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Chapter One
INTRODUCTION

1-10 Purpose

The emphasis now being placed on bicycle transportation
requires an understanding of bicycles, bicyclists, and
transportation facilities. The bicycle, when adequately planned
for and used, plays an important part in the overal
transportation system. Safe, convenient, and attractive facilities
areessential to encourage safe bicycledriving. Bicycletripsare
generally under 8 km and often occur in urbanized areas.
Therefore, these guidelines emphasize increased use and safety
in urban areas.

The purpose of this manual is to provide bicycle network
and facility planning and design guidelines that planners,
engineers and designers should follow, unless otherwise noted,
to encourage increased use of the bicycle. To clarify the
meanings of "shal", "should" and "may" used in these
guidelines, the following definitions apply:

1. SHALL--A mandatory condition. Where certain
requirements in design or application are described
with the "shall" stipulation, it is mandatory when an
installation is made that these requirements be met.

2. SHOULD--An advisory condition. Where the word
"should" isused, it is considered to be advisable usage,
recommended but not mandatory.

3. MAY--A permissive condition. No requirement for
design or application isintended.

Because flexibility is provided, these guidelines permit
improvements to be made that will result in greater uniformity
of geometrics over mgjor lengths of roadways and bikeways.

Theseguiddineshavebeen devel oped based on engineering
practices and the state of the practice in transportation and
should be used to the maximum extent possible. However, as
with all projects, use judgment in their application. The
provisions for bicycle travel are consistent with standard
roadway engineering practices. These guidelines should be used
in conjunction with other chaptersinthe Mn/DOT Road Design
Manuals and other resources.

1-2.0 Policy and Goals

U.S. Department of Transportation goals include doubling
bicycle and pedestrian use while simultaneoudly reducing by
10% the number of bicyclists and pedestrians killed and injured
in traffic crashes. Minnesota and The Minnesota Department of
Transportation (Mn/DOT) support these goals and have
developed similar policies and goals to help ensure increased,

safe bicycling for transportation. Plan B: The Minnesota
Comprehensive State Bicycle Plan provides a framework to
guideinvestmentsthat will translate the needs of bicyclistsinto
safe realities. Mn/DOT accommodates bicyclists through its
multi-modal and intermodal actions and continuesto encourage
the increased use and safety of bicycling.

1-30 Scope

Thismanual provides part of the information necessary for
a safe bicycling environment. Facilities are one of several
elements essential to an overall bicycle program. Bicycle saf ety
and design, education and training, bicycle use encouragement,
and the application and enforcement of the rules of the road as
they pertain to bicyclists are further addressed in Plan B: The
Minnesota Comprehensive State Bicycle Plan, and in other
resources. This manual provides guidelines for facilities.

1-4.0 Definitions

BICYCLE - "Bicycle" meansevery devicepropelled solely
by human power upon which any person may ride, having
two tandem wheel sexcept scootersand similar devices, and
including any device generaly recognized as a hicycle
though equipped withtwo front or rear wheels. (MN 169.01
Subd. 51) (Considered a vehicle by MN Statute 169.01
Subd. 2, MN 169.222 Subd. 1).

AVERAGE BICYCLISTS - The Design Bicyclists
comprised of both Group B (Basic Bicyclists) and Group C
(Children).

BICYCLE FACILITIES - A genera term denoting
improvements and provisions made by public agencies to
accommodate or encourage bicycling, including parking
facilities, bikeways, bikeways maps, and shared roadways
not specifically designated for bicycle use.

BICYCLE LANE (BIKE LANE) - "Bicycle Lane" means
a portion of aroadway or shoulder designed for exclusive
or preferential use by people using bicycles. Bicycle lanes
are to be distinguished from the portion of the roadway or
shoulder used for motor vehicle traffic by physical barrier,
striping, marking, or other similar device. (MN 169.01
Subd. 70)

BICYCLE-PEDESTRIAN LANE - A portion of aroadway
designated for the preferential or exclusive use of bicycles
and pedestrians.
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BICYCLENETWORK - A continuoussystem of bikeways
and roadways in aregion or municipality.

BICYCLE PATH (BIKE PATH OR OFF-ROAD
BIKEWAY) - "Bicycle Path" means a bicycle facility
designed for exclusive or preferential use by people using
bicycles and constructed or developed separately from the
roadway or shoulder. (MN 169.01 Subd. 9)

BICY CLE-PEDESTRIAN PATH (SHARED ORMULTI-
USE PATH) - A path designated for the preferential or
exclusive use of bicycles and pedestrians.

BICYCLE ROUTE - The term "bicycle route" means a
roadway or shoulder signed to encourage bicycleuse. (MN
169.01 Subd. 62)

BICYCLETRAIL - "Bicycletrail" meansabicyclerouteor
bicycle path developed by the commissioner of natural
resources under MN 85.016. (MN 169.01 Subd. 71)

BIKEWAY --"Bikeway" meansabicyclelane, bicyclepath,
or bicycle route, regardless of whether it is designated for
the exclusive use of bicycles or is to be shared with other
transportation modes. (MN 169.01 Subd. 72)

CROSSWALK--"Crosswak" means that portion of a
roadway ordinarily included with the prolongation or
connection of thelateral linesof sidewalksat intersection or
any portion of aroadway distinctly indicated for pedestrian
crossing by lines or other markings on the surface. (MN
169.01 Subd. 37)

GROUP A - ADVANCED OR EXPERIENCED
BICYCLISTS. TheFHWA Design Bicyclists comprised of
experienced riders who can operate under most traffic
conditions.

GROUP B - BASIC BICYCLISTS The FHWA Design
Bicyclists comprised of casual or new adult and teenage
riders who are less able to operate in traffic without
provisions for bicycles.

GROUP C - CHILDREN. The FHWA Design Bicyclists
comprised of pre-teen riderswhose roadway useisinitially
monitored by parents and eventually are accorded
independent access to the roadway system.

DESIGNATED SHARED STREET ORHIGHWAY -Any
street or highway designated as a bikeway and
recommended for use by bicyclists and characterized by
basic signage and the absence of striping or marking for
bicyclists. Traffic calming measures may be implemented
to maximize their usefulness and safety.

LIGHT TRAFFIC - Pedestrian, bicycle and other types of
non-motorized traffic. Mopeds are sometimes considered
"light traffic."

PEDESTRIAN--"Pedestrian" meansany person afoot or in
awheelchair. (MN 169.01 Subd. 24)

RIGHTS OF WAY--A generad term denoting land,
property, or interest therein, usually in astrip, acquired for
or devoted to transportation purposes. "Right-of-way"
means the privilege of the immediate use of the highway.
(MN 169.01 Subd. 45)

ROADWAY --"Roadway" meansthat portion of ahighway
improved, designed, or ordinarily used for vehicular travel,
exclusive of the sidewalk or shoulder. In the event a
highway includes two or more separate roadways, theterm
"roadway" as used herein shall refer to any such roadway
separately but not to all such roadways collectively. (MN
169.01 Subd. 31)

SHARED STREET OR HIGHWAY --Any roadway upon
which abicycle lane is not designated and which may be
legally used by bicycles whether or not such facility is
specifically designated as a bikeway.

SHOULDER--"Shoulder" means that part of a highway
which is contiguousto the regularly traveled portion of the
highway and is on the same level as the highway. The
shoulder may be pavement, gravel, or earth. (MN 169.01
Subd. 73)

SIDEWALK--"Sidewalk" means that portion of a street
betweenthecurb lines, or thelateral linesof aroadway, and
the adjacent property lines intended for the use of
pedestrians. (MN 169.01 Subd. 33)

STREET OR HIGHWAY --"Street or highway" means the
entire width between boundary lines of any way or place
when any part thereof is open to the use of the public, asa
matter of right, for the purposes of vehicular travel. (MN
169.01 Subd. 29)

TRAFFIC CALMING--Physical and other measures used
on astreet or highway to reduce the dominance and speed
of motor vehicles.

VEHICLE - "Vehicle" means every device in, upon, or by
which any person or property is or may be transported or
drawn upon a highway, except devices used exclusively
upon stationary rails or tracks. (MN 169.01 Subd. 2)

WIDE CURB LANE OR WIDE OUTSIDE LANE - The
right-most through traffic lanes that are substantially wider
than 3.6 m.

1-5.0 TheTypical Bicycle, Rider and Dimensions

The bicycle is distinct from all other modes of
transportation by being the smallest and lightest vehicle. These
characteristics have a direct bearing on the geometry of rights-
of-way intended to accommodate bicycle traffic. To ensure the
safety and comfort of bicyclists, the size of the vehicle must be
taken into account, a ong with the amount of lateral and vertical
clearance needed by a moving bicyclist.



JUNE 17, 1996

BIKEWAYSMANUAL

1(3)

The handlebars are the widest part of a bicycle. On a
mountain bike or adult tricycle, the handlebars may be as much
as 720 mmwide; on touring or city bikesthey typically arefrom
400 to 600 mm wide. The minimum width that a stationary
bicycle occupiesis 600 mm.

Thetires on most bicyclestypically rangeinwidth from 20
mm to 60 mm with acontact surface of around 3 mm and wider.
they often providelittletraction. If the pavement is covered with
sand or leaves, or is wet, the bicycle has even less traction and
needs more room to brake. This is one of several factors to
consider when designing curves.

Becausethey often rideto theright side of thetraveled way,
bicyclists are sometimes difficult to see in traffic, especially
after dark or intherain. Planners and engineers should givethis
factor serious consideration, paying attention to the area around
urban intersections. An effort should be made to provide better
visibility for motorists.

Under most circumstances (flat terrain, windless
conditions), most bicyclists can maintain a cruising speed
between 20 and 30 km/h, with aminority maintaining aspeed of
30 km/h. Indescents, with atail wind, speedsmorethan 50 km/h
can be reached.

Bikewaysshould designed with the gentlest slopes possible
to encourage bicycling and the use of bicycle facilities.
However, a route or facility shouldn't be automatically
abandoned if a steep hill is unavoidable. Facility design and
bicyclists' behavior can be adjusted to compensate for steep
terrain.
1-6.0 Operating Space

A hicyclist’s design vertica height is 2.5 m. Even a tall
individual will not reach this height when seated on a bicycle,
but it isessential to allow extraclearancefor bicyclists pedaling
upright or passing under an overpass. See Figure 1-6.0A for
bicycle operating space dimensions. Sighage above a bicyclist
should aso alow for at least this amount of vertical clearance.

Under normal conditions, a moving bicyclist needs a
corridor at least 1 m wide in order to maintain balance when
riding at low speeds or against crosswinds. To ride comfortably
and avoid fixed objects (sidewalks, shrubs, potholes, signs
signals, etc) and other users such aspedestriansand wheel chairs,
ahicyclist needsan additional 0.25 m of clearance on each side,
bringing the basic width of a one-way corridor to 1.5 m.

In enclosed areas, a space 3 m wide is desirable for two
opposing bicycliststo comfortably pass each other. Inthis case,
space is necessary for a hicyclist to react to unexpected
maneuvers of other riders. In an enclosed area, the amount of
space desirablefor one bicyclist to pass another going the same
direction is dightly less than for opposing traffic. See Figure
1-6.0B.

In an open area, bicyclists require somewhat less space.
Open areas afford bicyclists more space for unexpected
maneuvers. These figures are guidelines. The width of the
corridor may vary with the type of facility.

1-7.0 TheDesign Bicyclist

The Bicycle Federation of America estimates that fewer
than 5 percent of riders qualify as experienced bicyclists.
Because the goal is to increase bicycle use, there will be more
average bicyclists than experienced bicyclists using the road
system. The Federal Highway Administration has recently
devel oped the following classification system:

FHWA Group A-- Advanced Bicyclists: Experienced
riders who can operate under most traffic conditions, they
comprise the majority of the current users of collector and
arterial streets.

FHWA Group B - Basic Bicyclists: These are casua or
new adult and teenage riderswho areless ableto operatein
traffic without provisions for bicycles. Some will develop
greater skills and progress to the advanced level, but there
will always be millions of basic bicyclists.

FHWA Group C- Children: Pre-teenriderswhoseroadway
use is initially monitored by parents. Eventually they are
allowed independent access to the road system.

Group B and Group C Bicyclists have been combined. The
"Design Bicyclist" concept recognizes two broad classes of
bicyclists: Group A "Experienced" Bicyclists and Group B/C
"Average" Bicyclists.

Generally, Average (and many Experienced) Bicyclistswill
be best served by a bikeway network of streets and designated
bicycle facilities which can be provided by:

«  Ensuring neighborhood streets have appropriatetraffic
operating speeds and volumes.

e Providing a network of designated bicycle facilities
(e.g., bike lanes, paths, side-street bicycle routes)
through the key travel corridors typically served by
arterial and collector streets.

*  Providing usableroadway shouldersonrura highways.

Experienced Bicyclistsgenerally prefer roadwaysdesigned
toaccommodate shared use by bicyclesand motor vehicles. This
can be accomplished by:

e Establishing and enforcing speed limits to minimize
speed differential sbetween bicyclesand motor vehicles
on neighborhood streetsand by using "traffic-calming"
strategies.
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Space desired by two bicyclists meeting at 30 km/h in an enclosed area
Figure 1-6.0B

*  Providingwideoutsidelaneson collector and arterial
streets built with an "urban section” (i.e., with curb
and gutter).

e Providing usable shoulders on highways built with a
"rural section” (i.e., without curb and gutter).

1-8.0 Design Approach

Given these two types of design bicyclists, a two-tiered
approachto meeting their needsispossible. However, because
the goal is to increase safety and use by Average Bicyclists,
the development of a bicycle network for bicycle traffic
should take priority.

Most hicyclists will be best served by identifying key
travel corridors (typically served by arterial and collector
streets) and by providing designated bicycle facilities on
selected routes through these corridors. Often these facilities
will also be used by other traffic such as pedestrians, skaters
and motor vehicles. These key travel corridors can be
identified through the type of bicycle network planning
process described in Chapter 3. Non-network routes may
also be planned for Average Bicyclists.

Experienced (FHWA Group A) Bicyclists prefer that
streets, including those not on the bikeway network, be made
"bicycle-friendly." This may be accomplished by adopting
design standards that include wide curb lanes and paved
shoulders to accommodate shared use by bicycles and motor
vehicles. This approach will provide adequate space for
bicycles and motor vehicles to share the roadway with
minimum need for changing lanes or lane position. The
desired outcome is to have sufficient space to accommodate

shared use by bicycles and motor vehicles with minimum
delays and maximum safety for all users.

Full use of thisapproach will result in anetwork of routes
for Average and Experienced Bicyclists incorporating slow-
speed roads and designated bi cyclefacilitiesand non-network
roads on which bicycles are permitted to operate by
incorporating the design treatments recommended for
Experienced Bicyclists.

1-9.0 TypesOf Facilities

There are many ways bicycles can safely and
conveniently be accommodated on roadwaysand other rights-
of-way. There are five general types of on-road facilities
which can improve upon shared lanes where traffic volumes,
speedsand traffic mix makeit prudent to do so. Inthree of the
five cases the facility allows bicyclists and motorists to
operate parallel to each other in the roadway without coming
too close and without motoristshaving to changelanesto pass
the bicyclists. On-road facilities are described in Chapter 4
and paths are described in Chapter 5.
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Chapter Two
DESIGN FACTORSAND MAINTENANCE

2-1.0 General.

After construction, maintenance is an important factor for
the successful operation and usage of the facility. Poor
maintenance resulting in the accumulation of sand, gravel,
broken glass, branches, etc. or development of potholes,
corrugations and other rough surface conditions will cause
bicycliststo avoid thefacility. Theresult may bethat thefacility
becomesaliability rather than an asset to the controlling agency.
Therefore, the responsibility for maintenance of the facility
should be established before construction. Normally, if the
facility is located on the highway shoulder the maintenance of
thefacility will betheresponsibility of the appropriate highway
agency. If the facility is separated from the roadway,
maintenance of the facility may be the responsibility of the
appropriate local or other governmental agency.

Although the designer is not responsible for maintenance,
there are anumber of factors to incorporate into the design that
will facilitate the necessary maintenance operations. The
followingisapartial checklist of itemsto be considered during
design:

1. Doesthefacility have sufficient clearance (height and
width, especially with off-road bikeways) to
accommodate maintenance vehicles?

2. Is the structural thickness (pavement and base)
adequate to support maintenance or emergency
vehicles?

3. Has access to the facility for maintenance or
emergency vehicles been provided (especially on off-
road bikeways)?

4. Hassufficient clearing or grubbing been provided for
adequate sight distance and horizontal and vertical
clearances?

5. Have adequate cross slopes, drainage structures and
ditches been provided to ensure good drainage?

6. Are designed plantings in locations that will not
become a hazard or create sight distance problemsin
the future?

7. Have"maintainable" side slopes been planned?

8. Havegravel drivewaysandintersecting roadwaysbeen
paved on either side of the bikeway (3 m or more) to
minimize amounts of gravel and dirt dropped on the
bikeway by crossing motor vehicles?

9. Have signs and signals been designed and located
outside of bicycle and pedestrian traffic flow with

adequate vertical and horizontal clearance?

The above checklist is not a complete list, but does give
some items to be considered during the design stage. The
designer may wish to contact maintenance staff for additional
items.
2-2.0 Surface Quality and Utility Work

The quality of a bikeway’s riding surface is important.
Pavement surface irregularities can do more than cause an
unpleasant ride. Gaps between pavement slabs or drop-offs at
overlays or patches parallel to the direction of travel cantrap a
bicycle wheel and cause |loss of control. Holes and bumps can
cause bicyclists to swerve into the path of motor vehicles. A
single surface irregularity in itself may not cause as much
discomfort as a group of or continuous irregularities. Bicycle
pavements should be at least as smooth as the adjacent road or
bicyclists may not use them.

The two types of hazards which are classified as surface
irregularities are cracks and projections. Cracks are generally
normal fissures such asthe gap between two slabs of pavement.
Projections may be caused by sinking drainage grates or crude
patch jobs. They are further classified as having a parallel or
perpendicular orientation. Table2-2.0A recommends maximum
acceptable surface irregularities on bikeways.

Table 2-2.0A
Maximum Acceptable Surface lrregularitieson
Bikeways
Orientation of Cracks Pr oj ections?
thelrregularity
Parallel 13 mmwide 10 mm high
Perpendicular 20 mm wide 20 mm high

1) Cracks/Fissures in the surface. Often found in hot mix
asphalt surfaces or between slabs of portland cement
concrete.

2) Projections. abrupt rises in the surface of the traveled
way. May be caused by sinking drainage grates, crude
patching of the surface, partial erosion of alayer of asphalt,
pavement joints, pedestrian ramptransitions, or root growth
under pavement.

To ensure that the riding surface is maintained at a level
which is smooth enough for bicyclists safety and comfort, the
following guidelines should be followed:
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Locate public utility installations such as manhole
covers, drainage grates and gate chambers so that they
remain outside of paths

Inspect control joints on paths.

Schedule regular maintenance to remove sand
(including early removal of sand left by winter sanding
operations), earth, and other matter that may cause
skidding.

Eliminatesurfaceirregularitieswhich may makeriding
uncomfortably bumpy or lead to drainage problems or
cause bicycliststo use the roadway instead of a path.

Ensure that drainage grates, if located on or near a
path, have narrow openings and be placed
perpendicular to the riding surface.

Vegetation Control

Control of vegetation is generally considered to be the
responsibility of maintenance forces. However, in order to
providebetter control, it should also beconsidered during design
and construction.

Thefollowing are examples of vegetation control methods that
may be done during design and construction.

1

Placement of anon-selective herbicide suchasArsenal
(Imazapyr) under asphalt paving. All applicationsmust
be done according to label directions. The applicator
must be licensed by the Minnesota Department of
Agriculture. It is quite common for thin bituminous
surfaces with shallow subsurface treatments, such as
walking trails, to be ruined by vegetation. This
herbicide will prevent vegetative growth from
penetrating the asphalt paving for a number of years.
Non-selective herbicides may injure nearby trees if
their root systems grow into the treated area.

Placement of atightly woven geotextile or landscape
fabric under the asphalt pavement. This method may
be chosen in sensitive areas where a nonselective
herbicideisundesirable. Several brands of geotextiles
are available. Many provide additional structural
support for the asphalt paving as well.

Requiring the contractor to control noxious weeds
during construction. The following ten weeds have
been designated noxious weeds on a statewide basis.

Canada Thistle Sow Thistle

Bull Thistle Musk Thistle
Plumeless Thistle Wild Hemp
Poison Ivy Leafy Spurge
Field Bindweed Purple Loosestrife

TheAgricultural Weed Law of Minnesotarequiresthe
control of at least these 10 weeds. In the preparation
of plans and provisions for building bikeways, the
responsibility for control of these noxious weeds
during construction can be delegated to the contractor.

Selective vegetation removal may berequired in order
to removelow hanging branchesand other growth that
have encroached onto the bikeway. These
encroachments may reduce the bicyclist's sight
distance and can cause personal injury.
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Chapter Three
THE BICYCLE NETWORK PLANNING PROCESS

3-1.0 General

The bicycle network planning process is a specific
application of thetransportation planning process. Bicyclistsand
pedestriansvaluethe sametravel features aswhen driving motor
vehicles (e.g.,accessibility and directness), yet they also value
characteristics such asdesignated facilities, low traffic volumes
and speeds-in general, an attractive and comfortable
environment.
3-20 DEVELOPING A COMMUNITY BICYCLE
NETWORK PLAN

Establishing a vision of how bicycling fits into the overall
transportation system of a community or region isimportant to
develop a safe and enjoyable bicycle network. Identifying
community values related to bicycle use and establishing
strategic goals are basic components to integrate the bicycle
network into the overall transportation system. The broad goals
in the introduction of these guidelines are some examples that
are applicable for aregion or community.

AverageBicycliststypically prefer to ride on neighborhood
streets or designated bicycle facilities. Experienced Bicyclists
should be anticipated on roadways where bicycles are not
excluded by statute or regulation, regardless of functiona
classification. Safe accommodation of al bicyclists is best
accomplished by creating a comprehensive and continuous
bicycle (and pedestrian) network in built-up areas in order to
enhance the safety and travel comfort of users. Trips connected
with school, shopping, work, errands, outdoor recreation and
leisure should be possible by bicycle or on foot. Individual
routes should be planned for all user groups (children, senior
citizens, people who have disabilities and so on).

The network is composed of bicycle and pedestrian routes
including some motor vehicle roads with little traffic (e.g.
residential and access streets) used as parts of the bicycleroutes.
Bicycleroutesmay parallel mainroadsfor motor-vehicletraffic,
or be completely separate. Bicycle routes in an urbanized area
may be classified as follows, according to their function in the
network:

CLASSIFICATION FUNCTION

MAIN ROUTE Linksvariouspartsof abuilt-up area
together and serves primarily
bicycling that is either regional or
long-distance between parts of an
area. Planning is based mainly on
needs of bicyclists but should also
meet the requirementsof pedestrians

and other users.

LOCAL ROUTE Carries internal traffic in acity
district or other such areaor between
adjacent areas. Has substantia
pedestrian traffic. Planning should
take into account the needs of
various pedestrian and other groups
(seniors, disabled people, children,
etc.)

ACCESSROUTE

Providesdirect accessto parking and
entrancesto destinations. Typically
consists of residential streets,
parking lots and access roads, etc.
Planning requirements are similar to
the local route but are not examined
in detail in these guidelines.

RECREATIONAL
ROUTE

Serves outdoor recreation done on
foot, by bicycle, on skis, etc. Can
form part of another route network.

The following discussion details a planning process
intended to identify acommunity wide network of routes where
bicycle facilities are used to meet the needs of Average and
Experienced Bicyclists. Many model planning processes could
be used to select routes and design facility treatments to
accommaodate bicyclists. Thefollowing processisone example.
It has six steps:

1. Establish performance criteriafor the bicycle network.

2. Inventory the existing bicycle facility and roadway
system.
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3. ldentify optimal bicycle travel lines and corridors.
4. Evauate and select specific route aternatives.
5. Select appropriate design treatments.

6. Evauate the finished plan against the established
performance criteria.

3-201 Establish Performance Criteria for the Bicycle

Networ k

The performance criteria specify the values to use in
determining the safety, desirability and effectiveness of a
community bicycle network. Good quality values may include:

Directness: Good quality routes should be direct, smooth
flowing with little waiting and have minimal increased (detour)
distance compared to the most direct route.

CRITERION MAIN ROUTE LOCAL
ROUTE
Design Speed 30 km/h 25 km/h
Average Waiting | 15 s’km 20 glkm
Time
Maximum 1.2 Detour Factor | 1.3 Detour Factor
Detour Distance

Accessibility: This is measured by the spacing between
routes or the distance abicycle facility is from a specific origin
or destination, and the ease by which this distance can be
traveled by bicycle. Coherent arrangementsthat areclear enough
so that those with little traffic sense (e.g. children) can usethem
properly are important. Understandable signing helps. More
importantly, all origins and destinations (residential areas,
schools, shopping centers, business centers, parks, etc.) should
be accessible by bicycle and on foot.

CRITERION MAIN ROUTE LOCAL
ROUTE
Spacing 1 km Average 200-500 m
between Routes (Older Areas)
400-800 m (in
city centerswith 150-400 m
sparse local (New Areas)
routes)

Continuity: The proposed network should minimize missing
links. If gaps exist, they should be signed well and not include
traffic areas that are unsafe or unpleasant.

Comfort and Attractiveness: This includes factors such as
separation from motor traffic, visual aesthetics, the real or
perceived threat to personal safety along the route, and the
amount and level of security for bike parking. The alignment
and conditions of the route should be roughly the same standard
as (or better than) the motor vehicleroad running alongsideit to
ensure the most use. Good lighting and even, hard, non-skid
pavement without curbs are necessary.

CRITERION MAIN ROUTE LOCAL
ROUTE
Average Chance | 1 Stop/2 km 1 Stop/km
of aStop

Safety:  The hicyclist's chance of confrontation with
motorized and other traffic should be minimized. Motor vehicle
traffic speeds and volumes and other factors are key in deciding
thedegree of separation or mixingwith vehicletraffic. Sufficient
width on separate paths, sufficient sight distances and safe
crossing points where delay to bicyclists is minimized are
essential.

3-2.02 Inventory Existing System

Both the existing roadway system and any existing bicycle
facilities should be evaluated. The condition, location, and use
levels of existing bicycle facilities should be recorded to
determine if they warrant incorporation or removal. If the
existing bicyclefacilities are to be used as the nucleus of anew
or expanded network, the inventory should note improvements
necessary to bring the entire new network up to uniform design
and operation standards.

The inventory of the roadway system should extend to the
local collector road classification. A simple inventory could be
based on a map of the Average Daily Traffic (ADT) counts,
especially at peak travel times, on each road segment within a
community or region. A more detailed inventory could include
factors such asthe number of traffic lanes, busroutes, the width
of the outside lane, the actual average operating speed or the
posted speed limit, the pavement condition, accident data, rights-
of-way widths, major barriers, other linear corridors, on-street
vehicular parking, frequency of stop signs and signals, and
certain geometric factors (e.g., the frequency of commercial
driveways, grades, and railroad crossings).

3-2.03 Identify Bicycle Travel Corridors

Predicting bicycle travel corridors for a community is not
the same as identifying the routes that bicyclists currently use.
Instead, travel corridors can be thought of as "desire lines'
connecting neighborhoods that generate bicycling trips with
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other zones that attract a significant number of bicycling trips.
The actual travel patterns of bicyclists are influenced by their
perception of the bicycling environment. Uncomfortable or
threatening bicycling conditions will cause bicyclists to alter
route choice from their most preferred alignment, choose a
different travel mode, or not make the trip at all. Thus, the task
of the transportation planner isto ask, "Where are the bicyclists
now?" and "Where would they be if they could go where they
preferred?”

Most adultshave amental map of their community based on
their experience asdrivers. Thus, they tend to orient themselves
by the location of major streets and highways. People driving
bikes want to go to the same places they do in cars (within the
constraints imposed by distance), and the existing system of
streets and highways reflects the existing travel demands of the
community.

Most peak morning trips are made between residential
neighborhoods and child care and employment centers. In the
evening peak, the opposite is true. In the evening or on
weekends, the pattern of trip generation is much more dispersed
as people travel to shopping centers, parks, and the homes of
friends or relatives.

Estimating these trip flows for an entire city can be a
complex, time-consuming effort requiring significant amounts
of dataand computer models. Many metropolitan areashavethis
information available. Bicycletrip flows based on land use can
be estimated in the same way, recognizing the limits to bicycle
trips of length or time. Bicycle trip lengths of 3 km could be
considered optimal with amaximum trip length of 8 kmtypical.
Longer trips should be facilitated by providing adequately
marked interconnections between routes.

For those areas without modeling capability, estimating
baselinebicycletrip flows between existing and future land uses
(assuming that many existing impediments to bicycle use are
removed) can be based on the pattern of motor vehicle flows.
The simplest way is to multiply the Average Daily Traffic
(ADT) of each segment of the road system by the bicycle mode
split (the percentage of all tripsthat are made by bicycle) for the
community or region. The 1990 census provides bicycle mode
splits for census tracts and entire communities. Mode split
estimatesof total tripsby bicyclein American citieshaveranged
between 3 and 11 percent.

Other sourcesof information on bicycledesirelinesinclude
surveys of households to determine current routes used and
desired routes; bike shops and clubs can often provide practical
information on bicycle route use and desires.

Although thisuse of existing traffic flowsisauseful overal
predictor of bicyclists desirelines, afew special situations may
require adjustments to the corridor map:

Schools, especially collegesand universities, military bases,
and high-density residential areas can generate a

disproportionately large share of bicycletrips. Thisisespecially
true for campuses and other areas where motor vehicle parking
islimited.

Parks, beaches, libraries, greenways, river and lakesidesand
other recreational facilities attract a proportionately higher
percentage of bicycle trips.

3-2.04 Evaluateand Select Specific Route Alternatives

The corridor identification procedureidentifies desirelines
for bicycle travel between variouslocations. The next stepisto
select specific routeswithin these corridorsthat can be designed
or adapted to accommodate all bicyclists and provide access to
and from these locations. The aim is to first identify the main
routes that best meet the performance criteria established in the
first step of thisplanning process. Involve community residents
to identify and select aternatives.

Typicaly, this step and the selection of appropriate design
treatments are an interactive process. The practicality of
adapting a particular route to accommodate bicyclists may vary
widely depending upon the type of design treatment selected.
For example, aless direct route may become the best option if
comparatively few, inexpensive, and easily implemented design
improvements are required.

Steps 4 and 5 can be approached as an iterative loop in
which both route selection and design treatment are considered
together to achieve anetwork that is highly advantageousto the
user, is affordable, has few negative impacts on neighbors and
non-users, and can be readily implemented.

In summary, the selection of a specific route aternativeis
afunction of several factors, including:

»  Thedegreeto which aspecific route meetsthe needs of
the anticipated users as opposed to other route options.

» The degree to which the route alternatives meet the
classification and performance criteria described in
Step 1.

» Thepossiblecost and extent of construction requiredto
implement the proposed bicycle facility treatment.

e The comparative ease of doing the proposed design
treatment.

» The opportunity to implement the proposed design
treatment in conjunction with a planned roadway
construction or reconstruction project.

3-2.05 Design Treatments

3-2.05.01 Select Appropriate Facility Options

The principal variables affecting the applicability of afacility
option are:
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The Design Bicyclist. The proposed route is intended
to serve as part of a network of routes for al bicyclists. Non-
network routes are projected to be used primarily by
Experienced Bicyclists.

Thetype of roadway project involved on the selected route.
Isthe roadway scheduled for construction or reconstruction, or
will theincorporation of designimprovementsberetrofitted into
existing geometrics or right-of-way widths?

Traffic operation factors. Many of the traffic operations
factors used for determining the most appropriate facility type
are listed below. Application of the factors must be carefully
studied, taking into account conditions such as:

e Traffic volume

»  85th percentile motor vehicle operating speeds (not the
posted speed)

e Traffic mix

e Presence and type of motor vehicle parking

»  Sight distance and design geometrics

*  Number and types of intersections, and entrances

e Turning movements

*  Frequency of stopsrequired by signals and stop signs
¢ Busstops

e Functiona classification (Roadway and Bicycle
Network)

* Available space

¢ One-way vs. two-way Traffic Flow

* Likeihood for Multiple Use of aPath

* Bikeway Design Coherence and Continuity
e Loca Maintenance and Climate Conditions
e Bicycle Parking Security and Numbers

Bicycle and pedestrian traffic along high-speed (>70 km/h)
main roads and highways, especially in urbanized areas, is best
separated from motor vehicletraffic. Thiscan be done by apath
raised from the traveled way with a curb, or with a path
separated from theroad by abarrier, dividing strip or separation
space. Bicycle traffic may also travel on a shoulder. However,
the bicycle path should be one-way and shall travel in the same
direction as adjacent vehicular traffic.

Two-way paths located immediately adjacent to roadway
traveled ways or shoulders should have some kind of separation
or barrier. Two-way bike lanes with bicycle traffic traveling

against the flow of the adjacent vehicular lane should also have
a separation or barrier. If two-way bicycle lanes are located
between parking and the curb, bicycle traffic in the bike lane
nearest the parked vehicles should travel against the direction of
adjacent parked vehicles. Along main streetsindowntown areas,
a route with a curb raised from the roadway is also possible.
Maintaining smooth transition between pavementsis critical.

On aroad with the 85th percentile speed > 50 km/h and
motorized traffic volume > 10 000 ADT, use bicycle laneswith
caution. It may be difficult for Average Bicyclists to leave the
bicyclelanebecause of the number of motor vehicles, especially
as speeds become higher.

On aroad with many sideroadswith volumes> 1500 ADT
or siteaccesses, pathslose some of their benefits: the comfort of
uninterrupted cyclingisnullified through bicyclistshaving to be
alert at successive intersections. This does not apply as much
when crossing small residential streets with volumes < 500
ADT. Intermediate volumes, between 500 to 1500 ADT, are
more significant and require careful assessment of local
conditions to determine the appropriateness of paths.

On one-way streets where bicycling is permitted in the
opposite direction, contra-flow lanes or paths should be
physically separated.

The above criteria may imply either the construction of a
path or changing the composition of the traffic flow. Calming
motor vehicletraffic speedsor volumesal ong with other options
asdiscussedin Design Optionsto be Considered in Selecting the
Appropriate Treatment in Chapter 4 may be utilized.

3-2.05.03 Factors Used to Determine Grade

Separations (Tunnels and Bridges)

Conditionsto consider when determining theneed for grade
separated crossings for bicycle facilities are much the same as
for the previous section. The objectives of designing and
constructing grade separations are to avoid motor vehicle
intersection conflicts or avoid excessive grades. In addition to
thefactorslistedin Section 3-2.05.01 above, the designer should
also consider the following:

»  Number of Lanesto be Crossed (cross-section)
» Design Bicyclist

» Approach Grade

« Destinations

e Design of Turning Movements

e Primary Path Function

e Approaching Path Design

» Impact of bicycletraffic on vehicular traffic

See Table 5-14.0A, Choice of Intersection Type, Section
5-14.02.
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3-2.06 Evaluate the Finished Network Plan Using the
Established Performance Criteria

Will the proposed network meet the criteria established at
the start of the planning process? If it does not meet most of
these criteria, or inadequately meets afew critical goals, either
the proposal will require further work, or the performance
criteriamust be modified. In thelatter case, the planning process
as a whole should be reviewed to determine if previously
discarded routesshould bereconsidered. They may now bemore
preferred optionsin light of the newly modified criteria.

This reality check is important. Many well considered
proposals flounder when it is determined that the finished
product no longer meets its established objectives.

3-2.07 Bicycle Parking and Security

Providing secure bicycle parking facilities is essential to
promotebicycling. Peoplearediscouraged frombicycling unless
adequate parking is available. Bicycle parking facilities should
be provided at both the trip origin and trip destination and
should offer protection from theft and damage. See Chapter 8.
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Chapter Four
ON-ROAD DESIGNS

4-1.0 Genea

Bicycle travel shall normally be in the same direction as
adjacent motor vehicle traffic to comply with the Uniform
Vehicle Code. This section provides guidelines to select
roadway design options to accommodate bicycles. Specific
dimensions are suggested for the width of the recommended
facility type. The joint between the gutter and roadway surface
can be hazardous to a cyclist. Consider this when designing
facilities that include curb and gutter. These guidelines reflect
the current state of the practicein the design of bicycle-friendly
roadways. Users of this manual are encouraged to treat these as
"guidelines’ rather than absolute standards.

4-2.0 Typesof Facilities

Six types of on-road facilities are used to accommodate
bicycle traffic: 1. Bicycle Lanes, 2. Combination Bus/Bicycle
Lanes, 3. Shared Lanes, 4. Wide Curb or Wide Outside Lanes,
5. Shoulders, 6. Traffic Calmed-Roadways

4-2.0 BicycleLanes

Bicyclelanesareusually one-way facilitiescarryingbicycle
traffic in the same direction as adjacent motor vehicle traffic,
and are not located between parking spaces and the curb.
Minimumwidth for aone-way bicyclelaneis1.2m. Wherecurb
and gutter is present the minimum width should be 1.5 m; a
minimum of 1.2 m should lay to the left of the gutter pan seam.

Two-way bicycle lanes located on one side of a roadway
tend to promote bicycle travel against the flow of motor vehicle
traffic. Two-way bicycle lanes should only be used for short
connections between paths or main routes under the following
conditions; 1. on one-way roads where the bike lane nearest
motor vehicles travels the same direction as motor vehicle
traffic, 2. intersecting roadsare one-way, 3. minimal crosstraffic
and intersections are controlled, 4. no parking is allowed along
the bikelane and thereis adequate intersection sight distance, 5.
no turns on red allowed.

Research indicates that bicycle lanes have a strong
channelizing effect on motor vehiclesand bicycles. Bicyclelane
stripes canincrease bicyclists' confidence that motoristswill not
stray into their path of travel if they remain in the bicycle lane.
Especially for Average Bicyclists, hicycle lanes offer a
designated and visible space for bicyclists and can be a

significant factor in route choice. Some information indicates
that when average daily traffic flows exceed 10 000 or average
motor vehicle speeds exceed 50 km/h, 1.8 m bicycle lanes may
attract Average Bicyclists better than wide outside lanes.
However, caution should be used when considering bicycle
lanes for Average Bicyclists in these traffic conditions.

Important factors in the use of bicycle lanes include on-
street parking and the number and complexity of intersections.
Parking movements and car door openings have the potential to
cause crashes, so design hicycle lanes to minimize these
conflicts. On streets with parking lanes, bicyclelanes should be
at least 1.5 m wide and placed between the motor vehicle lane
and the parking lane. Mark both sides of the bicycle lane.
Bicycle lanes are not recommended with angled parking. See
Figure4-2.0A.

Bicycle lanes can complicate turning movements at
intersections. They can encourage bicyclists to keep right and
motorists to keep left, regardless of their intentions. Bicyclists
weaving | eft from abicyclelane and motoristsweaving right are
both maneuvering contrary to the usua rules of the road.
Pavement markings may address this by various striping
methods.

4-2.02 Bicycles, Busesand Combination Bus/Bike Lanes

Bus/bike lanes are usually designed and designated for the
exclusive use of buses, bicycles and right-turning vehicles.
Becausebicyclesgenerally travel at slow speedsand busesmake
frequent stops, these lanes can often function without impeding
traffic flow. Generally, the bicyclist will overtake astopped bus
on the left, as passing on the right invites conflict with entering
and exiting bus passengers. Depending on traffic conditions,
bus/bikelanes are sometimes closed to other traffic during peak
hours and opened in those hours when fewer bicyclists and
busesare present. Right-turning vehicles are often only allowed
in the lane when within 25 m of an intersection.

Themixing of bicycleand bustraffic in abus/bike lane may
be particularly acceptableif bus speeds are low, preferably less
than 30 km/h.

Two-way bicycle traffic may be acceptable on bus routes
with two-way traffic if bus speeds and volumes are low. If
speedsand volumes do not meet the above conditions, bikelanes
or paths should be used for bicycle traffic.

A one-way bus lane is generaly too narrow to allow two-
way hicycletraffic. Bicyclelanes or paths should be added next
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Typical Roadwayswith Bike Lanes

Figure4-2.0A

toaone-way buslaneto allow for two-way bicycletraffic. If bus
speedsand volumesarelow, onedirection of bicycletraffic may
be accommodated in the bus lane and the other direction of
bicycle traffic in abike lane.

If thebus/bikelanebeginsimmediately after anintersection,
pavement approach markings should be positioned before the
intersection and measures taken to prevent motorists from
entering the lane.

With speed limits of 50 km/h or greater mixing of bicycle
and bus traffic in bike/bus lanes is not desirable. Separation of
traffic using bike lanes or pathsis desirable. Bike paths should
be constructed along fast, direct bus lanes. Paths are also
desirable along busy school bus routes.

Bike lanes should be striped so that bicycletraffic isrouted
on the left side of stopped buses. On one-way streets a bicycle
lane may be located on the left side of the street to reduce
conflicts with buses.

4-2.03 Shared Lanes

Shared lanes are streets and highways with no special
provision for bicyclists. Shared lanes often feature 3.6 m lane
widthsor lesswith no shoulders, allowing carsto passbicyclists
only by crossing the center line or moving into another traffic
lane. Inresidential areaswith low motor vehicle traffic volumes
and average speeds of less than 40 km/h, they are normally
adequate for bicyclists to use. With higher speeds and traffic
volumes, shared lanes become less attractive to Average
Bicyclists.

Shared lanes are not typically signed for bicyclists.
Exceptions include when specific destinations or potential
aternate routes for bicyclists need to be shown or when a gap
exists between facilities such as between two paths, and
bicyclists require signing to lead them to the next facility. See
Figure 4-2.0B.

NO FARKING

WITH PARKING

, B I - N e N SR

=36 m

= 346 m

NO PARKING

Typical Roadwayswith Shared Lanes

Figure4-2.0B
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4-2.04 Wide Curb or Wide Outside Lanes

Widecurb lanes, or wide outside lanes, are the rightmost,
through traffic lanes that are substantially wider than 3.6 m.
Wide curb or outside lanes are favored by Experienced
Bicyclists who are not easily intimidated by high traffic
volumesand speeds. However, for Average Riders, widecurb
or outside lanes generally do not provide the same degree of
comfort and safety and will do little to encourage them to
bicycle. Wide curblanes minimizeboth thereal and perceived
operating confli ctsbetween bi cyclesand motor vehicles. They
can also increase the roadway capacity by the number of
bicyclists capable of being accommodated.

Most practitioners agree that 4.2 m, usually measured
from the lane stripe to the edge of the gutter pan, rather than
the curb face, is the minimum space necessary to allow a
bicyclist and motorist to share the same space without coming
into conflict, changing lanes, or potentially reducing themotor
vehicle capacity of the lane. Where traffic speeds exceed 60
km/h, and when annual average daily traffic exceeds 10,000,
4.5 mwidthsaredesirable. 4.8 m widths may be used, but use
4.8 m widths with caution because motorists may use this
spaceastwo lanes. Where pavement widthsare> 3.6 m, stripe
3.6 m lane widths for motor vehicle traffic. See Figure
4-2.0C.

4-2.05 Shoulders

Shoulders 1.2 mwide are considered the minimum width
to accommaodate bicycle traffic. Experienced (and even some
Average Bicyclists) will benefit from shoulder widths as
narrow as 0.3 to 0.6 m, but these facilities should not be
signed for bicyclists. As traffic speeds increase, traffic mix
includes heavier vehiclesand trucks, and traffic volumesrise,
shoulder width > 1.2 misdesirable (see Table 4-6.0B). Give
additional attention to accommodate bicycle traffic on
controlled-access and freeway shoulders where such use
provides the only crossing of ariver, lake, freeway or other
barrier.

=8, _

'

Bikelanesare usually preferred to shouldersby Average
Bicyclists;, wide curb lanes are usualy preferred by
Experienced Bicyclists. One exception is high-speed urban
arterials more than 80 km/h where 1.8 m shoulders will serve
Experienced Bicyclists better than wide curb lanes. Bike
lanes, if used along these routes, should also be 1.8 m wide.
Inrural areas, paved shoulders may accommodate both types
of bicyclists. See Figure 4-2.0D.

Avoid surface irregularities, such as rumble strips,
textured paving, and raised lane markers and reflectors on
routes intended for bicyclists. Shoulder rumble strips are
typically located from 0.15 to 0.3 m from the road edge and
typically 0.6 m wide. Where shoulder rumble strips are
necessary, pave shoulders wide enough (2.4 m min.) to leave
at least 1.5 m of the smooth shoulder surface for bicyclists.

4-2.06 Traffic-Calmed Roadways

Traffic-caAlmed roadways (typicaly urban loca or
collectors) are often used as routes in bicycle and pedestrian
networks. Widespread neighborhood traffic calming aims to
reduce the dominance and speed of motor vehicles. Measures
employed to achieve this include physical changes in road
alignment and grade and changesin priority. L ow speed zones
may be introduced along with a package of these physical
changes.

Inareasof traffic calmingitisrareto seespecial facilities
for bicyclistsbecause many of the benefits of traffic calming--
slower vehiclespeeds, better driver discipline, lesstraffic, and
environmental improvements--directly benefit bicyclists,
especialy Average Bicyclists. Benefits attributed to traffic
calming include an average one-third reduction in road
accidents, agreater feeling of security among vulnerableroad
users and environmental improvements through landscaping
and areduction in the presence of motor vehicles.

S i

Typical Roadwayswith Wide Curb Lanes

Figure 4-2.0C
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Typical Roadwayswith Shoulders

Figure 4-2.0D

4-3.0 Designating Bicycle Facilities

An important consideration regarding the six types of
facilitiesdesignsis whether or not they should be designated by
pavement markings and/or signs as bicycle facilities. As
discussed in Chapter 1, Average Bicyclists often prefer
designated facilities for bicycle use. Therefore, when facilities
are provided to serve Average Bicyclists, some designation
should be considered. When design options are provided
primarily to serve Experienced Bicyclists, designation is often
optional. In some cases, it may be more desirable not to
designate the facility for bicycle use.

Another considerationinvolvesminor or marginal roadway
improvementsfor bicyclists, such asstriping anarrow (lessthan
1.2 m) shoulder. This can significantly improve riding
conditionsfor Experienced Bicyclists and should be considered
if no better treatment is possible. However, if thiswidth isless
than the minimum caled for in virtually al design
specifications, theroadway should not bedesignated asabicycle
facility. Where a facility is intended to be designated as a
"bicycle facility" it is essential the design conform to these
guidelines or the AASHTO Guide to the Development of
Bicycle Facilities 1991 guidelines.

4-4.0 Preparingto Select a Design Option

To determine the appropriate roadway design option to
accommodate bicyclists, several factors associated with the
specific route or project must be assessed:

*  What kinds of bicyclistsisthe route intended to serve?

e What type of roadway project is involved (new
construction, reconstruction, or retrofit)?

e What are the current and anticipated traffic operations and
design characteristics of theroutethat will affect the choice
of abicycle design treatment?

4-401 What Types of Bicyclistsisthe Route Most Likely
to Serve?

These guidelines take their lead from the AASHTO Guide
to the Development of Bicycle Facilities 1991, which states:

"Tovarying extents, bicycleswill beridden onall highways
wherethey arepermitted. All new highways, except thosewhere
bicyclists will be legally prohibited, should be designed and
constructed under the assumption that they will be used as a
bicycle street.”

Because use by Average Bicyclists is likely and is
encouraged, the tables recommending design treatments for
Average Bicyclists should be used. The Average Bicyclists
design treatments will aso accommodate Experienced
Bicyclists. Where a planning process has determined a given
route, the best choice to form part of a bikeway network the
recommended design treatment appropriate to Average
Bicyclistsshould beimplemented. Non-bikeway network streets
and highways open to bicycle use desirably incorporate the
design treatmentsrecommended for Experienced Bicyclistsand
may incorporate those for Average Bicyclists.

4-4.02 New Construction, Reconstruction and Retr ofitting

Therecommended designtreatmentsin Tables4-6.0A & B
are most easily implemented when new construction or
reconstruction is planned. It is a relatively straightforward
processto adapt the specified designtreatment for bicyclesat the
project planning stage.

When implementation involves retrofitting an existing
roadway to accommodate bicycle use, the project can be more
complex. Existing streets built with curb and gutter section
design will often be viewed as having a fixed width and
improvements will likely be limited to "moving paint," that is,
restriping the existing lanes.
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Whenworking with existing streetsand highways, planners
should investigate making at least minor or margina
improvements. However, where the need is to serve Average
Bicyclists, it is essential to commit the resources necessary to
providefacilitiesthat meet the recommended design treatments.
Only then can routes and facilities be designated for bicyclists
and provide the desired access to the community.

4-4.03 Design Options to be Considered in Selecting the
Appropriate Treatment

Safely accommodating bicyclists on urban roadways may
require efficient use of space within existing rights-of-way.
Thereare anumber of waysto more efficiently useright-of-way
space in order to safely accommodate bicyclists (and
pedestrians). The best options depend on the operating
characteristics of the road space, the context of the urban area,
and the most appropriate bikeway treatment. These options also
apply when considering the inclusion of a separate path in an
urban area.

Optionsfor efficiently accommodating bikeway treatments
may include the following: changing travel lane widths,
changing the number of travel lanes, removing obstructions,
changing parking amounts or arrangements and traffic calming.
It is important to use good judgment in applying these design
options which are within Mn/DOT standards.

1. Changing travel lane widths. In speed zones of 40
km/h, travel lane widths of 3 - 3.2 m may be
acceptable. In zones of 50-60 km/h, 3.3 m travel lanes
and 3.6 m center turn lanes may be acceptable. In zones
of 70 km/h or greater, 3.6 m outside travel lanes and
4.2 m center turn lanes are desirable.

2. Changing the number of travel lanes. Many one-way
couplets were originaly two-way streets. Study can
determineif thishasresulted in an excessive number of
travel lanes in one direction. On two-way streets with
four travel lanes and a significant number of left-turn
movements, restriping for acenter turn lane, two travel
lanes and two bike or wide curb lanes may actualy
improve traffic flow.

3. Removing obstructions. Paved or landscaped traffic
islands often reduce available roadway space. If not
needed for access control, traffic caming, or as
refuges, eliminating, narrowing or replacing raised
islands with pavement markings may add increased
useable width. Relocating utility poles and light
standards, parking meters, signs, guardrails and other
obstructions away from the edge of the roadway may
also increase useable width.

4, Changing parking amounts or _arrangements.
Removing parking does not always improve safety; in

somelocationsit may actually decrease safety. Careful
study is needed before making changes regarding
parking. This may include counting the number of
businesses/residences, the availability of both on- and
off-street parking and counting the average use of this
parking.

Assessing traffic operational and other factors may
result in proposing parking alternatives such as:

. Rearranging, reducing or eliminating parking
on one or both sides of the street.

. Allowing parking for church or school
activities on adjacent lots during services or
specia events.

. Sharing use by businesses and residences.

. Construction of special parking spaces or

bays for residences or businesses with no
other options.

Remova of al on-street parking is often not
acceptable. Other options may be pursued including:

A. Parking can be narrowed to a minimum 2.10
m, particularly inareaswith low truck parking
volumes.

B. Remove parking on one side only. In some

cases parking may be needed on onesideonly
to accommodate businesses and residences.

C. Change from diagonal to parallel parking.
Diagonal parking takes up a great amount of
street width and can often be hazardous.
Changing to parallel parking often reduces
street width availability by lessthan one-half;
however, on one-way streets, changing to
paralel parking on one side increases
availability by one-fourth.

D. Prohibit parking by employees. Thiscan aso
help increase the number of available spaces
for customers, even if the total number of
spaces is reduced.

Traffic calming the street and considering above
aternatives. On streets with restricted space and
appropriate traffic operation factors, traffic calming
techniques by themselves or combined with other
aternatives may be the most effective option to safely
accommaodate bicyclistsand pedestrians. It also hasthe
benefit of increasing overal traffic safety and
improving the quality of the street environment.
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4-50 Traffic Operations and Design Factors Used In

Determining the Appropriate Design Treatment

Six factors are most often cited by transportation planners
and engineers; five are used to define the recommendations
contained in Tables 4-6.0A and Table 4-6.0B..

Each of these factors is discussed below along with the
ranges of values used to differentiatelevels of needs. Thetables
should be used as a "guide" and adjustments be considered to
reflect, for instance, different values for the ranges for average
daily traffic volume (ADT).

The six mgjor factors are as follows:

Traffic volume. Higher motor vehicle traffic volumes
represent greater potential risk for bicyclists and the more
frequent overtaking situations are less comfortable for
Average Bicyclists unless special design trestments are
provided.

85th Percentile motor vehicle operating speed. Operating
speed is more important than the posted speed limit and
better reflects local conditions. Motor vehicle speed has a
negative impact on risk and comfort unless mitigated by
design treatments.

Traffic mix. The regular presence of trucks, buses, and/or
recreationvehicles(i.e., at approximately 40 km/h or more)
may increase risk and have a negative impact on comfort
for bicyclists. At high speeds, the wind blast from such
vehicles may create a serious risk of falls. Even at lower
operating speeds, shared lane use is less compatible. All
types of bicyclists prefer extra roadway width or separate
facilities to accommodate greater separation from such
vehicles. Many bicyclists will choose a different route or
not ride at al where there is a regular presence of such
traffic unless they are able to remove themselves several
meters from motor vehicles. The recommendations
contained in the tables suggest different design options and
widths that take into account the presence and volume of
trucks, buses and/or recreational vehicles.

On-street parking. The presence of on-street parking
increases the width needed in the adjacent travel lane or
bike lane to accommodate bicycles. This is primarily a
concern associated with streets and highways built with
using urban design. It isaddressed in the recommendations
by including a note for urban sections with on-street
parking.

Sight distance. "Inadequate sight distance’ relates to
situations where bicycles are being overtaken by motor
vehicles and/or where the sight distance is likely less than
that needed for a motor vehicle operator to either change
lane positionsor slow to the bicyclist’s speed. Thisproblem
isassociated with rural highways, and urban streets having
sight distance problems due to poor design and/or visual
obstructions.

The most effective responseto the problem isto correct it.
Providing for bicycle operation to the right of the
designated motor vehicle lane (i.e., on a bike lane or
shoulder) or, at speeds greater than 50 km/h, by adding
extra delineated width to a wide outside lane, are viable
approaches. Thetablestake these and other approachesinto
account.

Number of intersections. Intersections and commercial
entrances pose special challenges to bicycle and motor
vehicleoperators, especially whenbicyclelanesor pathsare
introduced. The greater the number of intersections and
commercial entrances per kilometer, the greater the
potential number of encounters and conflicts.

While not included as a selection factor in the tables, the
number and/or frequency of intersections should be
considered when assessing the use of bike lanes. Thereis
some evidence to suggest that the disruption in traffic
operations associated with bike lanes is temporary. Over
time, both bicyclists and motorists adapt to the new traffic
patterns, learning to look for each other and make merges
prior to intersections and commercial entrances.

4-6.0 Using the Tablesto Determine the Recommended

Option

Recommended roadway design options and widths to
accommodate Average Bicyclists are presented in Tables 4-
6.0A and Table 4-6.0B. There are separate tables for the two
basic types of roadway sections: urban (with curb and gutter)
and rural (without curb and gutter). Separate tablesare provided
for roadways with urban sections with on-street parking and
without on-street parking.

[Note: Controlled access freeways are considered a special
case and are not addressed by the tables. Currently (1995)
Minnesota does not allow bicyclists to operate on the shoulder
of controlled-accessfreeways. Controlled-accessfreeway right-
of-way also have been used for separate paths.]

The tables indicate the recommended design option given
various sets of traffic operations and design factors. The
recommended dimensions should be considered as "desirable
widths." Any option specificaly designated for bicycle use
should desirably meet the design guidelines presented here or at
a minimum the guidelines in the AASHTO Guide for the
Development of Bicycle Facilities 1991.

4-7.0 Traffic-calmed Roadways

Traffic calming employs a variety of techniques to reduce
the dominance and speed of motor vehicles. In addition to
making traffic- calmed roads safer, slower vehicle speeds may
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create better driver discipline and reduce fuel consumption,
vehicle emissions, and noise levels.

Traffic caming is typically used on residential streets but
may apply to other roads based on the functional classification
and use. Techniques applicable to main urban thoroughfares
generaly differ from those employed in minor residential
streets. A greater variety of features have been developed for
minor roads where stricter speed controls and reduced capacity
won't create undue delay.

Care should betaken to ensure bicyclist and motorist safety
when considering types of traffic caming. Bicyclists are
susceptible to changes in surface height and texture or
unexpected road narrowing. A design balance should be
maintained whereby bicycliststraveling through traffic-calmed
areas are able to maintain their momentum while not
endangering other users, and at the same time, not be
encumbered by speed-reducing measureswhich may discourage
the use of those aress.

Table 4-6.0A

Roadway Design Optionsfor Average Bicyclist, Urban Sections*

Motor Vehicle AADT/lane less than 250 - 500 500-1000 1000 - 2500 2500 - 5000 5000 and
250 above
Motor Vehicle AADT less than 500- 1000 | 1000-2000 | 2000 - 5000 5000 - 10000 10000 and
(2lane) 500 above
Motor Vehicle AADT N/A N/A 2000 - 4000 | 4000 - 10000 | 10000 - 20000 20000 and
(4 lane) above
Peak Hour Volume/lane less than 22 22-44 44 - 88 88 - 220 220 - 440 440 and above
Avg. Peak Hour Headway/ |ane (sec) more than 164 164 - 82 82-44 44 - 16 16-8 lessthan 8
Average | 0-30km/h S| S| S| S| S| N/A
Motor
Vehicle (0 - 19 mph)
Operating | 30 - 50 km/h s wc=42m [ wc=42m | wc=42m bl=15m bl=15m
Speed (20 - 31 mph)
50 - 70 km/h wc=42m bl=15m bl=15m bl=15m bl =1.8m bl=1.8m
(32 - 43 mph)
Over 70 km/h bl=15m bl=15m bl=15m bl =1.8m bl =1.8m bl=1.8mor
b
(over 43 mph) P

KEY: 0.305m =1 ft. d = shared lane, wc = wide curb lane width, bl = bike lane width, bp = off road bike path

*  When parking exists, bike lanes should be placed no closer than 3.0 m from the curb face such that a clear zone of approximately
1.0 m should exist between bikelane and parked vehicle. Bikelanesarenot applicableon roadswith parking and speed exceeding

80 km/h.
Table 4-6.0B
Roadway Design Optionsfor Average Bicyclist, Rural Sections
Motor Vehicle AADT/lane L ess than 1000* 1000 - 2500 2500 - 5000 5000 and above
Average Motor 0-50km/h sh=12m sh=12m sh=12m sh=12m
Vehicle Operating | (0 - 30 mph)
Speed 50 - 60 km/h sh=12m sh=1.8m sh=1.8m sh=1.8m
(30 - 36 mph)
60 - 70 km/h sh=1.8m sh=1.8m sh=1.8m sh=1.8m
(36 - 43 mph)
over 70 km/h sh=1.8m sh=1.8m sh=24m sh=24m
(over 43 mph)

KEY: sh = shoulder width

*  When AADT is less than 500, shoulders are not a necessity unless the roadway is heavily used by trucks or heavy

commercial vehicles.
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Genera Design Guidelines

1) Provide bicyclists with aternative bypasses
(minimum width 0.7 m, 1.0 m desirable) around
physical obstacles such as chicanes or ramps.

2) Where roads are narrowed as a speed control
measure, consideration should be given to how
bicyclists and motorists can share the remaining
space.

3) Surface materials should have good skid resistance.
Textured areas should not be so rough as to create
instability for bicyclists.

4) Smooth transition on entry and exit slopes on raised
surfaces, with clear indication and transition
gradients of no more than 1:6.

5) Design should take into consideration any overall
gradients, noting that bicyclists are likely to
approach them at different speeds uphill and
downhill.

6) Appropriate signing can be combined with public
awareness campaignsto remind drivers about traffic
calmed areas.

4-7.01 Speed Humps

Speed humps are probably the most widely used measure
intraffic calming. They are generally rai sed to about the same
height as adjacent curbsand can beround or flat-topped. They
extend from curb to curb or may be cut back at the curb with
tapered ends to facilitate drainage and to allow bicyclists to
bypass them. The most effective height from atraffic control
standpoint is between 50-100 mm. There is a danger that
hump gradients that are too steep will discourage bicyclists,
who may choose main roads or pedestrian sidewalks. Speed
humps located too near an intersection may be dangerous to
bicyclistsbecausethey may not beinan upright positionwhen
encountering the hump. Bicyclist bypasses of speed humps
may also be created at pedestrian crossings by inserting
medians to separate motor vehicle and bicycle traffic.

4-7.02 Chicanes

Chicanes are created by the placement of physica
obstacles or parking bays staggered on opposite sides of the
road, making for a more "tortuous route." By narrowing the
road, sight lines are reduced. This has generally proven
successful in encouraging lower speedsand deterring through
traffic. However, bicyclists sometimes feel squeezed when

being overtaken by a motor vehicle on the passage through a
chicane. Also, recklessdrivers sometimesview chicanesasan
obstacle course. When chicanes located on two-way streets
are combined with angled parking, maneuvering motorists
pose athreat to bicyclists. One-way streets are safer because
motorists can see pedestrians emerging from between parked
cars. Inorder for chicanesto both quiet traffic and still be safe
for bicycling, bicyclists should be able to bypass them. This
isfacilitated by pavement markings and appropriate signing.

4-7.03 Pinch Points

Pinch pointsare used to narrow two-laneroadsto asingle
lane over a short distance and can be found in conjunction
with araised pedestrian crossing. When used in conjunction
with a raised pedestrian crossing, pinch points have been
found to successfully reduce traffic speeds and through
movements. However, when used alone, bicyclists have felt
squeezed as they are overtaken at the pinch point. Average
Bicyclists may lack the confidence to position themselvesin
the middle of the road to prevent this. Where it is expected
that motorists should be able to pass bicyclists, the minimum
desirable width is 4.2 m. Where bicycle flows are high, a
separate right of way should be placed in the form of a not-
quite-central refuge. Signing and a textured surface may be
used to emphasi ze pedestrian crossing movement. Thesurface
helps to impress upon motorists that lower speeds are
intended.

4-7.04 Curb Extensions

Curb extensionsinvolve the widening of the sidewalk on
one or both sides of the road. They serve to reduce crossing
distances for pedestrians. When placed near an intersection,
they tend to tighten turning radii and lessen vehicle speeds
while preventing vehicles from parking too close to the
intersection. They have aparticular valuein sheltering parked
vehiclesand ensuring that apedestrian’s view of approaching
motor vehicles and bicyclistsis not obstructed.

4-7.05 Mini Round-a-bouts

Mini-roundabouts, when signed and clearly visible, may
be effectively used to slow vehicle speeds. Their design
should ensure that bicyclists are not squeezed by other
vehicles negotiating the feature, yet adequate deflection
should be incorporated on each approach to enforce
appropriate entry speeds for vehicles.

4-7.06 SurfaceAlterations

Surfacealterationsat sideroad junctionsinvolving raised
textured materials tend to give the impression of a calmed
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area. This encourages drivers to be more careful when
entering or leaving the side road. The effect is enhanced with
the addition of tight curb radii. Bicyclists however, may find
thisfeature to be uncomfortable or hazardous. Ramps should
smooth the transition where entry treatment resultsin surface
height differentials. Materials employed should have a good
skid resistance.

4-7.07 Environmental Road Closures

Environmental road closures generally occur in
residential areas and serve to remove through traffic or
undesirable maneuvers. Bicycle exemption should be
provided as such closures tend to force bicyclists onto busier
routes. Bicycle gaps should be designed to minimize the risk
of obstruction by parked vehicles. Painting a bicycle symbol
on the road in front of the bicycle gap has proved effective.
Bollardsmay be placed to reduce theincidence of obstruction.
Care must be taken to ensure that these are visible at night.
Signing may acknowledgethecontinued existenceof theroute
as athrough route for bicyclists.

4-7.08 Plugged, or No-entry Calming

Plugged, or no-entry calming, involves barring access to
motor vehicles on one end of aroad while maintaining atwo-
way flow available to bicyclists and pedestrians. This
technique successfully reduces vehicle through traffic while
avoiding the possible increase in traffic speed that a
continuous one-way street can create. Thistechniqueis often
used in new housing developments incorporating courtyards
or cul-de-sacs to remove through traffic. Signing may be
necessary to indicate acontinued through route for bicyclists.

4-7.09 Rumble Strips (traffic calming)

Rumble strips (traveled way rumble strips are described
in Section 4-10.0) cause noise which may alert motor vehicle
drivers to traffic controls, etc. They have varied practical
effect on motor vehicle speeds. Rumble strips can be
uncomfortable and sometimes dangerousfor bicyclists. If the
use of rumble strips is necessary, provide a bypass or
sufficiently smooth surfaces for bicyclists.

4-7.10 TraverseBands

Transverse bands are painted yellow lines placed at
decreasing intervals. They give drivers the impression that
they are traveling with increasing speed so that they react by
slowing down. They have proved effective at reducing speeds
on the approach to a hazard (usually a junction) and have a
negligible effect on bicyclists. Care should be taken to ensure
that markings do not build up successive paint layers causing
ahazard for bicyclists.

4-8.0 BypassLanes

A bypass lane is an expanded area of roadway shoulder
which allowsfor vehiclesto bypass other vehicles attempting
left turns. They are typically found at intersections on rural
two-laneroads. Cars overtaking left turning vehiclesmoveto
their right, traveling on the bypass lane typically used by
bicycles. Additional 1.2 m of paved shoulder may be added to
the bypass lane.

The bypass lane should be clearly striped to ensure that
the motorist doesn't drift into the bicyclist’s path. Additional
shoulder width is desirable if the percentage of trucks, buses
and recreational vehiclesis high.

4-9.0 ClimbingLanes

A climbing laneisan additional uphill lanewhich allows
for vehicles to overtake those vehicles which are unable to
maintain satisfactory speeds. They are typically found where
long roadway grades occur, causing slow moving vehiclesto
moveto theright lane. A minimum 1.2 m paved shoul der may
be added next to the climbing lane for bicycle traffic.

Climbing lanes should be indicated to motorists and
bicyclists by appropriate signage. The shoulder edge as well
asthe climbing lane must be clearly marked to insure that the
motorist doesn’t move into the bicyclist’s path.

4-10.0 Rumble Strips

Rumbl estripsare bands of raised material or indentations
formed or grooved in the traveled way or along the shoulder.
They are intended to call the motorist's attention to standard
warning or regulatory devices or otherwise aert inattentive
drivers by transmitting sound and vibration through the
vehicle. There are two basic types-- traveled way rumble
strips located in the road way and shoulder rumble strips.

The safety of the bicyclist should be considered before
any work starts. Provisions should be made for bicyclists to
safely traverse through or around rumble strips. Potential for
mishap arises when the bicyclist contacts rumble strips or
attempts to avoid them by weaving. Care must be taken to
ensure a stable riding surface. Concave rumble strips tend to
fill with sand. Also, sand and debristend to gather along the
outside shoulder edge. These two factors work from both
sidesof the shoulder, narrowing the available bicycling space.

Full-width shoulder rumble strips should not be used
where bicyclists are permitted. The minimum shoulder width
for shoulders with rumble strips should be 2.4 m. Shoulder
rumble strips are located from 0.15 to 0.3 m from the road
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edge and typicaly 0.6 mwide. Thiswill leave approximately
1.5 m of available shoulder for the bicyclist.

4-11.0 Drainage and Drainage Grates

For bicycletravel, existingroadway drainageisnormally
adequate. However, on curb and gutter sections, a check of
ponding depths should be made where aproblem isidentified
and corrective action taken if depthsare significant. Thismay
entail improved drainage grates or wider lanes. Also,
pavement overlays should taper into drainage outlets and
manhole covers so they do not cause an abrupt edge. See
Figure 4-11.0A for arecommended cross section. Inlets and
manholes should be raised after a pavement overlay if too
much of adip is created.

When a new roadway is designed, all such grates and
covers should be kept out of the bicyclists' expected path.
Curb inlets are preferable to surface type inlets.

Drainage inlet grates on roadways shall have openings
narrow enough and short enough to assure bicycle tires will
not drop into the grates regardless of the direction of bicycle
travel. Parallel bar grates should bereplaced with bicycle safe
and hydraulically efficient grates. Pavement marking to
identify and warn about unsafe grates may be acceptable in
some situations. However, a paralel bar grate should be
replaced or physically corrected as soon as practicable after
identification. "Vane" type grates are preferable surface type
grates. See Mn/DOT Standard Plates 4151 and 4152 for
acceptable designs of grates. Where it is not immediately
feasible to replace existing grates with standard grates

designed for bicycles, 25 mm by 6 mm steel cross straps
should be welded to the grates at a spacing of 150 mm to 200
mm on center to reduce the size of the opening. This should
be considered a temporary correction; snow plows tend to
scrape off such straps.

4-12.0 Lighting

On shared roadways and those with bicycle lanes, the
area normally reserved for bicyclists may be illuminated in
accordancewith recommended designvaluesintheAASHTO
Guide "An International Guide for Roadway Lighting" and
ANSI/IES recommended practices. The lighting system as a
whole should provide adequate illumination along the entire
length and width of the bikeway, without variations in
luminous intensity to which bicyclists and motor vehicle
drivers might experience difficulty adjusting.

All preliminary roadway lighting designs should be
checked for conformance with illuminance requirements
prescribed for walkways adjacent to roadways and bicycle
lanes. (see lighting section in Chapter 5: Paths)

4-13.0 On-Road Intersections

In urban areas, more than three-fourths of al car/bike
collisions occur at intersections, many of which are due to
bicyclist error. The cause of these accidents are numerous; no
single measure will provide a primary solution to the
intersection problem. Almost one-fifth of al car/bike
collisions are caused when a bicyclist runs a stop sign or red
light. In addition, motor vehicle driversin both left and right
turning situations have a tendency to overlook bicyclists
riding against the normal flow of traffic.

Cross section of Mafifel& Cover Installation

Figure 4-11.0A
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Safety at intersections depends on the functions of the
roadsand bikeways, motor vehicleandbicycletraffic volumes
and speeds, the crossing distances, number and types of
turning movements and the amount of space available at the
crossing. Each intersection must be studied individually.

Factors to be taken into consideration to achieve safe,
workable intersection design include:

SAFETY:

* Bicycles and motor vehicles must be able to easily
see each other

* |Intersection design should be smple, avoid the need
for complex maneuvers

e Motor traffic speed should be low where bicycles
cross at grade

e There must be sufficient maneuvering or waiting
space

MINIMIZE BICYCLE DELAY:
e Minimize waiting times
*  Maximize the possibility to cross without delay

* Provide main bicycle route crossings priority over
local roads and streets

CONVENIENCE:

»  Bicyclistsshould have comfortableroutesacrossthe
intersection

e Curb cuts and transitions should be flush with the
road, the full width of the facility

* There should be no detours for bicyclists across
intersections

*  Givespecial attention for turning bicycles (primarily
left-turning bicycles)

Two design characteristicsareimportant for safeweaving
of bicycle and motorized traffic. First, the speed difference
between bicycles and motoristsin the weaving or merge area
is desirably no greater than about 10 km/h. Second, the
number of traffic lanes for aleft- turning bicyclist to weave
across should be kept to a minimum; they should not have to
cross more than one lane.

1. The Right-Turning Motorist and the Bicyclist
Proceeding Straight Ahead

Conflicts with right-turning cars account for about
oneinten of al urban car/bike collisions.

Right turns on green by motorists may be hazardous
because the driver and the through bicyclist may
both perceive themselvesto have clear right of way.
Every effort should be made to encourage the right-
turning motorist to slow down, and observe bicycle
traffic, before reaching the intersection and turning
right. The weaving of motor vehiclesand bicyclesis
not desirableif theintersection approach or exitison
acurve.

Whereright turn on red is permitted, motorists tend
to focus their attention on cross traffic approaching
from the left, and in doing so may infringe on
through bicyclist storage area.

Some bicyclists use right-turn only lanes when
traveling straight through an intersection. This
causes difficulties because motorists expect the
bicyclist to turn right. At right-turn only lanes,
bicyclists should be encouraged to merge to the left
side of the lane to complete the weave maneuver.
However, this is often difficult for Average
Bicycliststo do. In lanesthat allow both through and
right-turn movements it may beis difficult for both
the motorist and bicyclist to recognize the other’'s
intent. At locationswithidentified accidents, bicycle
lanes or designated bicycle route signage and
pavement markingsclarifyingwhoisresponsiblefor
yielding or other actions are recommended. Parking
may be prohibited for a minimum of 30 m or more
fromtheintersection, depending on the design speed
of theturn.

The Left-Turning Motorist and the Bicyclist
Proceeding Sraight Ahead

Conflicts with left-turning motorists account for
almost one-quarter of all urban motor vehicle/bike
collisions. This type of collision occurs because the
left-turning motorist either does not see the
approaching bicyclist or underestimates their speed.
The motorist’s field of view islimited to oncoming
vehicles, so a bicycle traveling in the roadway will
usualy fall within view. However, if the motoristis
trying to clear the intersection in the face of
oncoming traffic, a bicycle may not be seen in time
to yield. One way to eliminate this type of "panic"
turn isto install a protected left turn phase.

The Left-Turning Bicyclist and the Motorist
Proceeding Straight Ahead

When making aleft turn, the difference between an
Average Bicyclist and the Experienced Bicyclist
shows up most. The weaving movements necessary
to cross to the center lane or left-turn lane are
difficult for Average Bicyclists and often
unanticipated by motorists. Weaving isnot desirable
if the bicyclists or a left-turn lane are on a right
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bending curve. Itisalsodesirablethat bicyclistshave
the opportunity of crossing in two steps besides the
possibility of weaving. At intersections, especially
those on roads with bicycle lanes and traffic lights,
the striping of bike lanesfor bicycliststurning leftis
desirable. The marking of a bicycle lane for left-
turning bicyclists at an unsignalized intersection
depends on the speed difference between bicyclists
and motorists and the volume of motorists turning
left. It is desirable that the number of lanes of
throughtrafficto crossislimited to one per approach
road section.

The Average Bicyclist may prefer the two-step
approach or a grade separation. Using the two step
method, bicyclists will enter the intersection in the
right lane, crossto the corner and then make another
crossing to end up on the right lane of the cross
street. See Figure 4-13.0A.

The Experienced Bicyclist will tend to follow the
samemaneuver that motor vehiclesuse. Experienced
Bicyclistsmay be encouraged to make the necessary
weave movements for proper left turns. The
tendency for bicyclists to "double-up" with turning
vehicles, rather than fal in line, may also create
sideswipeexposure. Opposing motoristsmay not see
or fail to grant right of way to the turning bicycle.

Intersection Crossing Distance

At intersections, it is desirable to keep the crossing
distance and the number of lanesto crossat a

4-13.01

minimum for the safety of crossing traffic. It is
desirable to limit the number of lanes to cross at a
timeto three. If the number of lanesto be crossed is
> 3, atraffic or median island should be placed at the
crossing.

At crossings with stop signs and signalized
intersections, traffic will sometimes proceed against
the stop or red. Sight distances should be determined
during the design of the roadway with thisin mind.

Shared Road Bikeway Treatments at
I nter sections
Right Turn Lanes. Minnesota law requires the

bicyclist to keep as close as practicable to the right
edge of the roadway. Therefore, the bicyclist may
move toward the right edge of the right-turn lane.
However, thisis not adesirable position, especially
if the bicyclist isintending to go straight ahead.

The maximum recommended lanewidthis4.0 m. In
some cases eliminating right turn on red, slowing
motor vehicle traffic and replacing the standard
"RIGHT-TURN LANE" sign (R3-X1) with"BEGIN
RIGHT-TURN LANE; YIELD TOBIKES(R4-4)is
desirable. Review traffic volumes and speeds in
determining appropriate actions.

Two-Step Left-Turn by Bicycle

Figure 4-13.0A
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2. Right Turn on Red. Where "right turn on red" is
permitted, the focus of right-turning motorists
toward cross traffic approaching from the left is
intensified. Thestraight through bicyclist requiredto
stop for the red light may find that vehicles turning
right on red infringe into their storage area. Right
turning motor vehicles may infringe less if the
intersection curve radiusisrelatively small.

3. Roadways with a Two-way Continuous L eft-turn
Lane. Bicyclists may be making left turns by the
two-step method or using the lane. Also see
recommendationsfor choosing intersection typesin
Chapter 5: Paths.

4-13.02 Bike Lane Treatmentsat | nter sections

Bike lanes can complicate turning movementswhen first
installed. However, as motorists and bicyclists become
familiar with them complicationsmay lessen. Atintersections
where there are bicycle lanes and traffic signals, detection
loops may be adjusted to detect bicycles. Installation of
bicycle-sensitiveloops within the bike laneis desirable. This
is particularly important where signals are vehicle-actuated
and may not change for a bicycle unless a car is present, or
unlessthe bicyclist leavesthelaneto trip the signal withinthe
traffic lane. If used for bicycle traffic, push button activators
should bewithin reach so the bicyclist isableto remain onthe
bicyclein the bike lane.

Where there is heavy bicycle traffic on bike lanes, a
separate green phase for bicycle use only may be included.
This allows hicyclists to cross the street and make turns
without having to contend with motor-vehicle traffic. On
multi-lane streets where the "stranding" of bicyclists is
possible, consideration should be given to ensure that short
clearanceintervalsare not used. A commonly used solutionis
an all-red clearance interval.

The following bicycle lane treatments are appropriate at
intersections under varying circumstances. No single
treatment is universally recommended. Each intersection
should be studied on an individual basis to determine the
appropriate design.

1. Bicycle Lane Continuation at Intersections. Bicycle
lanes may be striped through the intersection where
a bike lane on a major street crosses minor streets
and where right turns from the major street to the
minor street are few. A dashed line aerts vehicle
drivers to the existence of the bicycle lane.

2. BicycleLaneto Intersection. Bicyclelanescarried to
the intersection may be acceptable when right-
turning motor vehicle traffic is light or when it is
desirable to delineate the left edge of abicycle lane
at aright-turn only lane.

3. BicycleLane Termination. Lanetermination may be
used on a side road with bicycle lanes which
intersects a main road on which bicycle lanes are
marked through theintersection and at approachesto
right turnlaneswhereit isdesirablefor traffic to mix
or impossible to mark the lane to the intersection.
Eachintersection should beindividually assessed for
the appropriate weaving distance required. Lane
termination or broken stripe initiation should be
located accordingly. See Figures 4-13.0B.

Channelized Right-Turn-Only Lanes. Channelized
right-turn-only lanes pose problems and design
options similar to those for other right-turn lanes.
Reducing motor vehicle speeds and the length of
weaving areas may improve safety. See Figure
4-13.0B(b).

4-13.02.01 Bicycle Lanes and L eft-Turning Bicycle

Traffic.

At busy intersections, three pavement marking options
may improve safety and comfort for left-turning bicyclists.

1. AverageBicyclistsoften execute two-step left turns;
paint arefuge island on the corner.

2. Aleft-turn bikelane painted next to the right edge of
aleft-turn lane.

3. Painting an Advanced Stop Line.

These options are recommended at signalized
intersections and stop-controlled intersections without right
turnonred. Bicyclistsshould be encouraged to makeleft turns
by the two-step method if a double left-turn lane is present.
The methods are further explained below:

1. Painted Refugelslandsfor Left-Turningand Straight
Through Bicycle Traffic.

At busy intersections, Average Bicyclists may
execute two-step left turns. Allowing right turn on
red is not recommended with painted refuge islands.
Where traffic is relatively light, painting a refuge
isand on the corner provides refuge space. See
Figure4-13.0C. Wheretrafficvolumesarerelatively
high, providing araised freeright turn island that is
easily reached by left-turning bicyclistsal so provides
refuge space.

2. Advanced Sop Lines

Creating an Advanced Stop Line (ASL) makes it
possiblefor bicycliststo position themselvesin front
of waiting motorized traffic and cross the
intersection first on the green light or when turning
left on a separate green phase. Twenty-five bicycles
or more per peak hour and good enforcement of

4(13)
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PARKING LANE BECOMES RIGHT LANE BECOMES
RIGHT-TURN-ONLY LANE RIGHT-TURN-ONLY LANE
(a) (b)

—

OPTIONAL DOUBLE RIGHT-TURN-ONLY LANE
RIGHT-TURN-ONLY LANE
(C) (d)

Bicycle L anes approaching Motor Vehicle Right-Turn Only Lanes
Figure4-13.0B
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Painted Refuge I land
Figure4-13.0C

A B C D
A = standard model, B = right-turning model

C = left turning model, D = left-turning model without a separated green phase

Advanced Stop Lines
Figure4-13.0D
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stopping behavior are needed for effective use of
ASLs. The ASL helps bicyclists turning left where
thereisoneleft-turnlanefor motorized traffic. ASLs
may also be applied on approaching road sections
with amaximum of two lanes.

A separate ASL, inclusive of an approaching bike
lane, isbest introduced when thereisaleft-turn lane.
If traffic turning left has a separate green phase, a
separate ASL isnecessary. If thisisnot the case, one
ASL may suffice, however, bicyclistsmay chooseto
weave to the left turn lane anyway. For increased
visibility and recognizability, completethe ASL and
a part of the approaching bike lane in a different
color pavement, preferably red. Bicycle sensitive
vehicle detectors (pavement loops or other devices)
are desirable with ASL’s.See Figure 4-13.0D.

4-13.02.02 Bike Lane Continuation at T-

inter sections.

Bicycle traffic is preferably allowed uninterrupted
through movement at t-intersections. Continuingthebikelane
through the intersection as shown in the figure below is
recommended. Even where there are no bike lanes, lane
continuation could beadded to theintersectionif itisstopsign
controlled. Bicycle traffic is best allowed uninterrupted
through movement at t-intersections as shown in Figure
4-13.0E.

4-13.02.03 At-grade Railroad Crossings

Special care should betaken wherever abicyclist crosses
railroad tracks at grade. Whenever possible, the bicyclist
should be allowed alevel crossing at right anglesto the rails
while traveling straight ahead. The outside lane, shoulder, or
bike lane should be widened to permit crossings to approach
thetracksat 60 to 90 degrees. The crossing should be at least
as wide as the approaches of the bikeway. See Figure 4-
13.0F. Takeinto account sign and signal location design and
install ationwhen widening theapproach bikeway; " pedestrian
arms' may also be considered. Depending on the features of
the road, the bikeway may swing away from the roadway
altogether to allow it to cross the track at 90 degrees.

If it is not possible to cross a an angle of at least 60
degrees, rubber track guards with a compressibleflangefiller
are recommended. Abandoned tracks should be removed by
the railroad.

Thedesired type of surface betweenrails should be based
on the planned uses of the roadway. Hot mix asphalt and
rubber surfaces are generally acceptable for at-grade
crossings. Wood surfaces are better suited to limited use; they
arevery sippery when wet and tend to wear faster than other
surfaces.

Bike Lane Continuation at T-inter sections

Figure4-13.0E

JUNE 17, 1996



JUNE 17, 1996 BIKEWAYSMANUAL 4(17)

-
\y %@k
e
$
/
/
|

Note: Flared roadway permits bicyclists to cross angled railroad crossing at or near 90 degrees

Figure 4-13.0F

Roadways, paths and bike lanes should have signing and
pavement markings installed in accordance with the
MinnesotaManual on Uniform Traffic Control Devices