CHAPTER 4

BIKEWAY AND WALKWAY
PLANNING AND DESIGN GUIDELINES

This chapter provides agenerd understanding of what is required to plan and design a bikeway or
wakway. Itisasummary of ConnDOT’ s Draft Bicyde Planning and Design Guiddines Manud, currently
being developed by ConnDOT, and the Federal Highway Adminigration (FHWA) publication, "Planning,
Design, and Maintenance of Pedestrian Facilities.

BIKEWAYS
Planning

Bicyde Planning incorporates the facility and location sdection criteriafor bicycde routes. A bicyde
route is a system of on street facilities such as shared roadways, wide curb lanes, bicycle lanesand or
separate multi-use paths thet alow arider to go from point A to point B. The location and type of bicycle
route is dependant on factors such as bility, safety and the riding environment.

Bicycle routes should be located where their use can be maximized. Factors that should be
considered are the routes ability to serve employment centers, commercia areas, shopping centers,
education facilities, and parks and recreation areas. The location of bicycle routes should provide for
adequate access points, and provide a route that connects origin and destination pointsin a direct manner.

Bicycle facility types should be sdlected in a manner whereby conflicts with motorists and
pedestrians are minimized. They should aso provide ariding environment that is aestheticaly pleasing and
conducive to the physicd ability of the average cyclist. Oneimportant congderation in selecting the type
of facility is continuity. A bicycle route of dternating segments of separate bicycle paths and on dreet bike
lanes should be avoided, if possble. They tend to encourage wrong way bicycle travel beyond the end of
abike path where bicycligts are required to cross to the other side of the street to travel with traffic. If a

route type change is necessary, the trangtions from one type of facility to another must be well sgned.

Sdection of the appropriate facility type to meet the bicydists needs is dependent on many factors.
The following paragraphs describe the most common uses for each facility type.

Shared Roadway - Shared roadways are streets on which both bicycle and motor vehicle travel
is permitted. By State Law, dl dreets and highways, other than limited controlled highways such as
expressways, fal into this category. A shared roadway thet is designated as part of a Bicyde Route should:
(1) provide continuity to other bicycle facilities or (2) designate preferred routes through high-demand
corridors. The designation of a shared roadway as part of a Bicycle Route should indicate to bicyclists that
there are particular advantages to using these routes as compared with aternative routes. This aso means
that responsible agencies have taken actions to ensure that these routes are suitable as shared routes and
will be maintained in amanner consistent with the needs of bicydids.

37



Wide Curb-lanes - Wide curb-lanes are essentidly shoulders placed dong streets in corridors
where there is Sgnificant bicycle demand. However, wide curb-lanes are for shared use by bicycle and
motorized traffic. The added lane width provides grester room for maneuvering and increases the latera
distance between bicycligts and vehicles. Wide curb-lanes are appropriate bicycle facilities where traffic
gpeeds and volumes are tolerable for shared roadway facilities.

Wide curb-lane facilities are selected when there is insufficient room for a separate bike lane, yet
ggnificant demand exigs for providing afadility of somekind. To many experienced riders, wide curb-lanes
are apreferred facility type because it integrates bicycle and vehicular traffic, and forces recognition and
awareness on the part of the motorigt.

Wide curb-lane facilities can be created by widening roadways, by narrowing traffic lanes, or both.
It should be noted that both the American Association of State Highway Transportation Officids
(AASHTO) and the National Advisory Committee on the Manud of Uniform Traffic Control Devices
(MUTCD) have commented in favor of reducing vehicle lanesfrom 12 ft. (3.6m) to 11 ft. (3.3m) for the
purpose of widening the rightmost curb-lane for bicycle use.

Bicycle Lanes - Bicycle lanes are painted and sgned lanes, generdly in the shoulder of the
roadway, established adong streets in corridors where there is Sgnificant bicycle demand, and where there
are digtinct needs that can be served by them. The purpose should be to improve conditions for bicyclists
in the corridors and to better accommodate bicyclists where there is insufficient room for safe bicycling on
exiding streets. Bike lanes are desirable when traffic volumes or speeds are such that wide curb-lanes are
not practical.

Additionad measures, that might not be possible on al greets, should be implemented on bike lane
dreets to improve the Stuation for bicyclists. These include pavement surface improvements, stronger
sweeping programs, specid sgnd facilities, etc. Specia efforts should aso be made to ensure that high
levels of service are provided with these lanes (i.e,, bicycle-sengitive Sgnd actuators, pavement markings,
etc.), if bicyce trave is to be regulated by ddinestion. Additiond night lighting of extensively traveled
bicycle corridors also increases safety and comfort. Bicycle lanes can be provided by widening existing
roadways or paving shoulder aress.

Multi-use Paths - Multi-use paths are trails generaly located on exclusive rights-of-way and with
minimal cross flow by motor vehicles. They should be used to serve corridors not served by Streets and
highways or where wide rights-of-way exist permitting such facilities to be congtructed away from the
influence of pardld dreets. Multi-use paths should offer opportunities not provided by the road system.
They can ether provide arecrestiona opportunity or, in some instances, can serve as direct high-speed
commuter routes if cross flow by motor vehicles can be minimized. The most common uses are dong
highway rights-of way, rivers, oceanfronts, cands, utility rights-of-way, abandoned railroad rights-of-way,
within college campuses, or within and between parks. There may aso be Stuations where such facilities
can be provided as part of planned developments. Another common goplication isto diminate impediments
to bicycle travel caused by congtruction of freeways, or because of the exisence of naturd barriers. Right-
of-way widths have to be such that adequate room exigts for the separated facilities and physica separation
of the modes.
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L ocation
The factors to be considered in choosing the proper location for abicycle route vary depending
on the Stuaion. The most important variables usudly include accessibility, safety and riding environment.
These variables are discussed asfollows:

Accessibility

Potential Use - The route should be located where its use can be maximized. The mgor factors
that should be examined to identify origins and destinations of tripsis the location of household digtribution
(gnglefamily and multi-family), employment centers, mgor commercid aress, shopping centers, educationd
indtitutions, multi-modal interface points (e.g., end points of the trangt system; mgor transfer points),
restaurants and convenience stores, parks and recreationa aress.

Access Points- In locating a bicycle route, consideration should be given to provison of adequete
access points. The more frequent and convenient the access points, the more the facility will be used. This
is important for bicycle routes, serving utility trips as well as recreationd trips. Adequate access for
emergency and service vehicles should aso be provided.

Directness - The hicycle route should serve activity centers dong a direct course except dong
recregtiond routes where this factor is not asimportant. The bicycle is consdered to be alegitimate mode
of trangportation; accordingly, accessis required from al mgor originsto dl dedtinations. 1dedlly, dl origin
and destination pairs should be made accessible.

Existing Barriers - In some aress, there are mgjor physical barriers to bicycle travel, caused by
topographical features, freeways, cands, railroad tracks, or other impediments. The development of a
bicycle route that crosses a barrier can provide new opportunities for bicycligts.

Delays - Bicycle travel is inherently a dower mode of travel and if there are frequent stops,
bicydigswill generdly avoid theroute. When abicycle route is established on aminor street, consderation
should be given to orienting stop Signs to stop traffic at crossing road, rather than on the bike route. This
does not gpply to mgor crossings, such as arterids and collectors, where stopping the traffic in favor of the
bike route would disrupt the hierarchy of the street systems.

Safety
Use Conflicts- Different types of fadilities introduce different types of conflicts. On sreet facilities
can involve conflicts between bicydlists and motor vehidles. Multi-use paths usudly involve conflicts with
other bicyclists and pedestrians on the path, and with moving and parked motor vehicles a Street
intersections, curb cuts, and driveways. Sidewak facilities can increase conflicts with pedestrians, motor
vehicles a highway and driveway intersections, and fixed objects such as utility poles and guy wires.
Accidents- Reducing the number of bicycle accidents dong routes isimportant. The potentid for
dleviating accident problems through the improvement of a facility should be assessed, as should the
potentia for introducing new accident problems. When locating bicycle routes, the following guiddines
should be followed in order to reduce the potentia accidents:
1 The location of bicycle routes should be governed by the principle that the facility should not
encourage or require bicyclists or motorists to operate in a manner inconsstent with the normal
rules of the road.
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2. Bicycle lanes should dways be one-way facilities and carry traffic in same direction as adjacent
motor vehide traffic.
3. Sidewaks are not arecommended dternative for bicycle facilities.

Traffic Volumes and Speeds - For facilities on a stredt, traffic volumes and speeds must be
congdered dong with the roadway width, frequency of intersections, number of driveways and signs.
Commuting bicydigs frequently use arterid streets because they minimize delay and offer continuity for trips
of severd miles. If adequate width for dl vehiclesis available on more heavily traveled streets, improving
the streets can be more desirable than improving adjacent streets. When this is not possible, a nearby
pardld street may be improved for bicydigts, provided that Sops are minima and the route conditions are
adequate.

> Truck and Bus Traffic - Because of their aerodynamic effect and width, high-speed trucks, buses,
motor homes, and trailers can cause specid safety problems for bicyclists. Thus, if there is a choice
between comparable routes, the one with the lower traffic volume would be preferable. Asagenerd guide,
shared roadway bike routes may be placed on roadways that carry truck/bus volumes of less than five
percent of average daily traffic (ADT), and bike lanes may be accommodated on roadways with a
combined truck/bus volume grester than five percent.

Pavement Surface Quality - On dtreet facilities must have smooth pavement. The need for abike
route surface as smooth, if not smoother, than the normal road surface is predicated on the fact that most
bicydes have high-pressure tires that transmit every bump and do not have a sugpension system to aosorb
these bumps. Utility covers and drainage grates should be flush with the pavement surface, and drainage
grates should be designed to dlow the crossing of bicycles without causng afdl. Graies must have a
checkerboard pattern, or have dats oriented perpendicular to the flow of traffic. Approachesto railroad
crossings should be improved as necessary to provide for safe bicycle crossings.

Maintenance - Ease of maintenance isimportant when locating fadilities. Inadequately maintained
facilities may prove to be poor investments. Proper maintenance can correct some unsafe conditions for
bicycling; however, the cost of additional maintenance should aso be considered.

On-Street Parking - The turnover and density of on-street parking can affect the safety of
bicyclists (e.g., opening car doors and cars entering or leaving angle parking spaces).

Riding Environment

Aesthetics - The scenic vaue s particularly important dong a bikeway that can serve arecreationd
purpose as well as a trangportation purpose.

Grades - Steep grades on bicycle routes should be avoided if possble. Mogt bicyclists cannot
negotiate steep hill grades greater than 5 percent; these can be a severe deterrent to use of the facility.
Also, riding downhill can berisky, particularly for unskilled bicydigts or for bicydigts with faulty equipmentt.

Regulatory Considerations
Regulatory consderations generdly are gpplicable only to multi-use paths. If the Federa Highway
Adminigration (FHWA) funds are utilized, dl applicable federd rules and regulations need to be followed.
Thisincludes the required reviews and clearances from the gppropriate state and federd resource agencies.
Sometimes, an environmental sudy must be prepared to assess any adverse socia, economic and
environmentd factors. Work involving sengtive hitoric structures or archaeologica Stes must conform to
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the Department of the Interior's standards and guidelines for archaeology and historic preservation. Any
property acquisition must conform to the Uniform Relocation Assstance and Red Property Acquisition Act.
Also, engineering and architecturd designsfor dl fadilities must conform to the Americans with Disghilities
Act.

Before becoming too heavily involved in adesign, it is recommended that acheck of dl locd, Sate
and federd agencies be made to determine potential areas of concern and/or regulatory permit
requirements.

DESIGN GUIDELINES FOR BICYCLE AND PEDESTRIAN FACILITIES

Bikeways are conddered trangportation facilities, therefore their design should adhereto AASHTO
guiddines When designing afacility many factors are teken into consderation, induding cog, functiondity,
safety, and the impacts associated with congtruction such as wetlands and rights-of way. Signing for Bicyde
Routesisamgor dement in dl Bike Routes and should provide the user with the basc information needed
to make it a safe and effective trangportation facility. Signsindicating a route name or number should be
ingdled in such away that the user is aware of what direction to turn a intersections and to assure the user
that he or she is on the desired route and going in the right direction after adecison point. The following
sections describe design details for significant components for the various types of bicycle facilities These
details should be consdered in the facilities design.

Shared Roadway Bicycle Route

Bicycdes may be ridden on al highways where they are permitted. Asaresult, al new highways,
except those where bicyclists legaly are prohibited, should be designed and constructed under the
assumption that they will be used by bicyclists. Bicycle-safe design practices, as described in this guide,
should be followed to avoid costly retrofit improvements. Conditions on roadways that will be designated
as part of aBicycle Route should be examined and, where necessary, improvements as described below
should be provided. It should be noted that these items should be applied to dl bicycle routes.

Drainage Grates

Drainage grate inlets and utility covers can be serious hazardsto bicydigs. Unsafe grates can divert
acyclig'sfront whed, causing acrash. Parale bar drainage grate inlets are the most hazardous because
they can trap the front whed of abicycle causing loss of steering control and the bar spacing is such that
they can dlow narrow bicycle whedsto drop into the grates. Unsafe grate covers should be replaced with
Type A catch basin grates as shown in Figure 3
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1YPE A

GRATES

Figure3

Bicycle Safe Catch Basin Grates.
Source: ConnDOT Standard Details

Railroad Crossings

For bicycletraffic, there are two main problems with at-grade rallroad crossings. Firg, if the tracks
cross the roadway at less than 60 degrees, abicycligt's front whedl may be diverted by therail or trapped
in the flange way, causng loss of steering control. In design, an attempt should be made to have the
bicyclist crossthe track at as close to 90 degrees as possible. Second, a rough crossing - regardless of
angle - may cause whedl damage or may cause a bicycligt to crash. As shown in Figure 4, widening the
gpproaching roadway, bike lane or shoulder will alow the bicycligt to cross at gpproximately 90 degrees
without veering into the path of overtaking traffic. The minimum amount of widening should be 6-ft (1.8m);
however, 8-ft. (2.4m) is desirable, depending on the amount of available right-of-way. Adequate tapers
should be provided.

On low-speed, lightly traveled railroad tracks, commercialy available flange way fillers can
diminate the gap next to the rall. The filler normaly fills the gap between the ingde railbed and the rail.
When atrain whed rolls over it, the flange way filler compresses. This solution, however, is not acceptable
for high-gpeed rail lines, asthefiller will not compress fast enough and the train may derall.
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Flared roadway permits bicycliststo cross-angled railroad crossing at or near 90 degr ees.
Source: AZ Bicycle Facilities Planning & Design Guidelines; AZDOT, 1988.

Wide Curb-lane Bicycle Route

A wide curb-lane is best described as a lane of a roadway, which is of adequate width to
accommodate both bicycle and motorized traffic in the same lane. Thislane should away's be the through
lane closest to the curb, or shoulder edge of the road where a curb is not provided. The design

condderations described here are specific to wide curb-lanes and are in addition to the items described for
Shared Roadways.
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LaneWidth

The desirable motor vehicle lane width is 12-ft (3.6m). On roadways without separate bicycle
lanes, aright-hand (outsde) through lane wider than the standard width better accommodates both bicycles
and motor vehicles. The additiona width on the outside lane also improves sight distances and provides
more maneuvering room for vehides turning into the roadway. In many cases where there isawide outsde
through lane, motorists will not need to change lanesto pass a bicydlist. Thus, on roadways with bicycle
traffic, widening the outsde lane can have a beneficia effect on capacity and safety.

There are two separate ways to provide a wide curb-lane. The most desirable is to widen the
road. However, where conditions exist such that widening the road is not possible, awide curb-lane can
be achieved by modifying the existing pavement markings and using 11-foot lanes.

Road Widening - On roadways that accommodate both bicycles and motor vehicles within the travel
lanes, 14 ft, (4.2m) of useable width should be provided on the outside through lanes. The 14-ft (4.2 m)
width should be congdered a minimum width and 16 ft (5.0m) should be consdered adesrable width. In
determining the useeble width of an outsde lane, adjustments need to be made for obgtructions. Bicydigts
shy away from obstructions such as drainage grates, parked vehicles and longitudina ridges between the
pavement and gutter sections. An extra 1-ft (0.3m) of "shy distance” should be added for flush or
depressed obstructions, such asajoint or soft shoulder. If araised obstruction, such as a curb and gutter
is present, an extra 2 ft (0.6m) "shy distance’ should be added before the raised face of the curb. If
drainage grates are located in the gutter or near the right edge of the roadway, they should not be included
in the caculations of usesble width.

Pavement Marking Modification - If the outsde lane width cannot be increased by widening the
pavement, the lane striping may be shifted to narrow the insde lang(s) while widening the outsde lane.
Since narrowing the vehicle travel lane reduces its capacity, this gpproach should only be taken when the
roadway is operating at Leve of Service C or better and truck traffic accounts for 5% or less of the total
traffic flow. Inany case, avehicle travel lane should not be reduced to less than 11-ft (3.3m) in width.

Some have recommended 15-ft (4.5m) of useable width for an actud "wide outside thru lane.”
However, widths greater than 14 ft (4.2m) can encourage the operation of two motor vehiclesin one lane.
Thisislikdy to occur neer intersections with heavy turn volumes during periods of pesk congestion. Such
conditions may reflect a need to consder improvements a the intersection. If this condition exigts, it may
be necessary to consider designated bicycle lanes at intersections to ensure safety. Figures 5 thru 7 show
examples of typica wide curb-lane arrangements in both existing and new facilities.
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Optionsfor creating wide lanesfor bicycletraffic in different situations.
Source: North Carolina Bicycle Facilities Planning and Design Guidelines, 1994.

Bicycle Lane Bicycle Route

Bicycle lanes may be consdered when it is desirable to ddineate available road space for
preferentid use by bicydigs. Bicyde lanes should dways be one-way fadlities and carry traffic in the same
direction as adjacent motor vehicle traffic. Two-way bicycle lanes on one sde of the roadway are
unacceptable because they promote riding againg the flow of motor vehicle traffic. Wrong-way riding is
amgor cause of bicycle accidents and violates the rules of the road. Bicycle lanes on one-way streets
should be on the right Sde of the street, except in areas where a bicycle lane on the left will decrease the
number of conflicts (e.g., those caused by heavy bus traffic).

Delineation

Bicyde lane lines should be solid, 6 in. (150mm) wide, and marked with white traffic paint. The
width of the lines should match the width of other lines on the particular roadway in question. Thermoplagtic
and preformed tape can be dippery when wet, causing loss of control for bicycligts, and should, therefore,
not be used.

Raised barriers (e.g., raised traffic bars and asphalt concrete dikes) or raised pavement markers
should not be used to ddlineate bicycle lanes. Raised barriers prevent motorists from merging into bike
lanes before making right turns, restrict the movement of bicyclists desiring to enter or exit bike lanes and
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impede routine maintenance.

Bike lane markings should be placed at a constant distance from the outside motor vehicle lane.
Bike lanes with parking permitted should not be directed toward the curb a intersections or localized aress
where parking is prohibited. Such a practice prevents bicyclists from following astraight course. Where
trangtions from one type of bike lane to another are necessary, smooth tapers should be provided.

LaneWidths

Under ided conditions, the minimum bicycle lane width is 4-ft (1.2m). However, certain edge
conditions dictate additiond desirable bicydelanewidth. Additiond width dso is desrable when the width
of the adjacent traffic lane is less than 12-ft (3.6m). Thisis an important addition because the effective
clearance between abicyclist and adjacent traffic is afunction of the combined width of both the bike lane
and the adjacent traffic lane.

To examine the width requirements for bicyde lanes, Figures 8 thru 11 show four typical locations
for such fadilitiesin relation to the roadway. Figure 8 depicts bicyde lanes on an urban curbed street where
aparking laneis provided. The minimum bicycle lane width for thislocation is 5t (1.5m). Bicycle lanes
should aways be placed between the parking lane and the motor vehicle lanes. Bicycle lanes between the
curb and the parking lane creste hazards for bicyclists from opening car doors and poor vishility a
intersections and driveways. They dso prohibit bicyclists from making left turns, therefore, this placement
should never be considered.

Where parking is permitted but a parking laneis not provided, the combination lane, intended for
both motor vehicle parking and bicyde use, should be aminimum of 12-ft (3.6m) wide. Figure 9illudrates
this condition. However, if it islikely the combination will be used as an additiond motor vehidelang, itis
preferable to designate separate parking and bicycle lanes, as shown in Figure 8. In both ingances, if
parking volume is subgtantiad or turnover ishigh, an additiond 1 ft. or 2 ft (0.3m to 0.6m) width isdesrable
for safe bicycle operation.
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Typical bike lane cross section on two-lane or multi-lane highways.
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~ Source: AASHTO Guide for Development of Bicycle Facilities, 1991.

(2) Combined parking and bike use
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Figure9

Typical bike lane cross section on two-lane or multi-lane highways.
Source: AASHTO Guide for Devel opment of Bicycle Facilities, 1991.

Figure 10 depicts bicycle lanes dong the outer portions of an urban-type-curbed street where
parking is prohibited. Bicyclists do not generaly ride near a curb because of the possihilities of riding
through debris, over an uneven longitudind joint, or dong a steep cross-dope, or of hitting a peda on the
curb. Bicydelanesin thislocation should have a minimum width of 6-ft (1.8m) from the curb face.
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Figure 10

Typical bike lane cross section on two-lane or multi-lane highways.
Source: AASHTO Guide for Development of Bicycle Facilities, 1991.

Figure 11 depicts bicycle lanes on a highway without curb or gutter. Bicycle lanes should be
located between the motor vehicle lanes and unpaved shoulders. Bicycdle lanes may have a minimum width
of 4 ft (1.2m) , dthough awidth of 5ft (1.5m) or grester ispreferable. Additiond width is desrable where
subgtantia truck traffic is present, where prevailing winds are afactor, on grades, or where motor vehicle
gpeeds exceed 35 mph (56 km/h).
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Typical bike lane cross section on two-lane or multi-lane highways.
Source: AASHTO Guide for Devel opment of Bicycle Facilities, 1991.

I nter section Design
Bicyde lanes tend to complicate both bicyde and mator vehicle turning movements a intersections.
Because they encourage bicyclists to keep to the right and motorists to keep to the left, both operators are
somewhat discouraged from merging in advance of turns. Thus, some bicydists will begin left turns from
the right sde bicycle lane and some motorists will begin right turns from the lane to the Ieft of the bicycle
lane. Both maneuvers are contrary to established rules of the road and result in conflicts. Common
movements of motorists and bicyclists are shown in Figure 12.
At intersections, bicydists proceeding straight through and motorists turning right must cross paths.
Marking and signing configurations, which encourage these crossings through merging in advance of the
intersection, are generdly preferable to those that force the crossing in the immediate vicinity of the
intersection. To alesser extent, the sameistrue for left-turning bicyclists. However, in this maneuver, the
rules of the road dlow bicydigsto make ether a"vehicular gyl€’ left turn (where the bicydists merges left
to the same lane used for motor vehicle left turns) or a "pededtrian styl€" Ieft turn (where the bicydist
proceeds straight through the intersection, dismounts and then walks across the intersection on the cross
Street)
Figure 13 illudtrates recommended striping petternsfor bike lanes crossing amotorigt right-turn-only
lane. When confronted with such intersections, bicyclists will have to merge with right turning motorists.
Since bicydigs are typicdly traveling a speeds less than motorigts, they should
ggnd and merge where there is a sufficient gap in right-turning traffic, rather than at a predetermined
location. For thisreason, it is recommended that either al delineation be dropped at the approach of the
right-turn lane (or off- ramp) or that asingle, dashed bike lane line be used, extended at aflat angle across
theright-turn lane. A pair of pardld lines (ddineating a bike lane crossng) to channd the bike mergeis not
recommended, as bicyclists will be encouraged to cross at a predetermined location, rather than where
thereisa safe ggp in right-turning traffic. Also, some bicydigts are got to assume they have the right-of-way
and may not check for right-turning motor vehicle traffic.
A dashed line across the right-turn-only lane (or off-ramp) is not recommended on extremely long
lanes, or where there are double right-turn-only lanes. For these types of intersections, dl markings should
be dropped to adlow the bicydlist's judgement to prevail. Bike lanes crossing on-
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Figure 12

Typical bicyclist and motor vehicle movementsin an inter section of two multi-lane streets with bicycle lanes.
Source: AZ Bicycle Facilities Planning & Design Guidelines; AZDOT, 1988.

ramps do not present the same problems, as bicyclists normaly have a good view of traffic entering the
roadway and will adjust their path as necessary to crossramp traffic. A "Bike Xing" sign may be used to
warn motorists of the potentia for bicyclists crossing their path.

Where there are numerous | eft-turning bicydigts, a separate turning lane should be considered. The
design of bicycle lanes dso should include gppropriate sSigning at intersections to reduce the number of
conflicts. Generd guidance for pavement marking of bicycle lanes dso is contained in the Manua of
Uniform Traffic Control Devices (MUTCD).
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Source: AASHTO Guide for Development of Bicycle Facilities, 1991.
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Multi-use Path Bicycle Route

Multi-use paths are trails generdly located on exclusive rights-of-way and with minima cross flow
by motor vehicles. Multi-use paths can serve a variety of purposes. For example, a connecting trall
between two cul-de-sac streets can provide commuter bicyclists with a shortcut through a residentia
neighborhood or around a barrier.

Located in a park, a multi-use path can provide a wide variety of users with an enjoyable
recregtiona experience. Multi-use paths can be located dong abandoned railroad rights-of-way, the banks
of rivers and other amilar linear corridors. Multi-use paths dso can provide access to aress that are
otherwise served only by limited access highways closed to bicycles. Appropriate locations should be
identified during the planning process.

Separ ating Paths and Highways
When two-way multi-use paths are located immediately adjacent to a roadway, operationa

problems may occur. The following are some problems with bike paths located immediately adjacent to

roadways.

1. They require one direction of bicycle traffic to ride againg traffic, contrary to norma rules of the
road.

2. When the path ends, bicyclists going againgt traffic tend to continue to travel on the wrong side of
the street. Likewise, bicydigts gpproaching multi-use paths often travel on the wrong side of the
Street to get to the path. Wrong way riding isamgor cause of bicycle/automobile crashes and
should be discouraged a every opportunity.

3. At intersections, motorists entering or crossing the highway often will not notice bicyclists coming
from their right, asthey are not expecting contra-flow vehides. Even bicydigts coming from the left
often go unnoticed, especialy when sight distances are poor.

4, When congtructed in narrow roadway right-of-way, the shoulder is often sacrificed, thereby
decreasing safety for motorists and bicyclists using the roadway.

5. Many bicycligts will use the highway instead of the multi-use path because they have found the
highway to be safer, more convenient or better maintained. Bicyclists using the highway are often
subjected to harassment by motorists who fed thet in al cases bicyclists should be on the path
instead.

6. Bicydligs using the bicycle path generaly are required to dop or yield at al cross streets and
driveways, while bicyclists usng the highway usudly have priority over cross traffic because they
have the same right-of-way as motorists.

7. Stopped cross street motor vehicle traffic or vehicles exiting Side streets or driveways may block
the path crossing.

8. Because of the closeness of motor vehicle traffic to opposing bicycle traffic, barriers are often
necessary to keep motor vehicles out of multi-use paths and bicycles out of traffic lanes. These
barriers can be a hazard to bicydlists and motorists, can complicate maintenance of the facility and
can cause other problems as well.
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For these reasons, on street facilities, such as wide curb-lanes or bicycle lanes, may be the best way to
accommodate bicycle traffic dong highway corridors depending upon traffic conditions.
Controlling Design Factors

Multi-use paths should be thought of as non-motorized extensons of the highway system, intended
for the exdusive or preferentid use of pedestrians, bicydes and other human powered vehides. Whilethere
are many smilarities between design criteria for multi-use paths and those for highways (e.g., determining
horizontad dignment, sight distance requirements and sgning), some criteria (e.g., horizonta clearance
requirements, grades and pavement structures) are dictated by operating characteritics of human powered
vehidestha are subgtantialy different from those of motor vehicles.

An in-line skater requires awide area when generating speed or climbing agrade, apersonin a
whedlchair has difficulty with even small grades over an extended distance, and a person pushing a baby
carriage requires a smooth surface for acomfortable ride. However, it isthe bicyde, when consdered with
itswide range of operators, from young children to experienced commuters, that gppears to encompass the
needs of most human powered vehicles. The young, inexperienced or recreationa riders require wider
paths, gentler grades and smoother surfaces, while the experienced riders require the geometric designs that
will accommodate their higher speeds. It isfor this reason that multi-use path design guidelines are based
on the operating characterigtics of the bicycle. However, the designer should consider dl potentia users
when designing a multi-use path.

Paved Width - The paved width and the operating width required for a bicycle path isaprimary design
condderations. Under mogt conditions, the minimum paved width for atwo-directiond bicycle path is 10
feet (3m). Narrower paths are not recommended as they do not permit safe and frequent passing
opportunities where there is high bicycle use, especially where pedesirian use is frequent. Also, a narrow
path is subject to pavement edge damage from maintenance vehicle loading conditions. A segment of path
less than 10-ft. (3m.) wide may be acceptable or necessary for short distances, such as when passing
between buildings or utility polesthat cannot be modified. These should be treated on a case-by-case basis
and sgned in accordance with the MUTCD.

In many cases, it may be desirable to increase the width of a bicycle path to 12-ft (3.6m). For
example, wider paths may be needed in cases involving substantid bicycle volume, probable shared use
with joggers and other pedestrians, use by large maintenance vehicles, steep grades and locations where
bicyclists are likely to ride two abreast.

Horizontal Clearances - A minimum 2-ft. (0.6m) wide graded area should be maintained adjacent to both
sdes of the pavement (see Figure 14). However, 3 ft. (0.9m) or moreis desirable to provide clearance
from trees, abutments, piers, poles, wals, fences, box culverts, guardrails or other lateral obstructions. A
wider graded area on either side of the bicycle path can serve as a separate jogging path. If adequate
clearance cannot be maintained between the path and vertica barriers or other features causing bikeway
condriction, awarning sign, as described in Figure 15, should be used in advance of the hazard with an
object marker at the location of the hazard (see Part 9C-3 of the MUTCD for diagrams). This trestment
should be used only where unavoidable and is by no means a subgtitute for desirable design.
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Vertical Clearances - The verticd clearance to obstructions should be a minimum of 8-ft (2.4m) (see
Figure 15). However, vertica clearance may need to be grester to permit passage of maintenance vehicles
and, in under crossings and tunnels, a clearance of 10-ft. (3m) is desirable for adequate verticd shy

disance.

09m 3m 0.6 m
(min) | (min) |, (min) |
; 2ft
(3 1) jo0mm iy 10 ﬁ)..,\ @
center line ™~y
2% cross slope N e e

Typical bicycle path cross section
Figure 14

Bicycle path cross sections showing widths, clear ances, cr oss slopes and center line markings.
Source: AASHTO Guide for Devel opment of Bicycle Facilities, 1991 and MUTCD Part I X.

Overhead obstruction

|- 9C-6 Type IIf object
marking (see MUTCD
Part iX for details)

4
{min)
(8 ft)

Bicycle path with overhead and adjacent obstructions
(W5-4 "Bikeway Narrows” sign should be used at ieast 15 meters {50 feet) in advance of obstruction)

Figure 15

Bicycle path cross sections showing vertical clearance.
Source: AASHTO Guide for Development of Bicycle Facilities, 1991 and MUTCD Part | X.

A wide separation between a multi-use path and candss, ditches or other sgnificant depressionsis
essentid for safety. If aminimum 5-ft. (1.5m) separation from the edge of the bike path pavement is not
possible, aphysica barrier such as dense shrubbery or achain link fence should be provided (see Figure

16).

A wide separation between a multi-use path and any nearby highway is dso desirable to confirm to both
the bicydist and the motorist that the multi-use path functions as an independent facility. When thisis not
possible and the distance between the edge of the roadway and the bicycle path is less than 5-t. (1.5m)
then a suitable positive barrier should be provided.
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Figure 16
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Railings - Ralings are recommended in Stuations where bicyclists or pedestrians may fdl down an
embankment or other vertica displacement. Railings, fences or barriers on either Sde of a multi-use path
sructure should extend 4.5 ft (1.4m) higher than the bike path and have smooth rub ralls attached a
handlebar height 3.5 ft. (1.1m). Itisrequired that railing ends be flared away from the path a either end
of therailing to prevent bicydists and pedestrians from catching on therall.

Such dividers serve to prevent bicydists from making unwanted movements between the path and
the highway shoulder and to reinforce the concept that the multi-use path is an independent facility. Where
used, the divider should be a minimum of 54 in. (1.35m) high, to prevent bicyclists from toppling over it.

Such a gtuation should be treated as a Specid case and appropriate roadsde desgn and warning measures
taken. Where the path approaches crossing roadways or driveways, the barrier should be modified as
necessary to enhance vishility between bicydlists and motorigs.

Fencing - Multi-use path fencing serves severd different functions, including separation of properties,
access control, noise and wind abatement, and decoration. Fencing comes in many different forms, styles,
heights, and colors and is modular so that it can be designed to fit dmost any landscape. Some types of
fencing are solid walls, solid board, semitransparent panels, transparent panels, post and rail, picket, and
vegetative hedges (see Figure 17).

The most common reason for fencing is to separate public and private property. Fencing gives
adjacent property owners the privacy, security, and environmental conditions they desire. Windscreens,
evergreen hedges, and snow fences are three methods used to control environmenta conditions. The style
of the fence should be consstent with the naturd surroundings.

Pant materid isapopular and effective fencing option. Depending on their different growth habits
and forms, plants can be used to separate public and private property. They make an excellent buffer dong
adjacent land where noise is a problem and aso can be used to redtrict or funnel access and direct
circulation patterns. For example, thorny plants can be ingdled in a hedgerow to prevent unauthorized
access between two adjacent tracts of land. Thistype of planting is often significantly less expensve and
more effective than fences or wals.

Design Speed

The speed that abicyclist travelsis dependent on severd factors, including the type and condition
of the bicycle, the purpose of the trip, the condition and location of the multi-use path, the presence of other
traffic, the gpeed and direction of the wind and the physical condition of the bicyclist. Multi-use paths
should be designed for a selected speed that is @ least as high asthe preferred speed of the fagter bicydigts.

In generd, a minimum design peed of 20 mph (35 km/h) should be used; however, when the grade

exceeds four percent, or where strong prevailing tailwinds exist, a design speed of 30 mph (50 krmv/h) is
advisable.

Speed bumps or smilar surface obgtructions, intended to dow bicydigtsin advance of intersections,
should not be used. They may divert arider's attention from traffic or catch apedd causing the cydlist to
fdl.
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Diomond kol with Bilck Pilors Ferco RaiifVegelciion Fence

Spilit Resil Fance Viny-Cooted Chain Link Fence Wood Privacy Fence

Figure 17
Types of fencing.

Source: Greenways - A Guide to Planning, Design and Development, 1988.

Horizontal Alignment

The minimum radius of curvature negotiable by abicycleisafunction of the superdevation rate of
the bicycle path surface, the coefficient of friction between the bicycle tires and the bicyde path surface, the
speed of the bicycle and the amount of lean the bicyclist can handle. Leaning is an important aspect of
bicycle turns; the farther over abicyclist can lean in aturn, the sharper a curve that can be negotiate, given
the limitations of friction. However, novice bicyclists are less able to lean over safely and, therefore, are
unable to negotiate a curve a the same speed as a more skilled rider. For this reason, a conservative
gpproach to setting curve radiusisimportant.

For most bicycle path gpplications, the superdevation rate will vary from aminimum of +2% (the
minimum necessary to encourage adequate drainage) to amaximum of gpproximatdy +5% (beyond which
manewvering difficulties by dow bicydigs and adult tricydists might be expected). The minimum
superelevetion rate of +2% will be adeguate for most consderations and will smplify congiruction.
Negdtive superdevation or reversed curves are to be avoided, since they have the same effect on bicydlists
dability asleaning farther than intended in aturn.

The coefficient of friction depends upon bicycdle speed; surface type, roughness and condition; tire
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type and condition; and whether the surface is wet or dry. Extrgpolating from vaues used in highway
design, design friction factors for paved bicycle paths can be assumed to vary from 0.30 at 15 mph(23
knmv/h) to 0.22 at 30 mph(50 km/h).  Although there is no data available for unpaved surfaces it is suggested
that friction factors be reduced by 50 percent to alow a sufficient margin of safety.

Based upon a superdevation rate (€) of +2%, minimum radii of curvature can be sdected from
Table 4-1.

Table4-1
Design Radii for Paved Bicycle Paths
(e=2%)
Design Speed Desgn Radius Friction Factor

mph (km/h ft (m) f
20 (30) 95 (30) 0.27
25 (40) 155 (50) 0.25
30 (50) 250 (80) 0.22
35 (60) 390 (120) 0.19
40 (65) 565 (175) 0.17

Source: North Carolina Bicycle Facilities Planning and Design Guidelines, 1994

Occasionally, designers are tempted to add curves for the purpose of controlling bicyclist speed
or to provide some variation in the path dignment. While sometimes successful, this gpproach may lead
bicyclists to cut corners when the resulting dignment appears either arbitrary or unsafe at typica approach
gpeeds. Further, if the curve has a sgnificantly lower design speed than the connecting trall, cyclists may
migudge the appropriate approach speed and leave the trall.

When substandard radius curves must be used on hbicycle paths because of right-of-way,
topographica or other congderations, slandard curve warning Sgns and supplementa pavement markings
- such as a solid ydlow centerline - should be ingtdled in accordance with the MUTCD.

The negative effects of substandard curves can dso be partidly offset by widening the pavement
through the curves, up to 4 feet. The additiond pavement may be added on either theingde or outsde of
the curve.

Vertical Alignment and Grades

Paved multi-use paths generdly atract less-skilled and less-knowledgeable bicydlids, so it is
important to avoid steep grades in their design. Bicycligts not physicaly conditioned will be unable to
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negotiate long, steep uphill grades and, as aresult, may well dismount to walk up hill. For amulti-use path
to be considered an acceptable aternative, it should have gpproximately the same amount of climbing as
the roadways serving the same destinations. If it includes sgnificantly more difficult dimbs, few bicydigs
will useit. Since novice bicydigs often ride poorly maintained bicydes and have difficulty in usng ther
brakes for effective speed control, long down grades can cause problems. For thisreason, it isespecidly
important to carefully consder design speed, curve radius, sght distance alowances and intersection
location on lower sections of hills.

The maximum desirable grade rate recommended for bike pathsisfive percent. It isdesrable that
sustained grades be limited to two percent because of the wide range of riders to be accommodated.
Grades greeter than five percent are undesirable. However, where terrain dictates, grades over five percent
and lessthan 500 fet (150 m) long are acceptable when ahigher design speed is used and additiona width
isprovided. Grades stegper than three percent may not be practica for multi-use paths with crushed stone
surfaces because of possible eroson of the facility.

Sight Distance

A bicyde path should be designed with adequate Sopping Sght distances to provide bicycligs with
an opportunity to see and react to the unexpected,. The distance required to bring a bicycle to a full
controlled stop is a function of the bicyclist's perception and brake reaction time, the initid speed of the
bicycle, the coefficient of friction between the tires and the pavement, and the braking ability of the bicycle.

Figure 18 indicates the minimum stopping Sght distance for various design speeds and grades based
on atota perception and brake reaction time of 2.5 seconds and a coefficient of friction of 0.25 to account
for the poor wet-westher braking characteristics of many bicycles. For two-way bicycle paths, the sight
distance in the descending direction, that is, where"G" is negative, will control the design

Figure 19 is used to sdect the minimum length of vertica curve necessary to provide minimum
stopping Sght distance at various speeds on crests. The eye height of the bicyclist is assumed to be 1.35
m (4.5 ft.) and the object height is assumed to be zero to recognize that hazards to bicycle travel exist at
pavement levd.

Bicydigsfrequently ride abreast of each other and near the middle of multi-use paths.  Therefore,
because of the serious consequences of a head-on bicycle accident, latera clearances on horizonta curves
should be caculated based on the sum of the stopping sight distances for bicydligts traveling in opposite
directions around the curve. Where this is not possble or feasible, consderation should be given to
widening the path through the curve, inddling a ydlow center dripe, ingaling a curve ahead warning sign,
in accordance with the MUTCD, or some combination of these dternatives.

Sign type, Size and location should be in accordance with the MUTCD. Care should be taken to
ensure that multi-use path signs are located so that motorists are not confused by them and that highway
sgns are placed so that bicyclists are not confused by them.

If amulti-use path crosses a highway, such a crossing should occur well away from the influence
of mgor intersections with other highnways. Contralling vehicle movements at independent intersections is
more easily and safely accomplished through the gpplication of standard traffic control devices and norma
rules of the road. Where signals are not warranted, congderation should be given to providing amedian
refuge areafor crossing bicycligs. In thisway, they can cross one direction of travel a atime.
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Stopping sight distances on bicycle paths.
Source: AASHTO Guide for Devel opment of Bicycle Facilities, 1991.
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Sight distancesfor crest vertical curveson bicycle paths.
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Source: AASHTO Guide for Development of Bicycle Facilities, 1991.

Where physicd condraints or high motor vehide traffic volumes make crossing at such independent
intersections difficult, the path may be brought to a nearby sgndized intersection and the crossing made at
or adjacent to the pededtrian crossing. Rights-of-way should be assigned and adequate sight distance should
be provided so as to minimize the potentid for conflict resulting from unconventiona turning movements.
It may be necessary to prohibit right-turn-on-red for the adjacent roadway and to provide a separate
demand-actuated phase for the multi-use path. As a multi-use path intersects with a street, efforts should
be made to encourage users of the facility to dow down and notice the intersection ahead. Traffic caming
for multi-use path users can be accomplished by various methods. Figure 20 shows a typica method -
offsetting the path at roadway intersections to warn users of the gpproaching intersection. Some other
methods include: extra warning Signs, extra pavement markings, removable bollards intended to cause
bicyclists to dow or even dismount their bicycles.
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Figure 20
Offsetting the path at roadway inter sections.
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Source: Thomas J. Galeota; Fuss & O=Neill,Inc.

Multi-use path intersections and gpproaches should be on relaively flat grades. Stopping sight
distances at intersections should be checked and adequate warning should be given to permit bicyclists to
stop before reaching the intersection, especialy on downgrades.

Curb cuts at intersections should be the same width as the bicycle paths. Curb cuts and ramps should

provide a smooth transition between the bicycle path and the roadway. See Figure 21 for acceptable curb
cut and ramp detalls.
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Figure21

Curb cut and ramp detail.
Source: Fuss & O=Neill,Inc.

Restriction of Motor Vehicle Traffic
Multi-use paths often need some form of physcd barrier a highway intersections to prevent
unauthorized motor vehicles from using the facilities. At the same time, the barrier should be designed to
minimize the danger it poses for bicyclists and to dlow the passage of emergency or maintenance vehicles.
For this reason, proper materias, adequate design, good visibility and appropriate location are critical.
Whileit is possible to restrict automobile and truck access, diminating motorcycle accessis very difficult.
Barriersthat can kegp motorcydes out may make bicyde access difficult and potentidly dangerous aswll.
At entrances to private driveways, motor vehicle barriers are less important than they are at highways.
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However, if aparticular driveway isfound to be a Sgnificant entry point for motorists, barriers should be
considered there as well.

Lockable, removable posts at path entrances will alow entry of authorized vehicles. Posts should
be at leagt 3-ft. (0.9m) high, permanently reflectorized for nighttime visibility and painted a bright color for
improved daytime vighbility. Ther surface should be smooth and free of protrusonsto prevent snagging a
bicycligt's cothing or equipment.

To dlow appropriate clearances, a (5 ft. (1.5m) spacing between posts should be used (see
Figure 22). Wider spacing can alow entry to motor vehicles, while narrower spacing might prevent entry
by adult tricycles and bicycles with trallers, or present a hazard for less proficient bicyclists. On a 10-ft.
(3m) path, the paving should be flared dightly and one post located near either edge and one post in the
middle. A wider path will require more posts, again spaced at 5 ft. (1.5m).
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Figure 22
Reflectorized post barrier used to keep motor vehicles off bicycle paths.

Source: California Highway Design Manual; Caltrans, 1987.

The barrier should be ingaled in a highly visible location with adequate Sght distance from aither

direction. Lighting may be considered if the location has inadequate street lighting to illuminate the barrier.

Marking an envelope around the barrier is recommended (see Figure 23). If Sght distance is limited,
gpecid advance warning signs or painted pavement markings should be
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Figure 23
Reflectorized post barrier used to keep motor
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vehicles off bicycle paths and marking plan.

Source: California Highway Design Manual; Caltrans, 1987.

provided. It is best to locate the barrier 30-ft. (9m) from the intersection to alow bicycligs to pay full
atention to traffic once they reach the crossing and to remove the barrier from the motorists clear recovery
zone,
An dternative method of redtricting entry of motor vehiclesisto split the entry way for thelast 10
to 30 ft (3 to 9m) before the intersection into two 5 ft. (1.5m) sections that enter the intersection
gpproximately 5 ft. (1.5m) gpart (see Figure 24). The sections may be separated and surrounded by low
landscaping. Emergency vehicles can Hill enter if necessary by straddling the landscaping. The higher
mai ntenance costs associated with landscaping should be acknowledged, however, before this aternative
method is selected. Whether the post or plit entry method is used, pavement markings and signing may
be used to warn bicyclists and direct them in the appropriate direction.
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Figure24

Alternative approach to bike path/roadway inter section.
Source: Bicycle Facility Design; OHDOT, 1988.

Signing and Marking

Adequate signing and marking is essentiad on multi-use paths, especidly to dert bicydidts to
potentid hazards and to convey regulatory messages to both bicyclistss and motorists at highway
intersections. In addition, guide signing to indicate directions, destinations, distances, route numbers and
names of crossing streets, should be used in the same manner asthey are used on highways. In generd,
uniform gpplication of traffic control devices will tend to encourage proper bicyclist behavior. When
deciding whether to inddl asign, the desgner should ask whether he or she would ingtdl one on aroadway
with asmilar situation. Further, using sandard rather than unique signs should reduce sign theft.

Generd guidance on sgning and marking is provided in the MUTCD. Part IX of the MUTCD,
refers specificdly to traffic controls for bicycle facilities.

In order to keep sgns from becoming hazards themsalves, they should be offset horizontaly 3 ft.
(10.9m) from the edge of the multi-use path as previoudy shown in Figure 14.

A dashed 410 6 in. (100 to 150mm) wide yelow centerline should be used to separate opposite
directions of travel. A solid double yelow centerline should be used on curves, especidly those with
restricted sght distance. White edgelines, 4 to 6 in. (100 to 150mm) wide also can be beneficid where
sgnificant night-time bicycle traffic is expected (e.g., near a universty campus).

In areas where pavement markings are found to be cost effective, consderation should be given
to using them in conjunction with warning or regulatory signs, especidly & critica locations. Otherwise,
theft of warning or regulatory sgnsmay result in bicydists not being aware of serious hazards or their legd
duties in a particular Stuation. Care should be exercised in the choice of pavement marking materids.
Thermoplastic and preformed tape, for example, are dippery when wet and should be avoided in favor of
more skid-resstant materids like traffic paint. Whenever congtruction work is conducted on bicycle paths,
it isimportant to Sgn, mark and, if necessary, barricade the congtruction zone with care as shown in the
MUTCD, Part VI. If adetour isprovided, it should be signed appropriately.

Pavement Structure

Designing and sdecting pavement sections for multi-use pathsis, in many ways, smilar to desgning
and selecting highway pavement sections. A soilsinvestigation should be conducted to determine the load
carrying cgpabilities of the native soil and the need for any specid provisions. The investigation need not
be el aborate, but should be done by, or under the supervision of, a qualified engineer.

In addition, severd basic principles should be followed to recognize some basic differences
between the operating characteristics of bicycles and those of motor vehicles. While loads on multi-use
paths will be subgtantiadly less than highway loads, paths should be designed to sugtain, without damage,
whed |oads of occasond emergency, patrol, maintenance and other motor vehicles that are expected to
use or cross the path.

Specid consideration should be given to the location of motor vehicle whed |oads on the path.
When motor vehicles are driven on multi-use paths, their whed s will usudly be a or very near the edges
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of the path. Since this can cause edge damage that, in turn, will result in the lowering of the effective
operating width of the path, adequate edge support should be provided. Edge support can be ether inthe
form of stabilized shoulders or in congructing additiond pavement width. Condructing atypicd pavement
width of twelve fegt, where right-of-way and other conditions permit, eiminates the edge-raveling problem
and offers two additiona advantages over shoulder congtruction. Firdt, it alows additiond maneuvering
gpace for bicycligts, and second, the additiona congtruction cost can be less than for congtructing shoulders
because the separate construction operation is diminated.

It isimportant to congtruct and maintain a smooth riding surface on multi-use paths. Multi-use path
pavements should be machine laid. Soil sterilants should be used where necessary to prevent vegetation
from growing through the pavement. And, on portland cement concrete pavements, transverse joints,
necessary to control cracking, should be saw cut to provide a smooth ride. Skid resstant qualities,
however, should not be sacrificed for the sake of smoothness. Broom finish or burlap drag concrete
surfaces are preferred over trowe finishes. In areas where climates are extreme, the effects of freeze-thaw
cydes should be anticipated. Geotextiles and other smilar materids should be considered where subsurface
conditions warrant.

At unpaved highway or driveway crossngs of multi-use paths, the highway or driveway should be
paved as far as practicable on ether Sde of the crossing to reduce the amount of gravel scattered dong the
path by motor vehicles.

The pavement structure a the crossing should be adequate to sustain the expected loading at that
location. Good qudity pavement structures can be constructed of asphalt or portland cement concrete.

Because of wide variaionsin soils, loads, materids and congtruction practices, it isnot practica to present
specific or recommended typica structura sections. Loca standards for construction, preparation of sub-
base and soil erilization for alow-volume road should, in most cases, produce an adequiate cross section
for amulti-use path. However, Figure 25 shows some typical pavement structural sections.

Attention to the local governing conditions and to the principles outlined above is needed.
Experience in highway pavement design, together with sound engineering judgement, can assg in the
selection and design of a proper multi-use path pavement structure.

Hard, al-westher pavement surfaces are usudly preferred over those of crushed aggregeate, sand,
clay or sabilized earth since these materids provide a much lower level of service. However, with the
growth in popularity of mountain bikes, non-paved surfaces are being consdered more frequently. With
their wider lower-pressure tires, mountain bikes can easily handle surfaces that would prove unstable for
thin-tired bikes. Further, an unpaved path will have a lower desgn speed, reducing the potentia for
conflicts between high-speed bicycles and low-speed pedestrians. The best surfaces for unpaved paths
are crushed stone, stabilized earth or limestone screenings, depending upon loca availability.

Railroad crossings should be smooth and should occur as close to 90 degrees to the direction of
travel as possible in order to minimize the danger of fdls (Figure 26).
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Figure25

Typical pavement structural sectionsfor bicycle paths.
Source: AZ Bicycle Facilities Planning & Design Guidelines; AZDOT, 1988.

45" minimum angle.
If less, a stop sign
should be placed.

Bike Path

Figure 26

Bicycle path railroad crossing.
Source: AZ Bicycle Facilities Planning & Design Guidelines; AZDOT, 1988.
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WALKWAY TYPES

Sidewalks:  In urban and suburban environments, the preferred facilities for pedestrians are
sdewaks. Sidewaks provide positive separation from motor vehicle traffic, a hard smooth surface on
which to wak, and the opportunity to clearly indicate crossng movements at intersections. Sdewaksin
resdentia areas are sometimes used by bicycligts, but cities and towns have the authority to ban bicydists
from riding on Sdewalks.

Paths: In fringe areas, outsde or near the limits of an urban boundary a path may be
gppropriate dong rura roads. A common exampleisapath leading to aschool in arurad setting, where
sdewdks, curbs and drainage are not warranted. The same attention must be paid to safety at intersections
as with multi-use paths.

Shoulders.  Onrurd highway sections, where few residences or businesses abut the roadway,
the shoulder widths recommended by DOT are usudly adequate to accommodate pedestrians. In rurd
aress that are more residentiad in character, but do not have high enough densities to warrant sdewalks,
shoulders should be aminimum of 4 feet (1.2 m) wide
to accommodate pedestrian and bicycle traffic.

— . 0,

Sidewalk Guiddines = c

Width: The minimum dear width for Sdewaksis 3t
(09m), however a width of 5t (1.5m) is
recommended (See Figure 27). If the Sdewalk has 15m
less than 5-ft (1.5m) of clear width, then passng
gpaces at least 5-ft (1.5m) by 5-ft (1.5m) shall be
located at reasonable intervas Figure 27 ot to exceed 200 feet
(61m). Greater sdewak widths should be used in

high pedestrian use aress, such as Centra Business

haip ™
Didricts. L .
Obstructions. The Sdewak sandard isawidth clear % % %é
of dl obstructions such as street furniture, Sgn posts, — t ~ -
utility and sgnd poles, mailboxes, parking meters, fire J
hydrants, trees, etc. As shown in Figure 28 o it
obstructions should be placed between the sidewalk 1.5m

and the roadway, to create a buffer for increased
pedestrian ease. Clearance to vertica obstructions

(dgns, trees, etc.) must be
at least 5 feet (1.5m). Figure 28
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Shy Distance: An additiond 2 feet (0.6m) of shy distances shown
in Figure 29, is needed from vertica barriers such as buildings,

sound walls, retaining walls and fences.

Note Americans With Disabilities Act (ADA) requires that objects
protruding from walls (eg. Sgns, fixtures, telephones, canopies)
with their leading edge between 27" and 80" (685 and 2030mm)
above the finished sdewdk shdl protrude no more than 4"
(200mm) into any portion of the public sdewak. (Per ADA

Accesshility Guiddines)

Figure 30

Figure 29

Planting Strips: Wdl-designed arterid
and collector gtreets should include a planting
drip asastandard. A planting strip should be 5
feet (1.5m) wide or greater, minimum 3 feet
(0.9m), and landscaped with low maintenance
plantings. If parking is alowed, an additiona 2
foot (0.6m) wide concrete pad can be placed
between the planting strip and the curb, to dlow
drivers and passengers to step out onto a hard
dry surface.

High Speed Roadways: Sdewaks should not be placed directly adjacent to a high-peed trave lane
(design speed of 45 MPH [70 km/h] and above). As shown in Figure 30, buffers between the sdewalk
and the lane may include a planting strip, a shoulder barrier, a parking lane or abike lane.

Bridges: The minimum sdewak width, in Connecticut, for

new congruction or recongruction of bridges is 5 (1.5m) (See
Figure 31). Sdewak widths may be increased in aress of heavy
pedestrianstraffic, on desgnated bike routes, or at locations requiring
additional sight distance. For pedestrian bridges, the curb to curb
width of shal generdly match the approach pathway width.
Sidewaks should be carried across a bridge if the approach
roadway has sidewalks or sdewak aress. Elsawhere, one or two
sdewa ks may be provided as warranted by current developments,
anticipated area growth, traffic or pedestrian studies, etc.

Figure 31
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Sidewak curb heights on structures shdl match the exposed height of the approach curbing.
Where curbs are not provided on the gpproaches, the exposed height on the structure shdl be 6" (150mm).

The bridge sdewak width should not be less than the goproach Sdewak width; in ingances where
the approach sdewalks are of differing widths, the lesser of the two widths may be used on the bridge.

Sidewalk Surface and Structure:

All sdewdk surfaces shdl be dip resgstant. The preferred surfacing materid for Sdewalks is
Portland Cement Concrete. It provides asmooth, durable finish that is easy to maintain. Typica sructurd
sections for sdewaks are shown in Figure 32.

Figure 32
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