MD MUTCO RL0-11) sign is

» Bikes follow Standard Traffic Signal -

N/a | BIKES USE PED SIGNAL sign (MD MUTCD R9-5) is
provided.

Note: For two-way bikeways, or contraflow bicycle PR [ RSP R T

considered, and determined infeasible. If so, pro-

movements, provide either a dedicated bicycle signal or vide explanation I comments)
sign to follow pedestrian signal gikes follow Standard Traffc Signs

M/ Bikeway operates cne-way only. Two-way
hlke-.'.a:, r-F aticns must use r-'u=r-r1r'|=-:rh-="v,-.:-
signalizs strategies or standard signal head
must be ins || tor the counterflow bicyclist.

M/A Standard signal head is visible from the bikeway

1.0 ol E QuUeUIng .*."I?."..-l-1-i_'!r- ine location
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Blcycle Only Signal

ERRIIRRRINR IR RN

» Beneficial to provide additional
bicycle crossing time vs.
following pedestrian signal

* Must comply with all MD
MUTCD guidance & FHWA
Interim Approvals

 Must include a No Turn on Red
Sign (MD MUTCD R10-11) for
approaches that conflict with the
bike movement

TOOLE
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FHWA Interim Approval

ERRIIRRRINR IR RN

Bike signal head application:

= (Can only be used without conflicting
vehicle turns

= (Cannot be used at Pedestrian Hybrid
Beacons (PHBs)

TOOLE
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Bikes Follow Pedestrian Signal

AR Y

* Pedestrian signal head is visible
from the bikeway queuing
area/stop line location

+ Bikes Use Ped Signal Sign (MD
MUTCD 9-5) should be provided

* Leading Pedestrian Interval
should be considered

TOOLE
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Blkes Follow Standard Traffic Slgnal

AN AT

* No dedicated bike signal or
adjacent pedestrian signal

* ONLY appropriate for one-
way bikeways

TOOLE
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Example 1: One-Way Bikeway

AN AR

Signal Phasing

Fill in the vehicle volume and lane data to determine if phase separation is recommended or required. Refe)

Traffic Volumes & Lane Data

Input the number of peak 1 02 Volume of peak hour right turning vehicles (across
hour vehicles per hour for bikeway)
each tum. 78 Volume of peak hour left turning vehicles (across
bikeway)

Input the number of lanes Number of travel lanes crossed by left-turning
crossed by left-turning 2 vehicles

vehicles,

Bikeway Phase Separation

Is phase separation M A
recommended based on
Figure X7

If phase separation is M/A
recommended, is phase
separation provided?

*Volumes are for illustrative purposes only

TOOLE
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Ex e 1: One-Way Bikeway

R R R R Y _

Hourly Volume Thresholds for Separate Turn Phases

Left Turn Crossing fjLeft Turn Crossing
One Oncoming Two Oncoming
Lane

2100

One-Way Separated Bike
Lane

Two-Way Separated Bike

Lane or Sidepath (‘3 f (P 4
>1000 ¥ g Tzm-‘.r* Vb

*Threshold also applies to left turns on one-way streets

DESIGN



Example 1: One-Way Bikeway

AN AR

Signal Phasing

Fill in the vehicle volume and lane data to determine if phase separation is recommended or required. Refe)

Traffic Volumes & Lane Data

Input the number of peak 1 02 Volume of peak hour right turning vehicles (across
hour vehicles per hour for bikeway)
each tum. 78 Volume of peak hour left turning vehicles (across
bikeway)
Input the number of lanes Number of travel lanes crossed by left-turning
crossed by left-turning 2 vehicles

vehicles,

Bikeway Phase Separation

Is phase separation M A
recommended based on yes
Figure X7

If phase separation is M/A
recommended, is phase
separation provided?

TOOLE
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Example 2: Two-Way Bikeway

AN AR

Signal Phasing

Fill in the vehicle volume and lane data to determine if phase separation is recommended or required. Refe)

Traffic Volumes & Lane Data

Input the number of peak 146 Volume of peak hour right turning vehicles (across
hour vehicles per hour for bikeway)
each tum. 23 Volume of peak hour left turning vehicles (across
bikeway)
Input the number of lanes Number of travel lanes crossed by left-turning
crossed by left-turning 1 vehicles

vehicles,

Bikeway Phase Separation

Is phase separation M A
recommended based on
Figure X7

If phase separation is M/A
recommended, is phase
separation provided?

TOOLE
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EXx e 2: Two-Way Bikeway

R R R R Y _

Hourly Volume Thresholds for Separate Turn Phases

Left Turn Crossingf Left Turn Crossing
One Oncoming Two Oncoming
Lane Lanes

250

W
Ll g

A
2 150* a)

One-Way Separated Bike
Lane

Two-Way Separated Bike

Lane or Sidepath 1p (P f

*Threshold also applies to left turns on one-way streets



Example 2: Two-Way Bikeway

AN AR

Signal Phasing

Fill in the vehicle volume and lane data to determine if phase separation is recommended or required. Refe)

Traffic Volumes & Lane Data

Input the number of peak 146 Volume of peak hour right turning vehicles (across
hour vehicles per hour for bikeway)
each tum. 23 Volume of peak hour left turning vehicles (across
bikeway)
Input the number of lanes Number of travel lanes crossed by left-turning
crossed by left-turning 1 vehicles

vehicles,

Bikeway Phase Separation

Is phase separation M A
recommended based on yes
Figure X7

If phase separation is M/A
recommended, is phase
separation provided?

TOOLE
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Questions?

Y

Thank you!

Jeremy Chrzan, PE, PTOE, LEED AP
Megan McCarty Graham, PE
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