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Chapter 7

Bicycles

by Michael King

Introduction
Plenty of manuals, guidebooks, and white papers have been written for maintaining the bicy-
cling status quo in North America. This is not one of them. Rather, this chapter reviews the key 
principles and design approaches necessary to make cycling an integrated part of sustainable 
city planning, and an attractive transportation choice for people of all ages and abilities. The 
audience of this chapter is not current cyclists—the stalwart types willing to endure the current 
state of bicycle infrastructure—but, rather, those who like the idea of cycling but fi nd little plea-
sure in its current practice.

Why Invest in Cycling?
Aside from walking, bicycling is the most sustainable form of transportation:

• Ecological Sustainability. The bicycle is the most energy-effi cient form of transportation ever 
invented, given the limited resources required for its manufacture, the minimal maintenance 
needed, and the human metabolism needed for its operation. It is also one of the most space-
effi cient, allowing a remarkable amount of mobility in a small amount of space. Most bicycle 
parts can be refurbished or recycled. No toxic substances are required for maintenance or 
operation of a bicycle. Provided the cyclist enjoys a sustainably harvested diet, bicycles are 
carbon neutral, thus far unique among commonly marketed mobility devices.

• Social Sustainability. As described in Chapter 3 on public health, bicycling supports humans’ 
physical and emotional health. They are also cheap—almost anyone can afford to buy and 
maintain a bike.

• Economic Sustainability. As the price of carbon climbs, bicycling becomes the economic 
salvation for lower-density suburbs. As described in Chapter 8, transit is largely dependent 
upon density for its success. As density drops, so does the potential market for transit. As the 
transit market declines, transit agencies become unable to invest in high-frequency services. 
Because travelers place a high value on their time, people with a choice of modes rarely 
choose infrequent transit. Bicycling, however, works at all densities. Where bicycling and 
transit are planned together, low-density places can be linked—via bikeways—to higher-fre-
quency transit lines. Rather than placing one hourly bus line every half-mile, transit operators 
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74 Bicycles

can place a 15-minute route every 2 miles, so that almost everyone is within an 
easy one-mile bike ride to transit. Of course, making such a system work requires 
completely rethinking suburban roadway design and transit planning.

Increasing Cycling
In the past decade or so, there has been a semi-revolution in the world of cycling 
in North America, particularly in cities where the economic development strategy 
is to attract and retain the “creative class.” There is something about cycling that 
appeals to the young, creative, and upwardly mobile.

Portland, Oregon, is an interesting example. There, city offi cials have noted 
signifi cant increases in cycling for three years in a row. In some Portland neighbor-
hoods, bike commuting is as high as 9 percent. Portland has installed more than 
300 miles of bicycle lanes, bicycle boulevards, and off-road trails, resulting in a 
tripling of its bicycle network since 1991. During the same period, the number of 
bicycle trips across Portland’s four bicycle-friendly bridges has increased over six-
fold (Figure 7-1); meanwhile, corresponding auto counts have remained stable at 
zero growth. Here, relatively low-cost investments in cycling infrastructure are sav-
ing money by stabilizing auto travel as the population continues to grow rapidly (in 
fact, per capita vehicle miles traveled have dropped).  Moreover, as the number of 
cyclists has increased, the bicycle crash rate has declined, as shown in Figure 7-2.

Of course, all of these numbers pale in comparison to the northern European 
capitals, such as Copenhagen and Amsterdam, where despite poor weather, bicycle 
trips exceed automobile trips (Figure 7-3).
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Figures 7-1 
Average daily bicycle traffi c on the 
four main Willamette River bridges 
(Portland, Oregon). Source: City of 
Portland Bureau of Transportation, 
Bicycle Count Report 2010.
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Bridge Bicycle Traffic 2,850 3,555 3,885 3,830 3,207 4,520 5,225 5,690 5,910 6,015 7,686 8,250 8,562 8,875 10,192 12,046 14,563 16,711 15,794 17,576

Reported Bicycle Crashes* 155 163 171 189 195 160 167 166 161 179 175 173 164 174 188 203 186 265 287 *

Indexed Bicycle Crash Rate (Trend Line) 544 459 440 493 514 354 320 292 272 298 230 210 192 196 184 168 128 159 182 *

Bicycle Fatalities 2 0 4 3 2 1 5 3 00 5 0 4 1 4 0 6 0 4 *

“Crash Rate" represents an indexing of annual reported crashes to daily bicycle trips across the four main bicycle bridges. 
*2008, 2009 Reported Bicycle Crashes data reflects increased crash reporting requirements.

Figures 7-2
As cycling increased, the bicycle crash 
rate has declined sharply. (Portland, 
Oregon). Source: City of Portland 
Bureau of Transportation, Bicycle Count 
Report 2010.
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Figures 7-3
Bicycle share of trips in Europe, North 
America, and Australia (percent of 
total trips by bicycle). Sources: John 
Pucher and Ralph Buehler. “At the 
Frontiers of Cycling: Policy Innovations 
in the Netherlands, Denmark, and 
Germany.” Bloustein School of 
Planning and Public Policy, Rutgers 
University 2007. Original data from 
European Conference of the Ministers 
of Transport (2004); European 
Union (2003); U.S. Department of 
Transportation (2003); Netherlands 
Ministry of Transport (2006), German 
Federal Ministry of Transport (2003); 
Department for Transport (2005). 
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76 Bicycles

Key Cycling Principles
Safety in Numbers

The more people cycle, the safer cycling becomes. Conversely, the fewer people 
riding in a community, the more dangerous their cycling becomes. Thus, the pri-
mary goal of a cycling program should be to increase ridership.

In the past decade, the safety in numbers phenomenon has been well 
researched and documented,1 beginning with Peter Jacobsen’s research in 2003. He 
found that:

A motorist is less likely to collide with a person walking and bicycling when 
there are more people walking or bicycling. Modeling this relationship as 
a power curve yields the result that at the population level, the number of 
motorists colliding with people walking or bicycling will increase at roughly 
0.4 power of the number of people walking or bicycling. … Taking into 
account the amount of walking and bicycling, the probability that a motorist 
will strike an individual person walking or bicycling declines with the 
roughly −0.6 power of the number of persons walking or bicycling.2

The conclusions to be drawn from Jacobsen’s and others’ research are coun-
terintuitive but clear: The most effective strategy for improving cyclist safety is not 
the conventional approach of helmets and law enforcement, but rather fi nding out 
what would entice more noncyclists to ride. This is not to say that conventional 
safety approaches are unimportant, merely that they focus on the wrong audience.

Increasing Cycling Numbers

If cycling becomes safer with more cyclists, then increasing ridership will increase 
safety. So, how does one do that? By focusing on people who do not ride.

The fi rst step is to fi nd out why they don’t. A survey of Americans found the 
number one reason for not cycling was lack of access to a bike.3 Surveys of com-
muters who do not ride in Amsterdam, Montreal, and Seattle list distance and 
danger as the top reasons.4 Other reasons include wanting to ride with others (like 
when you take a walk or drive with a friend), and needing to carry packages. In 
sum, potential cyclists need bikes, a place to park their bikes, a reasonable trip 
length, a safe bicycling route, and some storage space, each of which is covered in 
this section.

A BIKE FOR EVERYONE

Yes, you need a bike to ride a bike. It does not have to be yours, but if it is, you 
need someplace to keep it. This suggests that homes, offi ces, and shopping loca-
tions should have bike garages, or at least bike parking, incorporated into their 
designs (Figure 7-4). Hence, building and zoning codes should require bike park-
ing, in much the same way they require auto parking, a number of toilets, acces-
sible design, and so on.

As with any mode of transport, the more universal it is, the more accepted it 
is. In locations where the busses, trains, taxis, and so forth are all integrated into 
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Key Cycling Principles 77

one system, including the payment therefor, transit usage is higher. If there is a 
system, either organized or organic, where everyone has access to a bike, then bike 
usage will be higher. Bike share programs are an example. These operate like bike 
rental programs, but as cooperatives. Hotels and workplaces can offer bikes to their 
customers and employees—and some cities require shared bikes in new develop-
ment. Bikes can be integrated into the train system so that people can use a bike for 
the last (or fi rst) leg of the journey.

BIKEABLE DISTANCES

Trip length is a critical component of cycling. Using the rough guide of a 20-minute 
commute at 10 miles per hour (a “no sweat” pace), cycling has a range of 3 miles. 
Ergo, cycling will be most competitive in locations that have a three-mile average 
trip length. In places where people must travel farther to work, school, and play, 
bicycling can work as part of the trip to a rapid transit line.

A BIKEWAY THAT FEELS SAFE

If your goal is improving bike safety by increasing the number of cyclists, the per-
ception of safety is more important than the actuality of safety. It is not necessarily 
safer—in terms of actual crash statistics—to ride in a bicycle lane or cycle track than 
it is to ride in the middle of the outside travel lane of a major arterial. But only the 
hardiest of cyclists is willing to share the road with high-speed cars and trucks.

Figures 7-4 
Sheltered bicycle parking alongside 
house (Berlin, Germany). Source: 
Nelson\Nygaard.
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78 Bicycles

The research is clear, however, that when cities provide high-quality, dedi-
cated bikeways, people use them.5 “Bike Route” signs and pavement markings are 
insuffi cient. To create many cyclists, it is necessary to provide physical separation 
between vulnerable cyclists and motor vehicles, and design junctions to prioritize 
cycling. This tells cyclists that they do not have to rely on the good will of distracted 
drivers, and that someone is interested in their safety. When developing designs 
that increase perceived safety, it is critical also to address real safety by carefully 
considering how cyclists and motorists interact at intersections, as discussed later in 
this chapter.

A SOCIABLE BIKEWAY

While walking or driving a car, we can chat with the person next to us. Why does 
most bicycle infrastructure assume that biking is a solitary activity?

Even dedicated, lifelong cyclists are confronted with a challenge when they 
have kids. First, they buy a child seat and use it until the little ones are old enough 
to start pedaling themselves. Then they are faced with a predicament: How does 
one ride with a child?

If the child rides on the sidewalk, does the parent follow? Maybe not, 
because this is generally illegal. So, the parent is in the street and the kid is on 
the other side of the parked cars? If the child rides in the street, then the parent 
can join her, but not side-by-side—most bike lanes are just wide enough for one, 
and most jurisdictions forbid riding two abreast. So who goes fi rst, the mom or 
the daughter?

If there is a cycle track of suffi cient width, they can ride together. They can 
talk about cycling. They can talk about safety. These are teachable moments.

Fortunately, many jurisdictions (e.g., New Mexico, Washington) allow cycling 
two abreast.6 Perhaps this is not the solution at all times and in all places, but further-
ing the life cycle of the cyclists seems to be an optimal way to increase ridership.

Great cycling communities have numerous events that celebrating those who 
ride, allow families to ride safely together, or pay homage to dedicated cyclists. 
Some common events include organized and supported rides; Sunday Parkways 
activities, where local streets are closed to cars and cyclists are free to ride; bike 
commute month (or week), during which local companies can compete for the high-
est cycling rates; and bicycle carnivals or events that showcase numerous types of 
cycling. All these events can help to build a cycling culture.

A PLACE TO CARRY AND STORE STUFF

Like everyone else, cyclists have stuff. They go shopping and buy stuff. They take 
stuff to work. They carry stuff to their friends’ houses. With cars, we have trunks for 
our stuff. Something as simple as promoting better baskets and panniers—including 
lightweight lockable baskets—for cyclists can eliminate one of the major obstacles 
to cycling.

A COMFORTABLE RIDE

In the design of bicycle facilities, much is said about type, width, surface, location, 
traffi c volume, and usage. Not much has been written about comfort.
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Key Cycling Principles 79

The photos in Figures 7-5 through 7-8 show four different bike path treat-
ments. They run alongside either the same or similar roadways in terms of speed, 
volume, and number of lanes. When shown these images, people who live in hot 
summer climates invariably choose Figure 7-7—the one with the most shade. 

Figures 7-5
12 feet wide, good separation from 
road, good sightlines, no trees. 
Source: Nelson\Nygaard.

Figures 7-6
12 feet wide, good separation from 
road, satisfactory sightlines, trees with 
some shade. Source: Nelson\Nygaard.
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80 Bicycles

Figures 7-7
6 feet wide, good separation from 
road, poor sightlines, good shade, 
dirt covering path. Source: Nelson\
Nygaard.

Figures 7-8
6 feet wide, no separation from road, 
good sightlines, trees but little shade. 
Source: Nelson\Nygaard.
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Even though this path is the narrowest, has poor sightlines to traffi c, and has dirt 
covering it, it seems the most pleasant place to ride. Some people choose Figure 
7-8, probably because it has some shade. Almost no one chooses Figure 7-5, even 
though it is the widest and has the best sightlines. Hardened cyclists choose Figure 
7-9, probably because they are used to riding with traffi c.

Design So That Everyone Will Enjoy Biking
Creating streets for use by bicycles is as much a question of attitude as of design. 
By its very nature, cycling challenges street design. Cyclists are adept at using all 
available surfaces to move—from roadway to walkway. Cyclists disregard any regi-
men given to a street, creating a more fl uid and more effi cient movement. Cyclists 
come in a variety of skill levels and purposes, from children to commuters, each 
of which demand a variety of facilities. The accomplished designer accepts these 
possibilities and creates streets that accommodate, encourage, and protect cyclists, 
especially the most vulnerable riders.

Cycling Types

Typical literature classifi es cyclists into categories such as advanced, beginner and 
child, or leisure and utility, or commuter and recreational. Although such categori-
zation is helpful, it may be more useful to focus on the type of cycling, not the type 
of cyclist. As Transport for London has discovered:

Figures 7-9
Vehicular cycling: cycling amidst 
busses, trolleys and cars (San 
Francisco, California). Source: Nelson\
Nygaard.
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82 Bicycles

It is also important to remember that individuals may belong to more than 
one group: for example, a single person may commute to work, use cycling 
as an escape activity with their family, and sometimes cycle with their 
children to the shops. . . . Cycling is not a single, homogeneous activity, but a 
number of different activities that have in common the use of a two-wheeled 
unpowered vehicle.7

Most cyclists are covered in a range between two poles:

• Vehicular cycling (see Figure 7-9), when cyclists ride in traffi c and follow the same 
patterns that cars do, such as merging into a left-turn lane to turn left. Vehicular 
cycling is accommodated on all roadways, and in such on-road facilities as bike 
lanes. In the United States, less than 1 percent of the population is comfortable with 
vehicular-style cycling on all roads, and another 7 percent is comfortable with typi-
cal bicycle lane conditions; these fi gures are typical around the world.8

• Nonvehicular cycling, when cyclists behave more like pedestrians than motor-
ists. Nonvehicular cycling allows cyclists to navigate space in more complex 
ways than motorists, so that opposing fl ows of cyclists can intersect without any 
intersection controls and still avoid crashing, just as pedestrians do. Nonvehicular 
cycling is accommodated in paths, cycle tracks, and other facilities not shared by 
high-speed or high-volume motor vehicles. When nonvehicular cyclists use bike 
lanes, rather than merging to turn left, they tend to make a “box turn,” using the 
crosswalks to cross fi rst one street, then the other. About 60 percent of the popu-
lation would like to be cyclists, but would mostly ride in a nonvehicular style.

To allow people to cycle in large numbers and make bicycling safe and com-
fortable for all, streets and paths must be designed to accommodate both types of 
cycling. As in the preceding examples, junctions must allow for cyclists turning with 
traffi c, and cyclists turning with pedestrians. Programs have to address the needs of 
those riding in traffi c, and those who simply will not—no matter how skilled they are.

Comprehensive Network

A bicycle network consists of much more than just bike lanes. A bicycle network is the 
same as the regular street network, save limited-access highways, plus paths, trails, 
and promenades. Bikes can go most places cars can, and most places pedestrians can. 
Thus, it is imperative for all streets to at least anticipate occasional use by cyclists, if 
only for a short stretch. Similarly, dedicated bicycle facilities that link together other 
routes are invaluable in creating a comprehensive network.

A bicycle facility network is:

• Cohesive, making connections throughout the community, including all major 
destinations

• Direct, without unnecessary circuitousness

• Understandable, with clear destination-oriented signage for cyclists

• Integrated, with particular care given to intersections, ensuring that cyclists can 
safely cross boulevards and other major streets (a bicycle network is only as good as 
its weakest link)
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• Enforced, so that cycleways are free of parked cars and 
debris

• Clear, so that both motorists and cyclists know whether 
they have shared or separate spaces

Wayfi nding

Knowing where you are going by bike is important. Positive 
route identifi cation can help to embolden prospective riders 
(Figure 7-10). Highlighting popular destinations can expand 
the universe of cycling. Wayfi nding tools help stitch together 
a network of various bicycle facilities. Wayfi nding programs 
take a variety of forms:

• A series of signs and symbols on the road can be used to 
demarcate routes, distance to particular destinations, and 
upcoming turns.

• Bike lanes and “sharrows” can help guide cyclists 
(Figure 7-11).

• Colored bike lanes can self-identify routes, especially 
through complex intersections and turns (Figure 7-12).

� Figures 7-10
Kiosk with bike map (Madison County, 
Illinois.). Source: Nelson\Nygaard.

� Figures 7-11
Sharrow marking (Brooklyn, New York). 
Source: Nelson\Nygaard.
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Facilities

TYPES

Bicycle facilities can be classifi ed into four general types.

• Off-street path

• Cycle track

• Bike lane

• Narrow lane

OFF-STREET PATHS (AND TRAILS)
Off-street paths (and trails) are cycle routes not part of 
the regular street network, commonly called “shared-use 
paths” in most U.S.-based design and planning documents. 
They include paths along rivers and railroad tracks, 

� Figures 7-12
Bike lane colored green only through 
intersection (Seattle, Washington). 
Source: Nelson\Nygaard.

� Figures 7-13
Typical bike path confi guration. 
Source: Nelson\Nygaard.
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trails through parks and fi elds, promenades, and other places where people 
ride. They can take a variety of shapes and sizes, but should be at least 10 feet 
wide so that two cyclists can ride comfortably together and pass another cyclist. 
They should also be generally straight, level, and shaded. In most instances, the 
paths will be used by cyclists, joggers, skaters, and walkers, so where high vol-
umes are expected, provide separate space for nonwheeled users (Figures 7-13 
and 7-16). Cyclists can attain fairly high speeds on paths, so paths must be built 
using roadway engineering principles. Particular care must be taken when paths 
cross driveways or roads, to ensure that right-of-way is clear for both cyclists 
and cross traffi c, and to ensure that cyclists can cross safely (Figures 7-14 and 7-15). 
At crossings of major roads, a traffi c signal is usually necessary, with automatic 
detection of cyclists on the path. At minor crossings, a 6-foot median refuge may 
suffi ce, allowing cyclists to cross fi rst one direction of travel, then the other, rather 
than waiting for a single gap in both directions.

CYCLE TRACKS (SEPARATED BIKE LANES)
When a bike lane is physically separated from the other lanes in the street, it 
becomes a cycle track. Cycle tracks are generally one-way and wide enough (6 
to 7 feet) for two people to ride together (or one to pass another); see Figure 7-17. 
Care must be taken to maintain visibility for cyclists and motorists at intersections 
and driveways (Figure 7-18). Cycle tracks also require a specifi c maintenance plan, 
including small-scale street sweepers that can fi t into them and clean them regularly. 

Figures 7-14
Bike path crossing rural roadway 
(Madison County, Illinois). Source: 
Nelson\Nygaard.
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Figures 7-15
Bike path with both tunnel under 
roadway and access to roadway above 
(Madison County, Illinois). Source: 
Nelson\Nygaard.

Figures 7-16
Bike path crossing a walkway (Santa 
Barbara, California. Source: Nelson\
Nygaard.
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Figures 7-17
Typical cycle track confi guration. 
Source: Nelson\Nygaard.

Furthermore, cycle tracks must be designed to be clearly 
distinct from the sidewalk, or people will walk in them.

BIKE LANES

A bike lane is a travel lane for bicycles and other 
nonmotorized vehicles. They are generally 4 to 6 feet 
wide and placed between the parking and travel 
lanes (Figures 7-19 and 7-20). Wider bike lanes tend 
to be used as auto lanes unless separated from traf-
fi c and turned into a cycle track. Cyclists tend to be 
more afraid of being hit from behind by a car—a rare, 
but often fairly severe crash type—and less concerned 
about a car door suddenly opening in front of them—a 
common crash type and one that can also be severe 
and possibly fatal. To reduce “dooring,” a 2- to 4-foot-
wide buffer can be striped between the bike and auto 
lanes. In any case, where there is parallel parking, the 
minimum dimension between the curb and the inside 
bike lane stripe should be 13 feet.

On one-way streets, bike lanes may be placed 
on either the right or left side. Right-side bike lanes are 
more expected by cyclists, but left-side placement can 
be used to avoid bus stops, parking, or heavy right-turn 
movements, and will perform better when bike lanes 
on one-way streets are used (illegally, but inevitably) 
as counterfl ow bike lanes. Some bike lanes are used 
only during rush hours and parking is allowed in that 
space at other times.  To highlight important bike lanes 
or note confl ict points, many cities paint their bike 
lanes green, as seen in Figure 7-21, in New York City.

Where on-street parking occupancy is high, bike 
lanes may be blocked by double parking, rendering 
them useless. To reduce this problem, cities can desig-
nate loading spaces, make a dedicated double parking zone, or create a cycle track. 
The best solution is to manage parking so that spaces are always available on every 
block—see Chapter 10 on parking.

NARROW LANES

If a street is too narrow to install a bike lane, one solution is to narrow it further 
to ensure that a driver cannot pass a cyclist except very slowly (Figure 7-22). 
“Narrow” lanes should be no more than 10 feet wide and should be traffi c calmed 
to maintain low speeds (less than 20 mph).9

Narrow lanes are not “shared” lanes, which are typically 13 to 14 feet wide—
wide enough for a driver to pass a cyclist but not wide enough for a bike lane 
(Figure 7-23). Shared lanes cause problems for all but the most intrepid cyclists, 
except where motor vehicle speeds are low.
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� Figures 7-18
Cycle track (New York, New York). 
Source: Nelson\Nygaard.

� Figures 7-19
Typical bike lane confi guration. 
Source: Nelson\Nygaard.

� Figures 7-20
Typical bike lane 
(Minneapolis, 
Minnesota). Source: 
Nelson\Nygaard.
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� Figures 7-21
Applying green paint (thermoplastic 
to a bike lane (New York, New York). 
Source: Nelson\Nygaard.

� Figures 7-22
Typical narrow lane confi guration. 
Source: Nelson\Nygaard.

� Figures 7-23
Narrow, low-speed street—no need for 
bike lane (New Orleans, Louisiana). 
Source: Nelson\Nygaard.
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BIKE BOULEVARDS

Bike boulevards are low-volume and low-speed streets optimized for use by 
cyclists, especially those too timid to ride on larger streets. Bike boulevards are 
typically traffi c calmed and organized to create a continuous route for cyclists 
(Figure 7-24). They are ideal for use in a “safe routes to school” scheme, on 
quiet streets adjacent to commercial strips, and as an alternative to riding on a 
larger road.

Figure 7-24
Typical bike boulevard 
organization.
Source: ILS Schriften 21: 
Radverkehrskonzept Troisdorf, 
Fallstudie zu Niederkassel, 1989, 
ISBN 3-8176-6021-9.  Complete 
citation here: http://www.
opengrey.eu/item/
display/10068/86794 
page 129.

DE FACTO AND AD HOC BIKE FACILITIES

Much of what makes a city’s bicycle network comprehensive is not cycle tracks and 
bike lanes, but rather the de facto and ad hoc bicycle facilities that make the rest of 
the streets amenable to cycling (Figures 7-25, 7-26, and 7-27. These include:

• Low-speed (20 mph or less) zones. These typically do not need designated bike 
facilities, especially if the volume is less than 3,000 vehicles per day.

• Bicycle access at dead-end streets. Where streets are discontinuous, it is impor-
tant to provide connectivity for cyclists. This increases the options for cyclists, as 
cul-de-sacs often have low speeds and volumes—perfect for cycling.

• Ramps on stairs for bikes, especially at highway overpasses and transit stations.
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SELECTING THE RIGHT FACILITY

The difference in speed between autos and cyclists can 
be used to choose the best facility type. Cyclists typically 
ride between 5 and 20 mph. Where the speed differen-
tial is less than 12 mph, cyclists can use the road without 
special provisions (a narrow lane). Where the differ-
ential is greater than 25 mph, a cycle track or buffered 
bike lane is desirable. In between, normal bike lanes are 
acceptable. Table 7-1 illustrates the preferred type of 
bicycle facility given motor vehicle speed.

Intersections and Junctions

Routing bicycle facilities through intersections is a 
complex task that requires more care than facility 
selection. Junctions, by their very nature, are where 
most confl icts occur, and the goal of any junction 
design is to reduce the severity of those confl icts. 
Happily, good design for autos and pedestrians is also 
good design for bicycles—intersections can be made 
safe for all.

The safest way to treat large intersections is to 
break them into smaller parts that can be navigated 
sequentially (Figures 7-28 through 7-32). Turn lanes, 
medians, and refuge islands all contribute to more 
manageable junctions. Signal systems that prioritize 
vulnerable road users (cyclists) can make those users 
more visible and provide confl ict-free crossings.

Cyclists at smaller junctions should operate with normal traffi c, albeit with 
prioritization techniques. Providing specialized facilities for all the turns that a 
cyclist might make will create a overly complicated junction. It is better to calm all 
traffi c and ensure eye contact between driver and cyclist.
Key intersection design points and elements include:

• Visibility. Ensure that cyclists are visible at junctions by maintaining clear sight 
lines and routing facilities adjacent to auto traffi c.

• Turning speed. Ensure that drivers turn slowly and can see cyclists so that they 
might yield.

Table 7-1 Bicycle Facility Selection Based on Speed Differential

Auto Speed Narrow Lane Bike Lane Cycle Track

�40 mph x xx

30 mph xx x

�20 mph xx x

Source: Adapted from Guide to Traffi c Engineering Practice: Part 14: Bicycles. Austroads, Australia, 1999.

Figures 7-25
Median is wide enough for cyclist 
to wait while crossing the street 
(Amsterdam, Netherlands). Source: 
Nelson\Nygaard.
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Figures 7-26
Bicycle shortcut (Davis, California). 
Source: Nelson\Nygaard.

Figures 7-27
Pedestrian- and bicycle-only railroad 
crossing (White Haven, Pennsylvania). 
Source: Nelson\Nygaard.
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B2

Mode
Pedestrian
NMV
MV
Signal
Go
Yield
Stop

� Figures 7-28
The separation principle comes into 
play at large intersections, including 
signal operations. Note the numerous 
islands defi ning the traveled way. 
Source: Nelson\Nygaard.

� Figures 7-29
One option to route a cycle track 
through a junction. The cycle track 
bends outward and cyclists ride 
adjacent to auto traffi c. Source: 
Nelson\Nygaard.
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Median

Station

Pedestrian Realm

Raised Crossing

�Figures 7-30
Routing a cycle track through a minor junction. The cycle track is given priority and is on a raised crossing. A similar 
treatment is recommended for driveways. Source: Nelson\Nygaard.

�Figures 7-31
At a midblock crosswalk, the cycle track or bike lane ends, as pedestrians have priority.. Source: Nelson\Nygaard.

Bicycle Racks

SHELTER

Cycle track width
reduced to minimum

� Figures 7-32
Routing a cycle track behind a bus 
shelter. Source: Nelson\Nygaard.
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• Intersection-only bike lanes and advance stop lines (bike box). Reserve space 
for cyclists at the intersection, so that they may queue ahead of motor vehicles, 
especially if they are turning left. Placing cyclists ahead of drivers at junctions 
increases safety (Figure 7-34).10

• Queue space at intersections. Many cyclists make left turns by proceeding 
straight at the right side of a junction, then queue at the far corner until the sig-
nals change. Demarcating this area for cyclists both informs them of the proper 
place to queue, and also lets drivers know that cyclists are waiting there for a 
purpose (Figures 7-33 and 7-35).

• Limiting right turn on red. Many of the techniques (bike box, queue space) used 
to increase safety for cyclists at junctions are not otherwise possible.

• Permit cyclists to treat stop signs as yield signs, and red signals as stop signs. 
This is the law in Idaho and can address a common complaint among drivers that 
cyclists do not respect stop signs and red lights.11

• Bicycle signals. At complex intersections, it may be helpful to provide cyclists 
with their own signal; for example, to provide separate phases for right-turning 
motorists and through bicyclists (Figure 7-36).

• Separation. If the bicycle facility is separated from the main traffi c fl ow, inter-
section design must be addressed very carefully to provide adequate sightlines 
between bicyclists and motorists, and provide special signalization to reduce 

Figures 7-33
Corner of intersection is painted green 
to indicate location where cyclists 
are to queue (Changzhou, China). 
Source: Nelson\Nygaard.
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Figures 7-35
Area between stop line and crosswalk 
is demarcated with bike stencils to 
indicate to drivers and cyclists that 
cyclists turning left should queue 
in this area (Manhattan, New York). 
Source: Nelson\Nygaard.

Figures 7-34
Bike lane only at the intersection 
(Santa Barbara, California). Source: 
Nelson\Nygaard.
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confl icts between bicyclists and other modes 
(Figures 7-37 through 7-39). Some aspects of pedes-
trian facility design may be useful in addressing 
these intersection designs.

Bike Parking

Bicycle parking is a necessary component of a bicycle 
network. Simply put, one needs a place to leave one’s 
bike at one’s destination, and one needs to be assured 
that it will be there for the next ride (Figure 7-40). The 
following are guidelines for good bike parking.

LOCATION

For bicycles to be fully integrated into the transporta-
tion system, parking has to be located where people 
work, study, shop, play, live, and accomplish life’s myr-
iad errands. Consider the following:

• Observation

• Locate parking where bicycles are currently 
parked ad hoc

• Survey cyclists, bicycle clubs, and advocacy 
groups for desired locations

• Access

• Locate parking as close as possible to building 
entrances (within 50 feet) without obstructing 
pedestrian fl ow (one of the major benefi ts of 
cycling is the ability to ride right up to the front door)

• Avoid locations that require cyclists to carry their bikes up or down stairs, 
through narrow passages, or across other surfaces they cannot ride on

• Where there is not room on the sidewalk, convert car parking spaces (10 bicy-
cles can be easily parked in the space of one car)

• Visibility, security, lighting, weather

• Locate parking in a highly visible places to discourage theft and vandalism

• Locate parking within view of passers-by, retail activity, or offi ce windows

• Explore opportunities to site bike parking within view of any security person-
nel nearby, especially if they have been hired to watch parked cars

• Install security cameras if other measures are insuffi cient to deter theft and 
vandalism

• Ensure that facilities are well lit

• Protect parked bikes from inclement weather conditions, especially for com-
mute cyclists

Figures 7-36
Bicycle signal (Davis, California). 
Source: Nelson\Nygaard.
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Figures 7-37
Organization of bike lanes through 
an intersection. Note how the bike 
path joins with the street to the left 
of the junction. Source: ILS Schriften 
21: Radverkehrskonzept Troisdorf, 
Fallstudie zu Niederkassel, 1989, ISBN 
3-8176-6021-9 , page 119.

PARKING TYPES

RACKS

Often unprotected from weather conditions, bicycle racks are the most abundant type 
of parking facility and generally the least expensive to install. Spatially, they are the 
most effi cient and can accommodate the greatest number of bicycles. There are many 
different styles and forms of racks, many of which were apparently designed by non-
cyclists. Even in nonstandard forms like Figure 7-41, the most effective racks:

• Support the bicycle

• Are securely anchored and cannot be dismantled

• Allow the bike frame to be locked to the rack with a common U-lock and allow 
both wheels to be secured to the rack with a cable

LOCKERS

Bicycle lockers provide a higher level of security than racks and protect bikes from 
weather (Figure 7-42). Users can also store clothing, helmets, and other bicycle 
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Figures 7-38
Organization of bike lanes through an 
intersection. Note how the two-way 
cycle track remains at the top of the 
street, while cyclists wishing to turn 
left transition into a turn lane. Source: 
ILS Schriften 21: Radverkehrskonzept 
Troisdorf, Fallstudie zu Niederkassel, 
1989, ISBN 3-8176-6021-9, page 135.

accessories in lockers. Access to lockers varies, from single-key individual long-
term use, to electronic card locks that allow for multiple users over an extended 
time period, to hourly rental lockers.

SHELTERS/GARAGES/INDOOR

Bicycle shelters and garages require more space than racks and have higher instal-
lation and maintenance costs, but provide a signifi cantly higher level of security, 
especially if a guard is present. Shelters generally consist of rows of bicycle racks pro-
tected underneath a structure that is either fully or partially enclosed (Figure 7-43).

QUANTITIES

The amount of parking should vary by land-use type and geography, with more 
bike-friendly areas having more bike parking. Table 7-2 details some sample 
requirements.
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� Figures 7-39
Rendering of model block showing 
various bike lane permutations, 
including buffered bike lane along 
median, bike lane along left side of 
one-way street, no lane where there 
is diagonal parking that calms traffi c 
along the minor street, bike boxes, 
and raised crossings. Source: Nelson\
Nygaard image created for Blueprint 
for the Upper West Side: a Roadmap 
for Truly Livable streets.  NYS Streets 
Renaissance, 2008, http://
transalt.org/fi les/newsroom/
reports/UWS_Blueprint.pdf.

� Figures 7-40
Bike hung and locked on a fence 
indicates a need for bike parking 
(Newark, New Jersey). Source: Nelson\
Nygaard.
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Table 7-2 Bicycle Parking per Land Use

Land Use Number of Bicycle Parking Spaces/Land-Use Unit Who Would Provide This?

Residential (multifamily) 1 space per 3 units Private developer
Commercial/retail 1 space per 4,000 square feet of leaseable space Private developer
Offi ce 1 space per 5,000 square feet of leaseable space Private developer
School 1 space per 10 students City/school board
Park 2 spaces per acre City
Recreation center 1 space per 1,000 square feet of usable fl oor area City

Measuring Bicycle Success
Bicycle Level of Service (LOS) can be used to locate routes and choose facility type. 
LOS is largely a function of motor vehicle speed and volume, plus available width. 
Figure 7-44 illustrates this relationship. For example, on a 30-mph street with 9,000 
vehicles per day, a bicycle lane yields LOS-C for cyclists. If a higher LOS is desired, 
the following can be done:

• Reduce vehicle speeds

• Lower vehicle volumes

• Construct a cycle track

A higher-quality facility will produce a higher 
level of service for cyclists, which will encourage addi-
tional ridership. In addition, a higher number of cyclists 
on a certain route would necessitate wider facilities.

Further Information
The AASHTO Guidelines for the Development of Bicycle 

Facilities is the standard document for bikeways in the 
United States. It emphasizes on-street bicycle lanes in 
typical U.S. suburban contexts, but it is weak on more 
creative approaches, such as shared streets and cycle 
tracks.

The Dutch Design Manual for Bicycle Traffi c takes a very 
different approach from AASHTO, with an emphasis on 
integrated bicycle design, traffi c calming, and separated 
facilities. It is available in English, and may be ordered 
online at www.crow.nl.

In 2011, the National Association of City Transportation 
Offi cials (NACTO) published its Urban Bikeway 
Design Guide, which includes design and planning 
recommendations for emerging best practices for new 
bikeway designs.  It is available free at www.nacto.org.

Figures 7-41
Bike rack in the shape of a dog (New 
York, New York). Note that both wheels 
can be locked to the rack, the rack is 
secured to the sidewalk, and one can 
lean the bike against the rack while 
locking it. Source: Nelson\Nygaard.
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Figures 7-42
Typical bicycle locker (Los Angeles, 
California). Source: Nelson\Nygaard.

Figures 7-43
Bike parking in car parking garage 
(Minneapolis, Minnesota). Source: 
Nelson\Nygaard.
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Figures 7-44
Bicycle facility selection based on 
motor vehicle speed and volume, 
plus roadway width. Source: Values 
based on Harkey, D. L., Reinfurt, D. 
W., & Sorton, A. (1998). The bicycle 
compatibility index: A level of service 
concept, implementation manual. 
Washington, D.C.: Federal Highway 
Administration.
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