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Chapter 1 — Introduction

1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8

Design Imperative for Bicycle Facilities

Purpose

Design Flexibility

Use of Values in the Guide

Scope

Relationship to other Design Guides and Manuals
Structure of this Guide

Definitions



Section 1.6 - Relationship to Other Manuals

e ey et v

SEPARATED BIKE LANE

A GUIDE FOR ACCOMMODATING
PEDESTRIANS WITH VISION DISABILITIES

FHWA Separated Bike FHWA Achieving glr-]IWAdAé:tces?ible

Lane Planning and Multimodal Networks ared Steets

Design Guide September 2017
August 2016

May 2015

DESIGN

MEASURING
MULTIMODAL
NETWORK
CONNECTIVITY

e

—— e

FHWA Measuring
Multimodal Network
Connectivity

February 2018



1.6.1. Manual on Uniform Traffic Control
Devices for Streets and Highways (MUTCD)

| | o _ Manual on
MUTCD defines design and application of traffic Uniform Traffic

control devices (TCDs). “\ 2\ Control Devices
Ty for Streets and Highways

2024 Bike Guide conforms to 2023 MUTCD ‘, b, 11th Edition

Includes some TCDs that require experimental
approval by FHWA (located at the end of their
respective section)

AASHTO expands upon the application of TCDs

TOOLE December 2023
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Chapter 2 - Bicycle Operation and Safety

2.1. Introduction

2.2 Safety of Bikeways and Shared Lanes

2.3. Bicyclist Design User Profiles

2.4. Bicyclist Safety and Performance Characteristics
2.5. Design Vehicle and Bicyclist Operating Criteria
2.6. Operating Principles for Bicyclists

2.7. Guiding Principles for Bicyclist Safety



2.2.1. Relationship between Perceived
Comfort and Substantive Safety

Research has found a significant relationship between
= how safe and comfortable people feel bicycling,
= whether and how often they bicycle,

= preferences for facility types, and the provision of those facilities.

TOOLE
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2.2.1. Relationship between Perceived Comfort and
Substantive Safety

AN

Crashes and near-
crash experiences
iInfluence perceived
bicycling safety and
comfort

(Lee et al., 2015; Sanders, 2015; Aldred & Crossweller,
2015)

! ' )
\ ’
-
-
5 .-

U= Bike Lane | #=2 igl Sidewalk
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Comfort Increases with Separation

Shared-Use Side Separated Bike Buffered Bike Lane Shoulder Shared
Path Path Lane Bike Lane Lane

TOOLE

DESIGN



2.3. Bicyclist Design User Profiles

A iy

TOOLE

DESIGN

Design User
Profile

Bicycling
Preferences

Percent
of Population

Non-Bicyclist

Uncomfortable bicycling in
any condition, have no
interest in bicycling, or are
physically unable to
bicycle.

31-37%

Comfort Typology of Bicyclists

Interested

but Concerned

Often not comfortable
with bike lanes: may bike
on sidewalks even if bike
lanes are provided. Prefer
off-street or separate
bicycle facilities or quiet
or traffic-calmed
residential roads. May not
bike at all if bicycle
facilities do not mest
needs for perceived
comfort.

51-56%

Somewhat
Confident

Generally prefer more
separated facilities, but
comibertable riding in
bicycle lanes or on paved
shoulders if need be.

5-9%

c e

G &

High
Siress
Tolerance

Highly
Confident
Comfortable riding with

traffic; will use roads
without bike lanes,

4=7%

Figure 2-2: Comnfort Typolegy of Bicyclists (See Chapter 2 References; Dill and McNeill, 20158)

¢ 18




Chapter 3: Bicycle Planning

3.1 Introduction

3.2 Bicycle Planning Principles

3.3 Primary Considerations for Bicycle Planning

3.4 Planning For Desired Outcomes

3.5 Deciding Where Improvements Are Needed

3.6 Integrating Bicycle Facilities with Transit (First- and Last-Mile Connections)
3.7 Bike Parking and End of Trip Support

3.8 Types of Transportation Planning Processes

3.9 Technical Analysis Tools That Support Bicycle Planning

3.10 Public Input



Bicycle Planning Principles

AN

3.2.1. Safety — reduce frequency and severity of crashes by
separating bicyclists from higher speed and volumes of motorists

3.2.2. Comfort — do not deter use due to safety concerns

3.2.3. Connectivity — direct, complete
and continuous

3.2.4. Leqgibility — easy to recognize
and intuitive to use

1-0 o L E Improved Bicycle Connectivity Improved Bicycle Connectivity

within poorly connected road network within well connected road network
DESIGN Figure 3-1: Exarmples ol Contrasting Connectivity



3.9.2. Quality of Service and Bicycle Level of

Service Tools
Levels of Traffic Stress (LT5) o

Presenting hittle traffic stress and demanding litle attentson from cychists,

3.9.2.2 Level of Traffic Stress mwm o ey o k. i s it o

links, cyclisls ane either physically np:r-.iedl'mmu:lﬂ‘i: oF are in an
L _ . 2 el e P oo i L S L
objective and quantitative method of classifying occasonal molor yehces (35 opposed fo sreamof affc) w3 low
have ample operating space outside the zone inlo which car dooms ane

road segments and bikeway networks based on opened. Inkersectons are easy 1o approach and cross
hOW Comfortable b|CyCI|StS Flgure 2.3 Exnrnple of Bicycle Masier Plan Recommendanons Mag™ m“h m‘m’ﬂ1mﬁmﬁé?mm€m

Bicycle Network Vision with Key children. On links, cychsts ane edber plnwsically separated from traffic,
Destinations or are in an exclusive bicycling 2one next to a well-confined traffic
stream with adequate clearance from a i) L, oF are ona
shared road where they interact with aocasional motor wehicles
(a5 opposed fo 2 stream of traffic) with a low speed differential,
Where a bike lane hes between a theough lane and a mght-tum lane,
it 5 confgured to unarmngucaes pronty wheane molor
vehnlasummm re and o keep speeds in the nght-tum lane

comparable lo bicyding speeds. Crossings ane nol difficult for most

LTS 2

More traffic siress than LTS 2, vel markedly less than the siress of
mitegrabing with madtdane trafic, and themefore welcome to many
people currently nding bikes in Amenican abes, Offening cyclisis either
LTS3 | anexclusive bikeway naxt to moderate-speed traffic or shared lanes
o sbreaks Bhal ane nol multkane and have b sapeisincd,
Crossing be or across h speed roads than allowed
LTS?_M”:]IIImn xwpﬁﬂgwﬂebnwmw "

TOOLE
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A beved of stress beyond LTS 3. Beeyclist mix with molor vehicle traffie.

LRy Genarally uncomfortable for most adults,




Chapter 4 - Guidance for Choosing a
Bikeway Type

4.1 Introduction

4.2 Project Performance Goals and Objectives

4.3 Selecting the Preferred Bikeway Type

4.4 Strategies to Achieve the Preferred (or Next Best) Design

4.5 Evaluating Design Alternatives and Trade-offs to Select a Bikeway



Section 4.3.1 — Streets In Urban, Suburban and Rural
Town Contexts

AN Y

ldentifies the preferred bikeway o

type assuming: B orShared se path
<
o K . .

Design User = Interested but I
E (Buffer Pref.)

Concerned bicyclist

a5
[ T —

Ll ™
=
Analysis = Level of Traffic Stress ] | Sharsdlang i
:O} i« Boulevard
u I
Too LE MILES PER HOUR

DESIGN



Figure &4-2: Preferred Paved Shoulder Widths for Rural
Hoadways to Accommaodate Highly Confident or Somew hat
Confident Bicyclists

20k+

Section 4.3.2 — Rural Roadways
AN Y

Identifies the preferred shoulder .
width assuming: "
3
Design User = Confident bicyclist i g
% 1.5k
Analysis = Bicycle LOS DK
5 500 it
} Lanes

=25 30 35 40 45 =0 55 60+

TOOLE SPEED MILES PER HOUR

DESIGN




4.4.2. Example Strategies for
Constrained Rights-of-Way

A T HHHHHHiy

4.4.2.1 Traffic Analysis Approach

4.4.2.2 Narrowing Travel Lanes

4.4.2.3 Removing Travel Lanes

4.4.2.4 Reorganizing Street Space

4.4.2.5 Making Changes to On-Street Parking
4.4.2.6 Reducing Bikeway Widths

4.4.2.7 Reducing Motor Vehicle Traffic Volumes and
Speeds

4.5.2. Example of Trade-off Considerations Between
Common Bikeway Types

TOOLE

DESIGN
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Figure 4-3: Common Bikeway Dptions within a 48-11 Cress Section




4.5.3. Selecting the Next Best Facility When
the Preferred Bikeway Is Not Feasible

T
Alternative Route bike boulevard

If no other design improvements are feasible, it is
necessary to consider alternative parallel routes.

Research indicates that for an alternative low-
stress route to be viable, the increase in trip
length should be less than 30 percent.

Broach, J., Dill, J., and J., Gliebe. Where Do Cyclists Ride? A Route
Choice Model Developed with Revealed Preference GPS Data

I Preferred Bikeway mmmm—= Next Best Bikeway

TOOLE
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Chapter 5 — Elements of Design

5.1 Introduction

5.2 Design User

5.3 Design Speed

5.4 Understanding Assignment of Right of Way
5.5 Sight Distance

5.6 Surface and Geometric Design Elements
5.7 Characteristics of Intersections

5.8 Intersection Design Objectives

5.9 Evaluating Bicycle and Pedestrian Roadway
Crossings

5.10 Geometric Design Treatments to Improve
Intersection Safety

5.11 Warning and Regulatory Traffic Control Devices
5.12 Pavement Markings
5.13 Bicycle Travel Near Rail Lines

5.14 Other Design Features



§ Yield/
Section 5.4 — Understanding S| stop
Assighnment of Right of Way £ Zone
AN -
All street users need opportunity for Mutual ST T .- ;
Identification because: < . I | l
= D Decision
= Motorists & bicyclists must yield to S o F5iis
pedestrians in crosswalks O o
= Pedestrians cannot suddenly leave the curb S '; ---------------------------
if vehicles too close to stop 3 o
| - : 5| R ition
= Motorists must exercise due care to avoid & 9 ecogni
colliding with bicyclists/peds <s Zone
)

The approach to a conflict point is composed of
three zones.

TOOLE
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5.5.2. Stopping Sight Distance

AN Y

Tables provided for:

= Unexpected Conflict, 2.5 second PRT
= Expected Conflict, 1.5 second PRT

TOOLE

DESIGN

Tatde 5-1: Minimum Bicyclal Stapping Saght Diilesce vi, Drades fer Vanisus Deign Spesdi— 1. 5-5esond Beicbon Tess

Stopping Sight Distance (ft) Based on Speed and Grade for &
2. 0-Becond P‘EEEEIZIHI'JI'I-H-EEE“DI'I Time

Gracls (Positive indicates ascending]

(M} TS e R O IO | o | 2% | an | ew | o | 1om
10 . 5 | o1 | 58 | = | s | sz | st | 50
% 4 | 60 | 66 | g3 | & | sa | s | 58
12 B4 ] 4 M ] G| e | @
15 . 20 |18 | 108 |02 | or | o3 | #0 | 8e | e
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20 X6 | M0 Jr 185 160 157 144 140 134 120

. 440 ' 353 ux) Fi i I S0 (3] 187 |

bl &1 454 41 k] A | B | 2 L1l

Hole. Caloeigbons e assamed under Wil condibons

Table b3 Minimum Bicyclisl Stapping Seght Distance ve. Grades for Vareus Design Spesds— 1.5 Secord Peactun Time

Stopping Sight Distance (ft) Based on Speed and Grade for a
1.5-8econd Perception-Reaction Time

Grade (Positive indicates ascending]

e
B o e | ew | e % | o | o | o | e% | e | 10%
0% ] | 5o | 46 | 4 | 41 | 38 | 3t | % |
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5.5.4.1 Sight Distance and Approach Clear Space for Bikeways
at Roadway Intersections

A TR

= Turning Motorist Yields to (or Stops for) Through Bicyclists:
When a through moving bicyclist that arrives or will arrive at the crossing prior
to a turning motorist, the motorist must stop or yield.

= Through Bicyclist Yields to (or Stops for) Turning Motorist:
When a turning motorist arrives or will arrive at the crossing prior to a through
moving bicyclist, the bicyclist must stop or yield.

= User with Right-of-Way Yields to (or Stops for) Another User: Sometimes
the user with the right-of-way will instead yield the right-of-way.

= APPROACH CLEAR SPACE ALLOWS THIS TO FUNCTION!

TOOLE
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5.5.4.1.1 Case S — Right-Turning Motorist
Across Separated Bike Lane or Side Path

................................. - . ...
|- nh
§ ; - =
a Yield/ m =
Tabla 5-4&: Recommended Intersection Appreach Clear Space by Vehicular Turning Design Speed ‘g Stop - -
Zone
Effective Vehicle | Vehicular Turning | Recommended Approach 'E ‘
Turning Radius Speed Clear Space .
<18 ft <10 mph* 20 f = I I I
181 10 mph 40 g 2| Decision
m
2 2 Zone
25t 15 mph 50 ft O w
- - S| . B - B .......
30 ft 20 mph 60 ft = 3
n o “
>30 ft 25 mph 70 ft g8 > | Recognition
- % 3 Zone 0%
&l low-volume diverways and alleys M g.
w

v line of sight B N ) B .

TOOLE
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5.5.4.1.3 Case Ul — Through Motorist Crossing of
a Separated Bike Lane or Shared Use Path

AN

11111001011 at a minimum the provision of
stopping sight distance for
bicyclists (Section 5.5.2)
should be provided to allow a
bicyclist to slow or stop if a
vehicle encroaches into the
— separated bike lane or side
path

" Casa L1
saght nangies

Figure 5-3; Inbersection Sight Distance: Case U

TOOLE
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7.9.5 Case Ul — Multistep Variant

AN
11111111 ~ Chapter 7 sight distance
E ] Driver looks for pedestrians,
— — then moves forward
« Driver looks for bicyclists,
. then moves forward

« Driver looks for other
motorists, then proceeds

Case U1 BASHTO Green Book Case B
I sight tiangies sight rianghes

TOOLE
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5.5.4.1.3.3 U3 — Mid-Block Shared Use Path
Crossing of an Uncontrolled Roadway

Takls 58 Lengih of Path and Roadway Saght Trisngle for Unconbrelled Crossings: Cae LD

Length of Path and Roadway Sight Triangle (i) - Case U3

Roadway Spaad (mph)

10 L i 128 = 160 192 £ 2ab
58 50 &3 &8 4
11 a¥ 124 L[=F T 224 2ha
o 85 69 75 82 80
2 | 13| 164 97 %0 262
0 70| 18 02 Bo o7
1% 105 140 174 e 244 27
a7 88 ™ 102 1" 122
18 e 150 187 25 a6z K]
105 106 13 122 (& 146
| 18 157 197 2% 2775 _] 315
16 "y 125 136 140 162
133 14 2 i m A5t
25 145 a7 156 70 188 | 203
148 ] ) 245 g e : aag
N 174 178 188 04 223 244
= ﬂ & = sight destance (1) slong roadway
Figure 5.5 Sight Triangle for Uncontrolled Mid-Block Path Crossing of an Uncontrolied Roadway: Case U3 I Befomcn S TG pof

Assumplions: Bicycle reaction time = 1.5 seconds
Width ol pait = 10 ft g0 11 11
Windih ol rosd lane = 1T 12/
Length af bicycle = & i
Length of mobar vobecle = 1B #
(Grada = —2 parcand io +2 percent

TOOLE

DESIGN



5.5.4.3 Sight Distance at Horizontal Curves

Tt [ 1 Hariprnil gl (afem Leth-Lip Fabie [} Hor et foghiime Suet for Hora weisl Gurrrs Egusion
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t6 | 27 | 59 [10e| 0|28 204|288 aa|srs| w2 e r
- 5 g night dndares i1
toa| | as|rofwaa|ms|as|sns|are]ien|salens|nssnofwe e - :
5 - R s | i of Ororine of W (T
128 36 (a3 | e | e vme | 267|300 |70 | e5a |5 enT | P08 | TET ]| O
adoal; ]
188 ln 53 | s 1uiuu ;m[:u 13| ma ualan a0 7| ea e | o | Morzontnl sonsns o, detance ime
il 3 Cariarire ol B i SErETUOmN (1
178 Fil 44 1 W7 8|60 224 :l.rﬂi'l"'. J60 N AN | EDS 1
=) = Fama Jorvis @ mipramsad @ oacre

me| | |ao]ax]an]me]me|we|as|ms|sen|an]arofar
e |25 [ o8 [ no on|ow e |mel |0y iws a2s]e
62 f 1z | s r:lw l:rfmr 7| zne zual:.u :lulq.r
- 2o | as|as | me | vne|we|mol2r|2e 02| aelme
Erey [ 27 |.u |n||1 maim, Wi | e :r:nlzn :11ia-u
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Figure 5-10: Diagram lllustrating Comgenents for Determining Horizontal Sightline Offwet i
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5.8. Intersection Design Objectives
AN Y

5.8.1. Minimize Exposure to Conflicts O ComentonsiBieLios s
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 Disabilities

Separated Bilks Lanes of Shared Use () Frotected intersections*
Paths. through Roundabouts

* Ledt burn conflicts not depicted for two-stage bicyclist leff tums

Legend
—— bicycle travel path

TOOLE =

Figure 513 Comparison of Bicyclist Exposure 1o Mobtor Vehiclas a1 inearsecbons



5.9.2. Evaluations of Uncontrolled Roadway
Approaches to Bicycle Crossings

Motorist Yielding Behavior at Uncontrolled Approaches to Crossings

5.9.2.1 Factors That Impact o
Motorist Yielding Rates "
-
5.9.2.2.1 Recommended =
Crossing Opportunities =l . ST
" : __ > B w
Table 514: Recomme rded Minimum Range of Hourly Crossing Opportunities - . - Jm-n El—
Major Street Crossings pric ?&“f%
Recommended =120 e o B e e B
Practical Minimum 60 to <120 ;Emm ! m:—; Tl’i:..“i.ﬂ

— Thied quarte A heasa o anes ineach dineclion
— Mndan valie

.
TOOLE e

DE S | G N Figuri 5-14: Molorisl Yeeldeng ab Uncaningllsd Crossings Based on Roacwly Characiersiics



5.9.2.3 Apply Countermeasures to Improve Yielding

A TR

Tier 1: Signing & Markings

Tier 2: RRFB & Geometric
Improvements

Tier 3: PHB, Signal, or
Grade Separation

TOOLE

DESIGN

Table 5-15: Uncontrolled Crossing Evaluation

Uncontrolled Crossing Countermeasure Evaluation Table

Vehicle ADT Vehicle ADT Vehicle ADT Vehicle ADT
Roadway T':,rpu = 8 000 9 000 - 12,000 12,000 - 15,000 = 15,000

Speed Limit (mph)

Mumber of Travel
Lanes and Median

Type 30 | 35 |40z | =30 35 | 402 | =30
? Lanes" i i 2 1 i 2
n:LeL::ﬁ:;E:- ' N RN
I B
AN B
cime | (S

Holes
vnere the speed Imil excesds 40 mph, Teer 3 should e considered

*1 lane i eaddh drection

* Raised medans musl = of east G wide o serve pededlrians. See Figure 2.4 o different oyde Bagis 10 sene boydcls
WWhene median wic ts less than these vaiues, ieview category of 4+ [anes wilhout raised median

¥ 2 lanes i each Gineclion




Section 5.10 — Geometric Design Treatments to Improve
Intersection Safety

AN

5.10.1 Medians and Pedestrian Refuge
Islands; Hardened Centerlines

5.10.2 Curb Extensions

5.10.3 Curb Radius

5.10.4 Mountable Truck Aprons
5.10.5 Raised Crossings

5.10.6 Multiple Threat Crossing Treatments
5.10.7 Bike Ramps

5.10.8 Directional Indicators

Figure 5-18: Mountable Truck Apron

TOOLE
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Section 5.10 — Geometric Design Treatments to Improve
Intersection Safety

AN

5.10.1 Medians and Pedestrian Refuge
Islands:; Hardened Centerlines

5.10.2 Curb Extensions
5.10.3 Curb Radius
5.10.4 Mountable Truck Aprons

5.10.5 Raised Crossings
5.10.6 Multiple Threat Crossing Treatments
5.10.7 Bike Ramps

Mote; Directional indicators

5.10.8 Directional Indicators T i o e

recommendations for
implementation,

Figure 5-20: Raised Side Streel Crossing

TOOLE
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Section 5.10 — Geometric Design
Treatments to Improve Intersection
Safety

AN sidewalk or sidepath

5.10.1 Medians and Pedestrian Refuge Islands;
Hardened Centerlines

5.10.2 Curb Extensions

5.10.3 Curb Radius

5.10.4 Mountable Truck Aprons
5.10.5 Raised Crossings

5.10.6 Multiple Threat Crossing Treatments
5.10.7 Bike Ramps
5.10.8 Directional Indicators

TOOLE
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5.10.8 Directional Indicators

Per ISO 23599 the width of the directional

indicator (DI) can vary based on use: e i ﬂﬂmﬁmﬁ
. If perpendicular to the pedestrian pedestrian crossing sidewalk-level
path of travel (for example to direct a 2 separated bike lane v

pedestrian towards a mid-block
crossing or transit stop), it must be a
minimum width of 2 ft to be
detectable.

. If parallel to the pedestrian path of
travel, it can be as narrow as 1 ft.

. At some locations (such as near
intersections) pedestrian paths may
interact with directional indicators

EEd |
++¥ﬂ|+-f-ll|-w-|-|-'|--r':!
.

both parallel and perpendicular, and
in these situations the wider width
should be used. Mote: Directional indicators
are an emerging treatment,
See Section 5.10.8 for
recommendaticns for
implementation,

|
1 oo LE Figure 5-24: Sidewalk-Level Separated Bike Lane with Directional Indicator

DESIGN



5.11.5. Turning Vehicles Yield to
Pedestrians/Bicyclists Signs

AN N NN
. ] ] .I..I'I.rlEHHE-mItI.E_!-'FELD 'FE! tor STOP I'?EHH:':‘EILII!.TS L] F.':EIE!-THH.HE# sign (R10-1% :-frl-n:ll.ul U a
The use of the sign should be limited to the S AN SRR AR Y i £ 118 S o chH L AL R
following:
. . . TURNING TURNING
= Crossings where turning motor vehicle VEHICLES e
- MUST
volumes exceed 50 vehicles/hour. s ol
= | ocations where there is a documented AND BICYCLES AN BICYCLES
problem with motorists failing to yield. . |
; ) ) . . TURNING TURNING
= Locations with inadequate sight lines and ———— [UEHICIES YEHICLES
other mitigations are not feasible. P e o)D)
. . . . 0
= New installations of left side bicycle lanes or v X
two-way bikeways where counterflow bicycle e —
travel may be unexpected. S i e L it e

DESIGN



5.12 Pavement Markings

AN

5.12.7.2 Bicycle Crossings with 5.12.9. Two-Stage Bicycle Turn Box
Parallel Pedestrian Crossings |

F i

TOOLE

DESIGN

R10-11b
(typ)



Chapter 6 — Shared Use Paths

6.1 Introduction

6.2 Shared Use Path Users

6.3 Side Path Considerations

6.4 Path Width Considerations

6.5 Design Speed

6.6 General Design Considerations

6.7 Shared Use Path Intersections and Transitions

6.8 Design Considerations to Promote Personal Security
6.9 Shared Use Path Entrance and Wayside Amenities



Chapter 6
SUP Width (Two-way)

6.4.3. Recommended Shared Use Path Widths

Table &-3: Recommended Shared Use Path Widths*® 1o Achieve SUP LOS “C°

Shared Use Path Operating Widths and Operational Lanes®

SUPLOS “C" | Recommended

Practical Recommended | Recommended Practical
Peak Hour Operational s
Vol e Minirmurm Lower Limit Upper Limit Maximum
150 to 300 2 B ft 101t 12t | 131t
300 to S00 3 | 111t 121t 151t | 16 ft
S00 to =600 “ 15t 16f 20 ft i Mone

*Typical Mode Split is 35% adult bicyclists, 20% pedestrians, 10% runners, 10% in-line skaters, and
5% child bicyclists

11’ wide provides three (3) operational lanes

TOOLE
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Table &-2: Shared Use Path Level of Service Look-Up Table, Typical Mode Split

6 4 2 ) Sh ared US = Pat h Level Of Shared Use Path Level of Service Look-Up Table,

Typical Mode Split*

Service

Shared Use Shared Use Path Width (ft)
A Path Peak Hour
Volume 18 | 20 ]
Table &-1: Shared Use Path Operaling Conditions Basad on Level ol Service Criferia :
50 B|B| B|B|B|A]|A|A]A] A
Shared Use Path Level of Service (SUPLOS)
and Operating Conditions i - Il fed Rl B B S, B3
150 e B |B|B|lA|B|A|A]|A
SUPLOS Peak Operating Conditions 200 clBElBlA|lB|lAlAlA
300 c|lc|lCc| B |B|B|B| A
A Excellent A significant ability to absork more users across all modes is available. 400 clelels|6]a
00 CICcC|IClCL A
B. Good A moderate ability o absorb more users across all modes is available ;
GO0 ClC]|A
C. Fair Path is close 1o functional capacity with minimal ability to absorb more | 800 A
users 1.000 A
0 p Fath is at its Tunchonal capacity, Additional usars will creale opearational 21,200 A
il and safely problems
E_Very Poor Path operating beyond its functional capacity resulting in conflicts and “Agsumplions
peopde avoiding the path 1. Mode spiil is 55 percent adull Dicydists. 20 percent pedesinans, 10 percent nanmers,
| 10 percent in-line skaters, and 5 percent child bicycists
F. Failing Path operating bayond fur'!muun-al capacity resulting in significant 2. Anequal number of trail users travel in each direction {the model uses a

A Trad wolurme represents the actual number of users counted in the Hekd (e model
adjprsls this wolume based on a peak howr fBctor of 0.85)

o
1 o o L E 4 Trad has a cendering

DESIGN



6.4.4. Separation of Pedestrians

and Bicyclists
AN T T T Hhhity

6.4.4.1 Land Use Considerations Where
Separation is Desirable

6.4.4.2 Volume Thresholds Where Separation is
Desirable

Should be considered when:

= | evel of Service is projected to be at or
below level “C.”

» Pedestrians can reasonably be anticipated
to be 30% or more of the volume

6.4.4.3 Separation Strategies
6.4.4.4 Accessibility Considerations

TOOLE

DESIGN Figure &-4: Options for Separating Bicyclists and Othar
Whesled Uisard from Padadiriss




6.6. General Design Considerations

Table -5 Minimum Radii for Horizontad Curves a1 20-Degree Lean Angles

6.6.1. Shy Distance, Clearances, and 6.6.3. Horizontal Alignment
Shoulders Es':_fg Minimum Radii (ft) for Horizontal

imph) Curves at 20-Degree Lean Angles

8
u 10 18
12 27

sign

B0 1t praf, 1 1
Lok i 6.6.4. Vertical Alignment H =
Wit
Elmarancs
‘;‘:w" Table &7 Length of Crew! Vertcal Curve to Provide Sight Distance Equatigns 16 4T
By 2afe Length of Crest Vertical Curve to Provide
VoL 3|3ﬂ ht Equations 18 B
200{ |
=) 20 74
TV s 1 s
Lo kg o as Uy
=5 width varies =5h 25 ns
ahaiboe paih thisadeles
Fignire d-%: Sholders and Shy Dislarce on Seared Use Paths n | ] ki st cave ik 30 166
. = L | yaral L ¥ L LN
A | s algebias grade dflsrenie (peicenl)
L = | slopping sighl distance for flad gradeo (7 )°

e Raglil (353 B dod & Bypical

1.°°I E | returmben iyt
(] = pbjoct howgha {010

DESIGN "Soe Laties & 7 and




6.7. Shared Use Path Intersections and
Transitions

i@

o o &
o A

Hote. See Secton 5 0 for right-ol-way avsignimest geidance

@ ek markngs legally esiabing

ook peslestran ossng
B gt caten e ML CTD Tibia 704 @ lenghoanes see MUTCT Tobie 20-3
B cptons aheyy Faorgi B ophoral maduny markng
0 shored iae pod neniering o nooded ) soredame palb cenlerng i nevded
il whaeE
i A il ey g @ cpinnal patway makings ned sgpage
@ codors advanca vrirurg wgen. e b B ophoral advance waming sigra, e sgns
i recomTrenaed whete vty Io poysng e recormnended where vty In crosang
) fwrdeg i et

DESIGN Figarsds L1 Sl i Pt Sooge i Tombils Fgars i-1k: Basd Slops



Chapter 7 — Separated Bike Lanes
and Side Paths

7.1 Introduction

7.2 General Design Considerations

7.3 Bike Lane Zone

7.4 Street Buffer Zone

7.5 Sidewalk Buffer Zone

7.6 Consideration for Zone Widths in Constrained Locations
7.7 Utility Considerations

7.8 Landscaping Considerations

7.9 Separated Bikeway and Side Path Intersection Design
7.10 Transitions Between Facilities

7.11 Raised Bike Lanes



7.2. General Design Considerations

The cross section of a separated bike lane comprises three distinct zones (see Figure 7-1):

o Bike lane—The bike lane is the space in which the bicyclist operates. It is located between the street buffer
and the sidewalk buffer.

@) Street buffer—The street buffer separates the bike lane or side path from motor vehicle traffic.

© Sidewalk buffer—The sidewalk buffer separates the bike lane from the sidewalk.

Sidewalk
Sidewalk Buffer Bike Lane Street Buffer Parking Lane Travel Lane

Figure 7-1: Separated Bike Lane Zones

TOOLE
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7.2.2.3 Intermediate-Level Separated Bike
Lanes

AN

curb reveal of 2-3 in. below
sidewalk elevation is
recommended to”

= provide vertical separation to
the adjacent sidewalk, and

= provide a detectable edge for
pedestrians with vision

disabilities
Gin. 0&m i
— ! g 3 LLY
RS =" |2-8in Mm_j}‘< ——
a5m | a5m fim 1 !
u'ch:.-i slaping mountabie [see Section T.3.2) [see Section 7.3.2)
curb curb curb
Figets 2% Curk Typesfor Juparaied B Laosw Figure 7-4: Intermediate-Level Separated Bike Lane

TOOLE
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Section 7.3.4 — SBL Width
(One-way)

A TR

Table 7-3: One-Way Separated Bike Lane Widths Based on Existing or Anticipated Yolumes

One-Way Separated Bike Lane Width (ft)
Recommended Values

Peak Hour
Directional Between Sloped
Bicyclist Volume Between Adjacent to
without Gutter Curhb to Cur'h with Gutter
<150 6.5-8.5 68 5.5-7.5
150=-750 B.5-10 8-0.5 7.5-0
=750 =10 =05 20
F"ra_ctll:ali 45 4 p
Minimum

*Peak Hour Directional Bicyclist Volume not applicable

TOOLE

DESIGN

| shy distanc [Tp)
| sal Table 25 & Section 2.5.3.2

e o
£ et ]

Doty Teparaied Biks Lans Aafjasnsi by Qe Veruul
Curt afed 4 Paivied Buffer with Plealbs Delinaaier Pesit

| shy distance ftyp)
| W Tabile 3-8 & Saction 1432
[. ===
DiEm lane widtfy
i Tl Eragh 4

Cne-Fay Seporaied Bl Lane Lgscend Io Dne
Wariaial Carh mothy Garier and 3 Taneele Blarris

| shy distance (typh
i ole 2-5 % Sasten 3.5.0.2

A
=1 I -

Tk e L waddih,
e gh

Figisre 7-7; Spparsted Bike L ars Width



/.7.1. Drainage and Stormwater Management

iisrTEakals i Hred e e o e bl

— (el Fow

i vk

Figure 711 [xamples ol Sepor sied [iks Lane franage Opliora
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\ ﬁ;‘g_’{ S R o 57
- % ‘(,
i

Infitration bed infiftration small catch curb openings
Figure 7-10: Green Stormwater Infrastructure in an Urban Street Context




7.9. Separated Bike Lane and Side Path
Intersection Design

AN

7.9.1. Minimizing Exposure
to Conflicts

7.9.2. Reducing Speeds at
Conflict Points

7.9.3. Transitions between
Elevations

7.9.4. Right-of-Way Priority
7.9.5. Sight Distance

7.9.6. Restricting Motor
Vehicles

) come i € pedestnan crossieg of e separied b lno
€ torwaed bicycks queung ama O podestrian curh rafrp

€ rictonl peld Fone B bicycle crossng of ravel kanes

) pedestrian refuge rand ) pedesinan crossing of travel lanas

1.00 LE Figure 71 Protected intarsection Design for Separated BRe Lanes and Side Paths

DESIGN



7.9.7.1 Corner
Island

Benefits:
« forward bicycle queuing area

e space for turning vehicles to wait

Figure 7-15: Corner island with Flexible Delineator Posts (Source: Carl Sundstrom, PE, Office of Bicycle
and Pedestrian Programs, New York City Department of Transportation)

e reduces crossing distances

* reduces motorist turning speeds

* can reduce bicyclist speeds by _ .

adding deflection to the bike lane “I I = [

or side path |I

TOOLE R

DESIGN




7.9.9. Intersection Design with Mixing Zones

AN

Reduce speeds of motor vehicles entering the merge point
to 20 mph or less:

Minimize the length of the merge area

Locate the merge point as close as practical to the
intersection.

Minimize the length of the storage portion of the turn
lane.

Provide a buffer and physical separation (e.g., flexible
delineator posts) from the adjacent through lane after the
merge area, if feasible.

Highlight the conflict area with a green-colored pavement
and dotted bike lane markings (see Figure 7-20), as
necessary, or shared lane markings (see Figure 7-21).

Raise the elevation of the turn lane at the start of the
mixing zone.

TOOLE

DESIGN

LHEELIRERTI
[~

| 25 it min

60 ft
TN g Ered

L= W50
S Takile 514

Figure 7-2i0 Angled Crossing Misesy Iome wilh Bla Lane

f/’

G0t
imiry

——| =
N A

. ]
i it

Figure 1-21: Angled Cressing Mining Yora wilh Shated Lane



7.9.12.1 Accessible Motor Vehicle Parking

sessible Dn-Sireel Motor Vehicle Parking at [nlersections

(0T s

green-colore(i pavement (preferable)

TOOLE
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CT - ] i
¢ — T =
\ \ A
oy | SR ity st e e
space a able 7.
o Il:::lhm alighting area down

Figure 7-24: Example Configuration: Floating Transit Stop (Mid-Block)

Figate 7-31: Example Conligurations: Fiaafing Tranad Sop INpar-Sidel

TOOLE
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7.10. Transitions between Facilities

In general, it is preferable &
BAT USE

for a transition from a POLL LAt

separated bike lane to a / e

standard bicycle lane or

shared lane to occur on the i
far side of the intersection. L
B Taibdy =43
I optons beoatape
bicycie torm box
Mim
£
1 5
1.0 o L E l H:h Figure 7-35: Transitsan from One-Way to Tewo-Way Separated Bike Lanes o Pretected Intarsectson
Figure 7-32; Transitien 1o Shared Lane

DESIGN



7.11. Raised Bike Lanes

Table 7-5: Raised Bike Lahe Widiks

Ralsed Blke Lane Widths

Practical Aecommended | Recommanded Prachical

e s Minimum ()} | Lower Limit (it) | Upper Limit (/)" | Maximum (f)”

Irtarmadiale beval oF
sidewalk level raised 5 8.5 8 b L]
biks lans'

"Reaisand bike kane wicihe ane socluseasn of the guiter unless tha guiter i mdograted ino e full wadthes of the Bilor lane
*Separatod bike Ene with & Sireet bufler may be prederadbio b o curb-attached, wide mised bike ang

eplion i

g corirasing eoloced

T toirest I tapaanal) et [opbonad)
Intermediate.-Level Bike Lane Sidevwalk-Level Bike Lans
il el Lavves] Blios Lama
Modz: Daredlonad rdscalons
a0 B i ging inatment. —
Bew Bection B 158 for
recommandaticnn o
v e LA S
! - RAISED | rraue
TOOLE LI
: Figeare T-3%: Inkermadiate-Level and Sidewalk-Lavel Raised Bis Lanes

DESIGN Figure 7-60: Raised Bike Lane Transitions at Intersec tions



Chapter 8 — Bicycle Boulevard Planning and
Design

8.1 Introduction

8.2 Bicycle Boulevard Principles

8.3 Bicycle Boulevard Minimum Design Elements

8.4 Traffic Calming Strategies (Speed Management)
8.5 Traffic Diversion Strategies (Volume Management)
8.6 Traffic Control for Minor Street Crossings

8.7 Traffic Control for Major Street Crossings




Section 8.2 — Bicycle Boulevard Principles

AN
Bicycle Boulevards are not just signed ot s L
bike routes.

Hourly Traffic Daily Traffic

Principles that set them apart from local Volume Volume
streets include:

Speed

) ] Preferred 50 vehicles/hr 1,000 ADT 15 mph
= 8.2.1. Manage motorized through traffic
volumes and speeds Acceptable | 75vehicleshr | 2,000 ADT 20 mph
= 8.2.2. Prioritize right-of-way at local street
crossin gs Maximum 100 vehicles/hr 3,000 ADT 25 mph
= 8.2.3. Provide safe and convenient crossings
at major streets Major Street Crossings

(opportunities per hour)

Preferred 120

TOOLE Minimum 60

DESIGN




8.4. Traffic Calming Strategies
(speed management)

Figure 8-5: Example of a Chicane Treatment on a Two-Way Figure 8-6: Example of a Chicane Treatment Created by
Street Created by a Median and Curb Extensions Alternating Parking from One Side of the Street to the Other

TOOLE

DESIGN



8.5. Traffic Calming Strategies
(volume management)

T [ oLl e

g

“Median opening widths
restammended
0.5 e Seclion
£.10.1.1 for furiher

gusdance

Figurs B-12 Taserpls of & Hadias e o Crasls 5 Disgeral Dvsnrter al Inlerssction of T Lecsl Siresis
Figure B-11: Example of a Median Used 1o Oweert Traffic at @ Magor Strest Crossing

TOOLE
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8.7. Traffic Controls for Major Street
Crossings

Figwrs B-15: Exampds of Conesching (fset Biryche Baulevard Segmints Leang o Twe-Way Separated Bks Lans

TOOLE

DESIGN

————ap |11

Wit13

W15 WikTp  |optional]

i twteaings Becytie umn boax
) oplonal Wi1-1 a1 rogsing

i

LRI

&

h\'ﬂ'!i-ﬂ
%

Fagura 8-14: Fxample of Consecting (Hiwet ficycln Boulevard Segmants Uning Bli&e Lanes and Two-Stage Bicycle

Tun flcaes



Chapter 9 — Shared Lanes and Bicycle Lanes

9.1 Introduction = 9.7 Bicycle Lane Considerations at Bus
. . . . Stops
: nsideration : :
9.2 Design User Profile Considerations 9.8 Advisory Bicycle Lanes
9.3 Shared Lanes and Shared (Experimental)
Roadways = 9.9 Bicycle Lanes on One-Way Streets
9.4 Bicycle Lane Considerations = 0.10 Bicycle Lanes on One Side of Two-

Way Streets

9.5 Buffered Bicycle Lanes = 9.11 Counterflow Bicycle Lanes

9.6 Bicycle Lane Considerations = 9.12 Bicycle Lanes at Intersections,
Adjacent To Parking and Loading Driveways, and Alleys



0.3.2. Limited Effectiveness of Wide OQutside Lanes

A TR

Figure 9-1: Shared Lane Conditions (Rural Context, Suburban Context, Urban Context) Figure 9-3; Shared Lane Marking Lateral Placement in Travel Lanes = 14 Feet Without Parking

_centerad in lana
preferrad

& mini

maasuned from
edge of pavament,
exige of quiter, of

tace of curh with no gutier

Rural Roadway

TOOLE
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9.4.1. Bicycle Lane Widths

AN

Table 7-1; ne-Way Standard Bicychs Lane Widths

9.5. Buffered Bicycle Lanes

One-Way Standard Bike Lane Widihs

Bilkn Lana Conted Practical FRecommended  Recommended c Marrow Standard Wide
e Tl Minmimlen (I Laowrir Lirnedt (F1) Lippar Lieni (F1) Wi (8] Buffar Buiffer Buffer

| Table 9-1 =2 fit 2—d ft
”"‘l‘,’“'m’r“ # 5 T B ’H. g &_ ™ ™ "}ﬂt"
o \ .
[exciusive of gubier] 5 & 7 & f
H‘t‘n;{-'l'lul'.l'.ﬂ'nmﬂhl-'lﬂ 5 & - B
Betwean butlers = 5 T B . & &
Adjacent to parking 5 E 7 g L
To allow occasional
passing or side-by-side 65 a e Bl
MNodes
'Shouldsrs should be proviced in ey of Rmow Beychs IBnes [0 iwdid condunion B (he praciical minkmum h ‘ u
widih.
rluﬁmmm-:u-t;ummmmmmmm:ﬂmm.m 11 traval lane buffer bike curk L= Eﬂﬂ:fwatmmhﬂim
molariil spapds suceed 30 mph, 248 lame  and "spacing may be reduced where engineering judgement
"Bulffered bie lanes or separahed bie langs should be considered In Bey ol =ider bicychs langs io a0l confusion m d:h:ﬂnu:mmfrequrhpﬂhg

with & parking of trawel lane.
a4 mimimum of .5 M B ltaaiacy k7 stoasienal priang and Bt or mone for conorinble akde-Ey-aice bicycing ild-ﬂ-' hways s andlor higher

n
1 o o L E Figure 3-%: Buler Design Oplions

DESIGN



9.6.4. Bicycle Lanes Adjacent to Parallel
Parking and Loading

AR I i i ity
9.6.4.1 Minimum W,idth Bike Lane Considerations

"akot: e mmary Be i muramum of 4 0 # located adjacent Yo o buffor

1.00 LE Figura 3-B0- Consirained Bike Lane Adjacen io Farking Exampie “opdonal green-coiored pavemeant
Figure 2-11: Bike Lane with a Door Zone Buffer adjacent bo Parking

DESIGN



right turn lane
<200 ft preferable

merge lane
<200 ft preferable

R3-TR

BICTLLES R3.THP

[ lacate shared lare
miarking in center

ot lelt most portion
ol burn ke

f.,-qﬂnuhhwuuﬁ
street bkeway or sidewa
[See Section 5.10.7}

pavement (aptional)

B

TELD T BES Rd-4

Figure 7-72; Exampls Right-Turn Ondy Lans with Shared Lane Markings

TOOLE

DESIGN

9.12.3. Right Turn Lane Considerations

right tum lane

merga area
<200 i preferable =200 1l preferable

Figure %-24: Example Bike Lanes on Strects =40 mph or Right=Turn Lanes =200 it

sgnalizes imieragchon
with bicycle signal face
MO

R10-11k

[yl
verlical elemenl

[opticeal)
curbiside bike ane with
bife crossing signal
phase

right turn lane =200 ft

green-colored pavement
{opsianal|

_~ bl ramp to off-streed
blway of sldewali see
Section S.10.7

[opsional)

Figure #-24: Example Bike Lane Approach to a Through-Right and a Right-Turn Only Lare



Chapter 10 — Traffic Signals and Pedestrian
Hybrid Beacons

10.1 Introduction

10.2 Design Guidance for Traffic Signal Control

10.3 Traffic Signhal 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



10.2.4. Traffic Signal Indication Options for
Bicyclists

A TR

Bike signal head warrant:

= |Leading or protected phasing

= Contra-flow movements

= Signal heads beyond cone of vision
Bike signal head application:

= Can only be used without conflicting
vehicle turns

......
- e e Bawgaaled i
TOOLE S

Figurs §0-2: Examples: of Signal Indication Optioss Tor Bicyclts
DESIGN



10.3.5. Signal Phasing Schemes
for Reducing Conflicts

Table 10-1; Recommended Heurly Terning Trafic Threshalds for Time-Separated Bicycle Mevamenls

Left Turn Crossing Left Turn Crossing
One Vehicle Lanes Two Vehicle Lanes

2 2100 Eﬁl.'l

S

S

b n»f

i

& 2 150" 2 150°

e 2z 50 ANY

1 L5

o legend

E p TP ————p  bicyclstpath of vavel

2 2 100° 2 100* ey vehicie path of travel
{E} potential confiict

TOOLE

DESIGN Figure 10-3: Left-Hook and Right-Hook Graphic



10.6. Detection for Bicycles
10.6.1.1 Pushbuttons for Bicyclists

Al ia gy
passive detection with bicycle and pedestrian pushbuttons  bicycle and pedestrian pushbuttons
supplemental pushbutton on separate poles [preferred) on consolidated poles

= postwith pedestrian pushbution

«  post with bicycle pushbutton

®  post with pedestrian and
bicycle pushbution Figure 10-13: Example of Curbside Bicycle Pushbutton

Figure 10-12; Pushbutton Locations
DESIGN



10.4.1. Green Time, Change
Interval and Clearance Intervals

for Bicyclists
A TR

Table 10-2: Bicycle Mirdmum Green Time Equation

. Bicycle Minimum Green Time Equation
Venhicle

Minimum Green
- VS -

Bicycle G, | = |bicycle minimum green time (s)
Minimum Green _
_ | attained bicycle crossing speed
v = | (assumed & mph)

.
1]

perception reaction time (generally 1.5 s)

=
Ll

bicyde acceleration {assumed 2.5 fi's?)

distance from sfop bar to middle of the
intersection (ft)

=8
il

L = | typical length of a bicycle (6 ft)

TOOLE

DESIGN




Chapter 11: Bicycle Facility Design at Interchanges,
Alternative Intersections, and Roundabouts

AT H i H iRy

11.1 Introduction

11.2 Basic Design Principles

11.3 Exit and Entrance Ramps

11.4 Multiple-Threat Conditions

11.5 Motorist Left Turns

11.6 Designs that Place Bicyclists in Constrained Areas
11.7 Conflicts between Bicyclists and Pedestrians in Shares Spaces
11.8 Channelized Right-Turn Lanes

11.9 Alternative Intersection Design Considerations
11.10 Roundabouts



11.3. Exit and Entrance
Ramps

AN

= On-road and off-road options

= Bike ramp to access to sidewalk

= Sidewalk becomes shared use path
= Perpendicular crossings

T

) [iu 4B

TOOLE

DESIGN

pushbutions |one on tach de)
Frgpati 11-4; EAEAaHEs REME wilth Treds ASFon §nd Sesariied Diks Lhs Figure 11-% Enbramce Ramp with Right-Turn Lane. Bke Lane, and Side Path



11.3.3. Merging and Weaving Areas

TOOLE

DESIGN

bicycle ramp (optional) green-colored auxiliary lane
see Section 5.10.7 X

pavement (optional) / drop at ramp

om R
Fer =
; e

--. """"" =<
/
sidewalk (0‘/ \

auxiliary lane sidewalk or vehicle
marked sidepath trave| )
crosswalk (typ) bicycle crossing path

Figure 11-9: Bike Lane Positioned in High-Exposure Weaving Area



11.7. Conflicts between Bicyclists and
Pedestrians in Shared Space

Figure 11-11: Constrained Median Shared Use Path {10 ft wide) with Cencrete Barrier Buffers

1-0 o L E Figure 11-1Z; Side Path between Travel Lanes and Bridge Piers with Preferred Buffers

DESIGN



11.8. Channelized Right-Turn Lanes

e 11-13: Channelized Right-Turn Lane Approach Angles

o
10" shared use path

Figure 11-14: Channelized Right-Turn Refuge |sland

TOOLE

DESIGN



11.10. Roundabouts

Frguire 11-17: Typscad Layoul of Separated Bike Lanes af Rourdabout

1'00' E Figure 11-18: Typical Layout of Biue Lane Transifions 1o Shared Use Path sl Multiane Reundabout with Bike Ramps

DESIGN



Chapter 12 — Rural Area Bikeways
and Roadways

12.1
12.2
12.3
12.4
12.5
12.6
12.7
12.8
12.9

Introduction

Safety Context of Rural Roads

Design User Profiles

Rural Bikeway Treatments

Pavement Surface Quality on Rural Roadways

Shared Use Paths and Sidepaths

Design Considerations for Bridges, Viaducts, and Tunnels in Rural Areas
Bicycle Travel Along Interstates, Freeways, and Limited-Access Highways
Roundabouts



Figure &4-2; Preferred Paved Shoulder Widths for Rural
Roadways to Accommodate Highly Confident or Somewhat
Confident Bicyclists

Section 12.3 - Design User Profiles 20k
AN Y
Design User: B
Between Towns & Villages é
= Highly Confident i IR
% 15k |
In Towns & Villages =
» Interested but Concerned =+ g 500 —

=22 30 35 40 45 50 55 60+

SPEED MILES PER HOUR

TOOLE
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Section 12.4.1 — Shared Roadways

AN

TOOLE

DESIGN



Section 12.4.3 Paved Shoulders

AN

Table 12-1: Paved Shoulder Widths for Bicycling (see Chapter 12 References: FHWA, 2015b)

Paved Shoulder Widths Exclusive of Rumble Strips' for Bicycling

Design Year Average Daily Traffic Recommended Range

[ADT) and Posted Speed [MPH) ,::r‘;'l:';::. | | ,':';:'I‘;_':f:l'_l
Threshoids Lower Limit* Upper Limit
< 2,000 all speeds an an 51 on
2,000 - 6,000; all speeds 2ft 4 ft & f" 10/
6,000 - 10,000; all speeds i &M an 10M
> 10,000; £ 35 mph 5t 61 am 12 e
> 10,000; > 40 mph” 51 61 10 12 1"

MNofes

"Sew Secton 12.5.1 for rumble sirip design congiderabions

"Where roadside bamers, walls, or other vertical elements are present, they should be offsed a
rienirmum of 2 f from the outer edge of the ndeable shoulder ko provide menemum shy distance to
bicyclists {see Section 25.32)

“Where =10 percent of traffic consists of trucks.

*Shared use paths ane prefemed.

TOOLE

DESIGN

Figura 12-4; Bypass Lane with Paved Shoulder




Section 12.4.3 Paved Shoulders at
Intersections

TOOLE

DESIGN




12.5.1. Rumble Strip Placement

and Design
Al i i i Ity
ideal constrained
6-12 ft rec.
4 ft min®
“ -. Definitions
adway shoulder Length (A] | Dimension of rumbls sirip measured lateral 1o the traved lane
* & ft sunimum if adjacent curb, guardrail, Width {B) | Dimension of rumible sirip measured paraial 1o the traved lane
vertical element, or abstacle Verbcal distance measured rom fop of pavement surface to

Depth {C) botiom of @ rumble strip pattern

Spacing (07 | Dimension babvesn rumbla sirp pattems

Distance from outside (for example, of numbie sing
righit] edige

Figure 12-B: Rumble Strip Placement Oplions

o ousSide edge of paved
Distance measwed paralisl fo roadway, between grougps. of
. GapiGh | bl strip pattems
1 OOLE "Hote: Figure nof 10 scale

DESIGN Figure 12-9: Rumble Strip Minimum Gap Illustration



Chapter 13 — Structures

13.1 Introduction

13.2 Genera
13.3 Design
13.4 Design

Design Princi

Detalls for Brid

nles for Structures

ges

Detalls for Und

erpasses

13.5 Options for Retrofitting Existing Structures

13.6 Connections to Nearby Facilities



13.2. General Design Principles for
Structures

shared usse path width
sei Section B4

intermittent shy space
i ,/"/ soe Tablo 2-5

shy destance

Figure 13-1: Bikeway along the Interstate 90 Bridge over Lake Washington, WA o0 Tabls 3.5

travel lane shared use path

Figure 13-5: Harizonlal Clearances for Shared Use Paths on Bridges Along Roads
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Chapter 14 — Wayfinding Systems for
Bicyclists

14.1 Introduction 14.8 Supplemental Wayfinding Elements
14.2 Core Wayfinding Approaches 14.9 \éVayf(ijnding Sign Design: Style and
: o randin

14.3 When to Use Bicycle Wayfinding _ g :

Signs 14.10 Wayfinding Sign Placement and

. | Installation

14.4  Design User Profile 14.11 Wayfinding for Bicycle Detours and
14.5 Bicycle Wayfinding Approaches Work Zones
14.6 Bicycle Wayfinding Sign

Assemblies

14.7 Supplemental Information



14.6. Bicycle Wayfinding Sign Assemblies

Roune Junoon Junction B e Combanaticn
Confrmation Sign Sign Turm Sign
Sign Asgombily Angembily Sign Axgombdy
[Diption 1) {Option Z) Ausembly 1ml Turn
pli=s
JuirEtian]

Figure 14-4: Examples of Conlirmation, Decision, and Turn Sign Assemblies

MUTCD D Series
TOOLE

DESIGN

Commaunity
Coll e

Figura 14-T: Example of Community Way linding

custom

Table 14-1; Mileage Rounding Guidelines

Mlﬁ:{iﬂu R-u-undll:lg:_l Gunidelines

Distanics {mi) Gudalira

Lo nead inciucie mileage: Bocks ang

o approprate, if necassany
0.2-50 Round mileags o the nearest teath of & mie |
= 5.0 Found mileags o the neares! whalse mile



Figure 14-8: Horizontal and Yertical Sign Clearances
2!
‘min

14.6. Bicycle Wayfinding Sign Assemblies ..

\i:

7
min

= Sign Placement and Installation

= Vertical / horizontal clearance

= Placement at intersections

= Wayfinding in Work Zones and Detours

Shared Use Path

TOOLE

DESIGN ' ' oy



Chapter 15 — Maintenance and Operations

15.1 Introduction

15.2 Maintenance Policy and Programs
15.3 Designing for Ease of Maintenance
15.4 Maintenance Activities

15.5 Temporary Traffic Control for Bicyclists (Maintenance of Traffic)



15.2. Maintenance Policy and Programs

Table ¥5-1: Maintenance Equgsment Types

Maintenance Equipment Types

Type of Caomes ponding Wisdth Hieight
E qusiparmeid Design Vehicle* (s [}
s
o Coat-allectivn tme for Z-Axle Single Pegiway snow plowing, heavy
y = preventative Unit Truck e ) V13 | constructon, emergency vehicies
E E malntenance
o
i
=
LT Cooail-eieciive Hme for
EE|  crmeal Condition minar nshablitation 2.Axle Single A : i amibulance, snew plwing,
fgws 152 Enemples of Dubrin. Frded Markingn. and Save Clorveg 3 ; Linit Trugic cOMSANICHon. rowling mainbenance
e
E e v r r B i
i
&3 A1 et
' snow plorwing. moutine maintenance.
f Pickup Truck HiA &8 &7 law Erdaroemenl

INCREASING INFRASTRUCTURE AGE = T?F-:alms:; WO 55 65 snaw |=44:-----Trr|;|!I r:-leh“n:ummmnne
5'!!' o
Figura 15T Baryils Inlrastroelure Lile Cycle
Specialty ; ;
Equipment i ‘Varies by marufactuner Vanes

* For detalled informasion on ‘vehicke geomainy and turming radiss. reler o Chapler 2 of AASHTO's A Policy on
Geamainic Dealgn of Highwiys angd Sels (Ses Chigter 15 Fsferseces AASHTO, 2018)
| *Widih of abachmants such 83 S=eepr booms of snowpics’ bledes may sooeed T widih of e vehice.

Figare 154 Fog Sealnng 2 Shared Use Path
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15.4. Maintenance Activities - Surfaces

= Surface Repairs
= Pavement Overlays

= Maintenance of concrete surfaces

Figure 15-5 Recommended Safety Edge,, configuration for AC pavements and overlays

break point/original edg

of pavement safety edge
roadway overlay (1:1.2to 1:2.0)
existing roadway shoulder backfill
/ material
7
roadway shoulder

TOOLE

DESIGN



15.4. Maintenance Activities

Table 152 Types of Pavemenl Marking Matsrials

[ ] C I e arl n g an d Swe e p I n g Comparison of Pavement Marking Materials

Initlal Relative Cosl | Rotronellsctvity

E Lifaspan
= Low [ mnths) O

O] .
BEEE =Hgh | OO0 =High
. Paint _ )] | 3-24 | 8

= Drainage Structures cpoxy Pan O® | u-u 00

. ] ] Themoplashs (sprawed) @{E}@ . 48 - T2 I::}ll:l-
= Signing and Pavement Markings — OO | =% | 000

Mofa: Estmates based on A0 commparadve cosfs

* Tharmailesie and i fve Shomis AO00S & SNow)y ansdd whin ey ane offan desugin? Ty Snownlows, unhess M)y ane
prownd-in [recarsnd] bolow M pavamant faisco, b w-sniamd smarmamants wilho! snosniowing. mankings may iasf
slbsianialy o

= Vegetation

TOOLE

DESIGN



Chapter 16 — Bicycle Parking, Bike Share
Siting, and End of Trip Facilities

16.1
16.2
16.3
16.4
16.5
16.6
16.7
16.8
16.9

Introduction Gﬁ)

Planning for Bicycle Parking PARKING
Short-Term Parking ‘
Long-Term Parking

Rack Design P e By Pt
Short-Term and Long-Term Bicycle Parking Site Design

Bike Parking at Special Events

Bike Share Parking

Locker Rooms, Showers, and Repair Stations (End-of-Trip Facilities)




16.3. Short-Term Parking

16.3.4. Example Designs with Unigue Considerations

A iy

Biks Puikiag on Rased Medun Adjacent i
Aczeanible Car Parking Sgace

Figure 18-3: On-Stresi Dicyche Corraly 2
s

TOOLE

DESIGN

®

©®

e el FiF el

PRI R

@ &)

Bctuasl Viwd B B
i
o LECHE e o B R Ty TS I T DR
Figars 14—k Cremgpia of < d Miod ddd B

Table 16-1: Sample Shart-Term Bicycle Parking Quantity Reguirements

Short-Term Parking Quantities

Sample Bicycle Parking Quantities®

Biult-uni residental

chwrbllinygs 0.05 speces per bedroom .10 spaces per bedroom

Librarigs and govarmment | One space per 10,000 souare ft Ong space per 8.000 squarg f of

baildings of floar ansa Saar ares

Hﬂh;rm. i IT:. Spaces for 2 percent of Spaces for 5 parcant of maximum
v P, maximum axpected aftendance expectad aflendance

[t s

Sehools [K-12) Oivlr 2pace par 20 students 1.5 spaces pear 20 students

Colleges and uniarsities

Cirvls space par 10 studants of
planned capacity

One space per 10 studants of
planmsed capacty

Rad or bus terminats snd
sinfions and afrports

Spaces for 1.5 percent of a.m.
pank paSSEngErs

Spaces for 2 parcent of .m. peak
pasSSSNgEs

Orvlr BpAcE pae 2,000 1t of floor

One space ped 2,000 12 of foor

Retnd groceries i i

Oivls 2pace pad 5,000 1F of flaar One space per 5,000 & of Baar
Fetad- ganeral et
Oiffice Cinva space par 20,000 87 of One space per 20,000 #* of Noar

floor aroa

# A rminimium of twd bike parking spols is recommended in af cases

Adapted from Andersen ot al, (20101 see Chapier 14 Referances




Thank you!
Questions?

Katy Sawyer, PE
Principal Engineer
ksawyer@tooledesign.com
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CONTACT LTAP

Address Pennsylvania

Pennsylvania Department of Transportation ' Department of Transportation
Bureau of P|anning and Research Local Technical Assistance Program

400 North Street, 6th Floor www.pa.gov/penndot

Harrisburg, PA 17120

Website: https://gis.penndot.pa.gov/Itap/

Phone: 1-800-FOR-LTAP
Fax: 717-783-9152

Email: ltap@pa.gov
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