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August 31, 1972

The Honorable Mayor and City Council
City of Davis, California

and

The Office of Architects and Engineers
University of California - Davis

Gentlemen:

Enclosed herewith is the Final report of the Davis Bicycle Circulation and Safety Study. This report, along with the
companion report of the Davis Traffic Circulation and Safety Study, outlines findings and conclusions of the Study
and details alternative improvement programs responding to current and future bike cireulation and safety needs,

The City and University have excellent bike safety records and, considering the level of bike travel in the community
and the existing system of special bike facilities, is a model for other U. S. cities contemplating bikeway systems.
However, at a number of individual locations, physical facilities provided are a contributing factor to poor bike safety
records, Long term European experience with facilities for utility-oriented cycling and Traffic Engineering fundamen-
tals are basic resources for physical design solutions to these problems. European experience also provides invaluable
background for development of bikeway location and design criteria.

The City and University bikeway system is an impressive network. However, several additions to the network are
needed to achieve the objective of providing community-wide bike access equal to or better than that afforded the
automobile. Well designed bikeway extensions into new development areas are essential for future bike safety as
well as to maintain and emphasize the bicycle's role in community transportation.

We appreciate this opportunity to serve the City and University and wish to express our special thanks to the Ad Hoe
Circulation and Safety Committee, to Mr. Lou Weiss, UC Davis Principal Engineer, and to Mr. Dave Pelz, City of
Davis Director of Public Works, for their large contributions to the successful completion of this project. We also
wish to acknowledge the cooperation and assistance of the City and University Police Departments.

Sincerely,

DE LEUW, CATHER & COMPANY W
H. E, Lloyd S

Daniel T. Smith Jr., P.E, 21,913

Senior Vice President Project Manager



CONTENTS

SUMMARY OF CONCLUSIONS AND
RECOMMENDATIONS

CHAPTER I:  INTRODUCTION
BICYCLES IN DAVIS
THE STUDY

CHAPTER Il:  CYCLE FACILITIES,
PLANNING AND DESIGN

TYPES OF CYCLING
Neighborhood
Sightseeing and Touring
Racing
Physical Fitness
Utility Orientated

WHY SPECIAL FACILITIES?

BIKE IMPACT ON TRAFFIC SAFETY

Q0NN ~N

~0

12

DEFINITIONS

OPERATIONAL CHARACTERISTICS OF

BICYCLE FACILITIES
Mixed Use
Bike Lanes
Protected Lanes
Sidewalk and Independent Paths

WARRANTS

System Criteria
Design Selection Criteria

BIKE FACILITY DIMENSIONAL
REQUIREMENTS

DESIGN SPEED AND CURVATURE

GRADES
Overpass vs. Underpass

INTERSECTION TREATMENTS
SPECIAL SIGNALIZATION
GRADE SEPARATION CRITERIA

TWO-WAY BIKE PATH HAZARD

13

14
14
15
16
16
17
17
18
20
22

24
24

26
31
32

33



13

14

15

16

17

18

19

20

21

22

23

24

Designated Bike Turning Lanes

Bicycle~Motor Vehicle Grade Separation
at Intersection, Stevenage, England

Intersection Accident History
Transition Treatments
Bike Turning Movements,

Hutchison - California Intersection

7:30 AM -~ 12:30 PM

Intersection Improvement
Hutchison and California

Typical Placement
Type "B" Traffic Bars

Intersection Improvement
Peter Shields and East Quad

Schematic Plan
Bike Turn Lane Striping

Modified Turn Pattern
Bike Channelization

Bicycle Path Y Channelization

1971 Bicycle Volumes

31

32

33

37

41

42

43

45

46

47

48

60

26

27

28

29

30

3]

32

33

34

35

1970-1971 Daily Traffic Volumes

1971-72 Bicycle Accidents
Age Distribution of Cyclist

1971-72 Bicycle Accidents
Distribution by Time of Day

Anderson Road - Typical Plan
Two-way Left Turn Lane

Anderson - Russell Treatment

Russell - Orchard Park Bike Path
Modification

Scheme A
Richards Blvd. Grade Separation

Scheme B

Richards Blvd. Grade Separation

Scheme B -~ Section Through Underpass
Richards Blvd. Grade Separation

Scheme C

Richards Blvd. Grade Separation

Typical Section - One Way Operation
E and F Streets

61

62

62

63

65

70

72

74

75

76

78




DRAINAGE, GRATE HAZARDS, CURBING

TRANSITION AREAS

CYCLE TRIP-MAKING AND ACTION
RADIUS

CHAPTER Ill: THE CAMPUS AREA

CAMPUS ACCIDENT STATISTICS AND
REPORTING

CENTRAL CAMPUS AREA
CHANNELIZATION
Hutchison Drive - California
East Quad - Peter Shields Intersection
California - North Quad, California -
Peter Shields and North Quad - East
Quad Intersections
! Bike Path Wye

LA RUE BICYCLE UNDERPASS
Improvements - La Rue Underpass
Solutions - Future Applicationa

BIOLETTI WAY - BIKEPATH INTERSECTION

Health Science Center Bike Facilities
Old Davis Road Bike Paths

CAMPUS PATHWAY STRIPING

34
34

35

39

39

40
41
44

45
A7

A7
50
50

51

51
52

52

ON CAMPUS BICYCLE PARKING

Intra=Campus Circulation

CHAPTER IV: THE CITY AREA

ACCIDENT EXPERIENCE AND REPORTING
ANDERSON ROAD

ANDERSON ROAD - RUSSELL BOULEVARD
INTERSECTION

8th Street

Russell Boulevard and A Street

Russell Boulevard

RUSSELL BOULEVARD -~ SYCAMORE LANE
INTERSECTION

RUSSELL BOULEVARD - ORCHARD PARK
DRIVE INTERSECTION

SYCAMORE LANE

RICHARDS BOULEVARD GRADE
SEPARATION

DOWNTOWN CYCLE ACCESS AND
CIRCULATION
F Street Bike Lanes

FIFTH STREET

53
54

57

57

59

64
66
67
68

68

70

71

71

77

80

80



36

37

38

39

E - F Streets One-Way System
North Terminus

Fifth Street Underpass
Sketch Plan

Future Bikeway System

Richards-Montgomery-1-80 Intersection
Bikepath Configuration

TABLES

Bike Facility Criteria - Germany

Minimum Motor Vehicle Travel Lane
Widths

Accident Experience and Reporting

Accident Experience and Reporting

79

81

84

86

18

22

57

58



FOURTEENTH STREET BIKE FACILITIES
EAST DAVIS BIKE FACILITIES

SOUTH DAVIS BIKE FACILITIES
South Davis - Central Davis Linkage

AREA NORTH OF COVELL BOULEVARD
AREA WEST OF STATE ROUTE 113
LINKING NEW DEVELOPMENT
CHAPTER V:  ACTION PROGRAM
EDUCATION AND ENFORCEMENT
CYCLE THEFT AND SECURITY
LIGHTING
RECENT CYCLE FACILITY LEGISLATION
Senate Bill 265 - Bicycle Recreation
and Safety Act of 1971

Senate Bill 1100
Senate Bill 141

Senate Bill 36

Senate Bill 147

Senate Bill 325
REFERENCES

82
83

83
83

87
87
87
89
89
92
25
95
96
96
926
97
97
97

99

FIGURES

10

1

12

Davis Vicinity Map
Existing Bicycle Facility System
Typical Bike Facility Treatments

Relationship of Motor Vehicle Speed
Volumes to Bicycle Facilities Require-

Basic Dimensions
Bicycle Lane and Path Capacity

Relationship of Grade To Allowable Length
of Grade - European National Standards

Motor Vehicle-Bicycle Intersection
Conflicts

Prescribed Bike Left Turn Route

Typical Bicycle Left Turn Paths and
Conflicts With Autos

Offset Pathway Crossing

Modified Offset Pathway Crossing

23

25

27

28

28
29

30



Considering the level of cycle activity, the bicycle
safety record in the City and on the UC campus is ex-
cellent in comparison to other California communities,
However, at a number of specific locations the physi-
cal facilities provided are a factor in bicycle acci~
dent experience; at other locations physical facili-
ties could be provided which would reduce incidence
of certain types of accidents resulting from elements
of characteristic cyclist and motorist behavior.

The results of years of European experience in deal-
ing with utility oriented and recreational cyclists in
urban traffic situations, as documented in numerous
reports and papers, and traffic engineering fundamen-
tals provide a sound basis for bike facility physical
design specifications and locational and functional
design selection criteria. However, further experi-

SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS

ence in North American urban situations may be re-
quired to establish the applicability of certain Euro-
pean design treatments,

Traffic projections indicate that four motor vehicle
lanes will not be needed on Anderson Road, This
means that bicycle lanes can be provided south of
Rutgers Drive without necessitating removal of parking.

Bike lanes are desirable in the downtown to increase
the accessibility to and safety in that area for cyclists
and to reduce the frictional effects of cycle travel on
motor vehicle traffic, thereby increasing traffic capa-
city of downtown city streets. Implementation of an
E-F Street one-way couplet would make space avail -
able for provision of bike lanes on those streets with-
out necessitating gross removal of on-street parking.

1



e Special channelizations for bike traffic at on-campus

intersections would reduce the bike-bike and bike-
pedestrian conflicts which are a major factor in on-
campus, bike-involved accidents.

Reduction in grade profile on the La Rue Road bicy-
cle underpass could improve the poor accident experi-
ence at this location. Future bicycle grade separa-
tions on campus and in the city area as well should
conform to grade profile specifications as outlined in
this report.

Cycle-pedestrian ways provided in each of the alter-
native plans proposed for Richards Boulevard railroad
grade separation reconstruction would be a significant
improvement over existing conditions and would be an
element of the principal cycleway linkage between
South and Central Davis. Cycle facilities incorpor-

ated in Schemes B and C are superior to those provi-
dedjin Scheme A,

The Davis community has the unique opportunity to
create a continuous cycleway completely separated
from motor vehicle traffic and some 3.5 miles in
length (including existing pathways on the UC cam-
pus) in greenbelt area along Putah Creek. This faci-
lity would serve primarily as a recreational route.
However, the Southern Pacific Transportation Com-
pany has plans to replace the existing railroad bridge

crossing Putah Creek with a fill-culvert structure.

The City must act quickly to arrange for inclusion of
a cycle underpass in this design to preserve the oppor-
tunity for linkage to the campus area pathways and
maintain continuity of the route.

In addition to providing cycle facilities on a one-
third mile grid as an integral part of new develop-
ments, the system must be designed to preserve conti-
nuity to bike paths and lanes in existing developed
areas and to provide corridor linkages to community
activity centers such as the campus, the downtown
and the schools.
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INTRODUCTION

BICYCLES IN DAVIS

Davis, California is a small city, 1972 population
27,000, located in the Central California Valley, 14
miles west of Sacramento. An agricultural community
over most of its history and site of one of the seven cam-
puses of the University of California, Davis is currently
experiencing pressures for transition from a rural campus
town to a bedroom community, as suburban development
spreads westward from Sacramento., In speaking of Davis
the word most commonly used is "unique", perhaps the
only accurate portrait of the community as regards its
most outstanding characteristic -~ the bicycle. "Davis"
and "bicycle" are virtually synonymous, Over 20,000
bicycles are kept among a population of 27,000, But
more significant than the sheer numbers of cycles or the
high proportion of ownership is the way cycles are used.

[/ SACRAMENTO

PACIFIC OCEAN
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DAVIS VICINITY MAP




In Davis the bike is far more than a recreational toy or
exercise vehicle. It is a vital element of the transpor-
tation system. Cycles are used for such utility oriented
trips as commuting to and from work, school, shopping
and other trips to specific community activity centers,
Perhaps 30 per cent of the total person travel in Davis
is by cycle.

A number of factors appear to contribute in enabling the
cycle to play this major transportation role. Among
these are mild climate, level terrain and wide streets,
Presence of the University of California campus assures

a high percentage of the population will be comprised of

young adults and the dispersed layout of the campus it-
self encourages use of the cycle, Also important is the
fact that Davis heretofore has been a closely defined and
relatively self sustained community. All activity centers
in the city are within easy cycling range of the most re-
mote households and with relatively little external tra-
vel, the bicycle is a viable mode for almost all trips.
But probably the most significant element in maintaining
the cycle as a viable form of transportation has been the
attitude of Davis residents and city officials and the pro-
visions they have made to insure cycles are not crowded
off city streets by growing automobile traffic.

As the City and University underwent a rapid expansion
in the early 1960's, increased traffic accentuated the
conflict between bikes and motor vehicles, It became
apparent that because of their differing physical and op-
erational characteristics, bikes and motor vehicles were
not compatible in sharing street space, and, if the un-
equal competition between the two were not eliminated,
the bicycle and with it the unique character of Davis
would disappear, In response to this challenge, con-
cerned citizens of Davis introduced to this country the
concept of on-street lanes exclusively for bicycles, This
concept, adopted and implemented by the City in 1966
has led to the creation in the City and on the UC campus
of an areawide system of special bicycle facilities, in-
cluding on-street lanes, separate pathways, grade sepa-
rations, streets closed to motor vehicles and greenbelt
trails. This system is indicated on Figure 2. -
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THE STUDY

The success of the bikeways system is beyond question.
However, in 1971 the City of Davis and the University
of California, acting jointly, engaged De Leuw, Cather
& Company to conduct a study of bicycle circulation and
safety in the city and campus area, Objectives of the
study were to evaluate Davis cycleway system perform-
ance both in terms of overall system effectiveness and
effectiveness of individual facility components of the
system, identify possible functional or safety deficien-
cies, prepare criteria or warrants for extending the cycle
facilities system and conceptual design treatments for in-
tegrating cycle facilities in new developments and for in-
corporating them in previously developed areas, and to
develop specifications and standards for cycle facilities
-~ grades, widths, curvatures, sight distances, etc,

Conceived as developing a general guideline for bicycle
fatilities system extensions in Davis as well as for other
communities caught up in the current bike boom, the stu-
dy has also concentrated on specific Davis problems such
as increasing the bike-pedestrian orientation of the down-
town and reducing bike-bike and bike-pedestrian con--
flicts in the central campus area.

This project, sponsored jointly by the City of Davis and
the University of California, is funded by the National
Highway Traffic Safety Program through the State of
California Office of Traffic Safety. A study of motor
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vehicle facilities needs, the Davis Traffic Circulation
and Safety Study was undertaken concurrently under the
same sponsorship and funding. Though findings of that
study are reported separately, motor vehicle traffic and
bicycle facilities improvements in many instances are
inseparable and several plans presented herein reflect
considerations and findings which are more properly

the results of the traffic study.

Because of Davis' unique long-term experience with ur-
ban, utility-oriented cycling, most basie knowledge of
cycle facilities needs and problems lies with local Davis
residents, Moreover, for a study of this nature to pro-
duce meaningful results and plans and recommendations
which are capable of achieving required community con-
sensus, continued input from the community is necessary
in the plan formulation and evaluation stage.

To this end a fifteen member Ad Hoc Circulation and
Safety Study Committee was appointed, representing a
broad spectrum of city and University community inter—
ests and including as ex-officio members the City Direc-
tor of Public Works and Campus Principal Engineer. The
Committee worked closely with the consultants, meeting
approximately every two weeks between January and
June of 1972, and their familiarity with needs and de-
sires of Davis residents and insights to bicycle circula-
tion and safety problems were vital to the successful com-
pletion of this study program,



CYCLE FACILITIES, PLANNING AND DESIGN

The intent of this chapter is to outline factors affecting
cycle facilities planning and the principles of good de-
sign practice. Many of the coricepts stated here are al-
ready understood and practiced explicitly or implicity
in Davis, Other material is based on research and ob-
servations over the past year in Davis and in several San
Francisco Bay Area communities, Another resource has
been research reports and national standards published
in many northern European countries -- the results of
many years' experience in cycle facilities planning.

Increasingly, communities attempting to establish cycle
facilities systems are looking to Davis as a model. Thus,
the concepts outlined herein are not only intended as
guidelines for future cycle facilities planning in Davis
and as rationale for specific Davis improvements detailed
in the chapters which follow. They are presented with
an eye to assisting other communities in developing cycle
facilities programs.

TYPES OF CYCLING

Purpose of riding is a major factor affecting cyclist be-
havior and corresponding facilities needs. Two princi-
pal classifications of riding can be distinguished: recrea-
tional and utility oriented, Recreational cycling includes
all types of cycling done specifically for purposes of plea-
sure: neighborhood riding, sightseeing ~- touring and
racing.

Neighborhood

Neighborhood riding is most commonly done by children,
It is characterized by a short radius of activity from indi-
vidual residences, pairs or small groups of riders, play
rather than purpose, and unpredictable behavior. While
neighborhood riding may comprise a substantial propor-
tion of total cycling activity, the above noted charac~
teristics make it impossible to design special facilities
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for this usage. However, safety can be enhanced through
education, supervision and urban design practices which
structure the community to minimize motor vehicle traffic
in neighborhood areas.

Sightseeing and Touring

Sightseeing and touring cycling is primarily a fair weather
activity with peaks on weekends, holidays and evenings.
Riders may be individuals, families, or small or large
groups including organized cycling clubs. A broad range
of cycling experience and skills is found among touring-
sightseeing riders and distances traveled and degree of
challenge of routes selected varies similarly. However,
cyclists in this category have in common a preference for
select, visually interesting and scenic routes including
roads and highways with low volumes of automobile and
truck traffic as well as paths and trails. As time saving

is generally not a consideration, meandering routes and
hilly terrain may be positive rather than negative ele~-
ments. Touring-sightseeing cycling is basically a region-
al activity but local facilities should also be provided to
serve local sightseeing as well as to complete and comple-
ment regional systems,

Racing

Racing is practiced by limited numbers of experienced cyc~
lists, Desired characteristics of facilities include loop

courses with smooth pavement surfaces, low motor vehicle
traffic volumes and hills and scenery to add interest.
Special provision of facilities for this group is not usually
a priority for local governmental jurisdiction.

Physical Fitness

Physical fitness riding is not a category of cycling to which
specific rider characteristics can be attributed. While
many persons are motivated to cycle for considerations of
health or physical fitness when they do cycle, their trip
normally falls into the recreational categories of touring,
sightseeing, or racing, or is a utility-oriented irip.

Utility Oriented

While recreational cycling is by nature a daytime, fair-
weather activity, a surprising amount of utility cycling
continues through night hours and during inclement weath-

“er periods, In Davis the vast bulk of cycling is utility

oriented. This is not an unusual situation as communities,
in awakening to the cycle boom of the 70's and surveying
facilities needs, are discovering to their surprise that -
utility oriented tripmaking is the most extensive form of
cycle usage. What is unique in Davis is the level of
utility cycling in comparison to total person travel in the
community. Bikes comprise 67 per cent of AM peak com-
mute hour traffic on a residential collector street ap-
proaching the UC campus, 20 per cent at an arterial in-



tersection north of the downtown and nearly 20 per cent
of PM peak traffic at a principal downtown intersection.
In surveys conducted in 1971, some 60 per cent of the
students and 25 per cent of the faculty and staff at UC
Davis indicated the bike as their primary commute trans-
portation mode. Between 40 and 60 per cent of school
age children ride bikes to school in fair weather. Consi-
dering the above figures in terms of reductions in traffic
volumes, congestion and disruptive impacts of motor
vehicle traffic as well as reduced need for parking and
street facilities, the impact of utility oriented cycling
in Davis is staggering.

Bicycle-motor vehicle traffic friction in the downtown.

The principal characteristic of utility oriented cycling

Is the desire of the rider to reach his destination with a
minimum expenditure of energy and time. As a conse-
quence, cyclist generally will not select routes incor-
porating significant out of direction travel, adverse
grades or stops if more favorable routes are available.
Desire to avoid facilities heavily traveled by motor vehi-
cles and for aesthetically pleasing surroundings are only
secondary considerations. Well designed cycle facili-
ties provided along the cyclist's travel desire lines will
as a rule be used but will be deserted in favor of city
streets if they stray or imply extra expenditures of energy
for stops or grades,

WHY SPECIAL FACILITIES?

As indicated in the preceding discussion, recreational
cyclists generally tend to avoid streets and highways
with high motor vehicle traffic volumes. Consequently,
though recreational cycle facilities are needed to en-
courage and provide improved opportunities for this type
of activity, in terms of safety considerations these needs
have low priority,

Due to inherent relationship of land use distribution to
transportation network form, "arterial" and "collector"
streets are normally the most direct linkages between
residential areas and activity centers of a community.
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As a result, utility oriented cyclist travel desire lines
tend to be along city streets most heavily traveled by

motor vehicles. Bikes and motor vehicles in high vol-
Umes do not mix compatibly. The basic problem seems
to lie in differences in physical and operating charac-
teristics,

Most obvious contrast is physical. Automobiles are large
and sturdy. Bikes are, in relation, small and frail and
their riders are unprotected from impacts. Auto-bike
collisions are almost inevitably injury accidents. Nor-
mal operating speeds of motor vehicles on city streets
range to more than four times the average travel speed
of bikes on level terrain, The speed differential of it-
self causes specific safety problems as well as producing
driver irritation and impatience when delayed by a bike.
The combination of greater speed potential and mass
tends to produce a driver arrogance in which the road-
way is'assumed to inherently belong to the auto, while
the bike, as an inferior vehicle, is expected to yield.
On the other hand the cyclist, motivated by the desire
to maintain the momentum developed through his own
physical exertions, is reluctant to yield street space or
right-of-way if yielding will cost that momentum. Ag-
gressive driver behavior resulting from arrogance or im-
patience plus cyclist willingness to place himself in com-
promising situations to maintain momentum produces con-
frontations and accidents.

10
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Differences in regulation and discipline in operations is
another element of the bike~auto compatibility problem.
Safe and expeditious flow of vehicular traffic depends on
an organized system of behavior, a system which produces
regularity and predictability in the movement of vehicles
in traffic. To this end an extensive body of operating
codes and a system of signs, signals and markings has
been developed over time. Driver understanding of oper-
ating codes, signs, signals and markings is insured
through formal driver education and required licensing
with regular testing incorporated in the licensing proce-
dure. All auto drivers are adults or near adults of whom
mature and rational behavior is expected. Strict enforce-
ment by law officers results in general compliance with
codes and controls.

Cycles are bound by the provisions of the vehicle code
and other local ordinances but there is no cyclist licen-
sing~testing procedures and cyclist education normally
begins and ends with the single lesson of mastering the
art of balancing on a two-wheeler. Thus, the cyclist,
even if he generally understands the provisions of the
vehicle code, may not feel that it applies directly to
him. This feeling is reinforced by inconsistent and lax
enforcement of codes and ordinances with respect to
cycles and by the fact that in many cases prescribed
procedures run against the natural rational inclination
of the cyclist. To the motorist a "STOP" sign has d




single clear message "Come to a complete stop." For
the cyclist, blind obedience to such a sign conflicts

with the overriding desire to maintain momentum, He
regards the "STOP" sign as a warning of inherent danger
at the intersection but in most cases will obey it only if
cross traffic is visible, Cyclists may understand that
hand signals provide desirable informational exchange
and may know the correct procedures for signaling. How-
ever, the act of hand signaling makes maintaining bal-
ance and executing turning movements difficult, even
dangerous. Thus, cyclists will give turn signals only
when they perceive clear danger to themselves and per-
haps not even then, Bike left turns are themselves an-
other example of unpredictable behavior. Instead of
regularly following a prescribed left turn path, the cyc-
list will select the route which, according to the instan-
taneous perceived traffic situation, will allow mainten-
ance of momentum through the intersection. Wrong way
(opposed to motor vehicle traffic) riding is another com-
mon violation of code., At times this is done for shorter
travel distance considerations but in other instances it

is due to a physical characteristic of the bike: most have
no rear view mirrors. Wrong way riding allows the cyc-
list to see traffic which will pass closest to him. Added
to the frequent non-observance of code are the facts

that the bicycle is a basically unstable vehicle of which
even a skillful rider may lose control and a considerable
segment of the riding public is comprised of children

who may not have fully mastered necessary physical skills.

B AT
As Eighth Street traffic becomes congested,
encroachments on the bike lanes increase.

The result when one mixes motor vehicle traffic, depen-
dent on and anticipating orderly and predictable be-
havior, with bicycles, the traffic stream behavior of
which is dominated by other considerations, is conflict.
The need for separate facilities or facilities which re-
sult in predictable patterns of travel and resolve con-
flicts is clear.

11



BIKE IMPACT ON TRAFFIC SAFETY

Recent experience in Davis and the results of studies.
conducted in European countries generally substantiate
the conclusion that special bicycle facilities make a
positive contribution to traffic safety,

Davis experience is difficult to quantify in a meaningful
statistical way. Because mechanical or electronic bike
traffic counting devices are not generally available,
bike traffic volume measurements must be conducted
manually, And since bike traffic volumes in Davis
change sharply over very short segments of individual
streets, the level of effort required to provide inputs for
accurate determination of accident rates per bike-mile
makes such computation impractical. Moreover, the
substantial population growth in the community with
attendant increases in bike and motor vehicle traffic
brings quest ion to the validity of comparing current
bike accident totals to totals prior to the implementation
of the bike facilities system. However, a number of
factors point to the effectiveness of special facilities in
reducing cycle accident occurrences.

e Davis' record of only 31 reported cycle-involved acci-
dents in the past year is outstanding for a community
of this size notwithstanding the extraordinary level of
bicycle travel in Davis.
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¢ Over the two-year period for which accident records
were studied in detail only two of 74 reported bike-
involved accidents occurred in the bike lanes, In
fact, in the more than five years since bike lanes
were first introduced in Davis, only a handful of mid-
block accidents have taken place in the lanes.

e Of the three Davis street segments having highest
rates of bike accidents per mile, two have no bike
facilities and the third only partial provisions for
bikes. These sireets serve significantly lower bike
traffic volumes than streets having lower acecident
rates which do have bike lanes or paths, If suffi-
cient volume data were available to compute the
accident rates per bike-mile, rates on the three
accident-prone, no-bike-facility streets would be
several times the rate on the most accident-prone
streets which have bike facilities.

e Both motorists and cyclists in Davis indicate feelings
of general uneasiness and apprehension in mixed
traffic situations and feelings of increased security
in areas where cycle facilities are provided.

European accident studies generally indicate safety bene-
fits of bike facilities. The most recent of these, repor-
ted by the Danish Council of Road Safety Research (1),
presented results of a three-year study concluding that
bicycle lanes have a clear influence on the number of



bicycle accidents and their distribution between road
sections and intersections, The study reviewed three
year accident experience on four 4- to 5-mile roadway
segments with roughly equal numbers of cross streets, two
of the segments having bike lanes and two having no spe-
cial bicycle facilities. Principal findings were:

® On roadway sections with bike lanes, the rate of
bike accidents per bike-mile is significantly lower
than on sections without bike lanes. Bike lanes
appear to produce a 40 per cent reduction in bike
accidents per bike-mile overall.

o The bike lanes reduced midblock accident rates by
60 per cent but intersection accident rates were
marginally higher with bike lanes provided (the latter
difference is not statistically significant),

e While accident rates at intersections did not differ
significantly, bike lanes produced substantial changes
in the pattern of accidents, with right=turning motor
vehicles striking cycles moving straight through the
intersection increased,

The Danish study findings are supported by results of
accident research in England (2), France (3), and The
Netherlands (4, 5). However, the complete relevance
of the latter two studies is of some question as moped
(motor assisted bicycle) traffic is permitted in the bike

lanes. In any case, the European literature substantiates
that bike lanes do produce significant reductions in
overall bike accident rates primarily by reducing mid-
block accidents, The European accident research also
indicates certain accident hazards inherent in two-way
sidewalk pathways (3). This problem is discussed in de~-
tail in a subsequent section.

DEFINITIONS

Considerable ambiguity, overlapping and conflict ex-
ists in current usage of terminology describing bike fa-
cilities. The following definitions are presented to
clarify terminology which is used consistently in this
report and to propose this terminology for general usage.

e Mixed Use: Bikes and motor vehicles sharing street
space with no provisions for segregation of traffic.

o Bike Route: A street or system of streets and ways
with signs denoting them as a "Bike Route," The
signs warn motorists to anticipate bicycles on these
streets and indicate to cyclists a desirable routing
because of low traffic volumes or good grade pro-
files, a possibility of scenic views or continuity to
activity centers. Most commonly "Bike Routes" im-
ply streets in mixed usage but they may include seg-
ments of the various types of exclusive bike facili-
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ties described below. In non-capitalized form,
"bike route" indicates bikes' line of travel to reach
a specific destination.

Bikeway, Cycleway: General terms encompassing
all of the exclusive bike facility treatments des-
cribed below. Both most commonly denote bike
facilities which are off the street or highway pave-
ment but not necessarily separate from the roadway
right-of -way, :

Bike Lane: An on-street treatment in which separate
auto and bike travel lanes are designated visually by
signs and street markings.

Protected Lane: An on-street bike lane in which a
positive physical separation is placed between bikes
and moving motor vehicle traffic. Separation may be
achieved through striped buffer areas, raised and
possibly landscaped median strips or by placing the
lane between parked cars and the curb,

Bike Path, Pathway: General terms denoting bike
facilities off the roadway surface though not neces-
sarily out of the roadway right-of-way., .

Sidewalk Path or Wide Sidewalk Treatment: A bike
path within the roadway right-of-way which may be
used by pedestrians as well as cyclists.

o Independent Path: A cycle facility in its own right-
of-way, entirely separate from streets and highways.

Includes pathways specially provided for bicycles,
park and greenbelt trails, service roadways along

utility rights-of-way, drainage and irrigation canals,

etc.

e Mall Treatment: A block or blocks of city streets
closed to motor vehicle traffic with the exception

of emergency and possibly service and public tran-

sit vehicles.

Typical examples of several of these treatments are
illustrated on Figure 3.

OPERATIONAL CHARACTERISTICS OF BICYCLE
FACILITIES

pilxed 5o

Characteristics of the mixed use situation have been

generally described in the foregoing section on the need

for special bicycle facilities. Mixed use of streets is

desirable only when traffic volumes and speeds are low

as on local residential streets,




BIKE LANE
(DAVIS TYPE A)

4 )

(] . * . ’ 1]
L0 & . . W . 6 8

" PARK, ' BIKE AUTO TRAVEL  BIKE PARK.
ONLY ONLY

PROTECTED LANE
PHYSICAL SEPARATION

(DAVIS TYPE B) ‘é

R P S ) " 14' L, 8 0
BIKE  PARK. AUTO TRAVEL " PARK. BIKE
ONLY ONLY

PROTECTED LANE
SPATIAL SEPARATION

.- A

o 8 wvaR, v w ot 1 VAR, 8"
BIKE  BUF- AUTO TRAVEL BUF- BIKE
ONLY FER FER  ONLY

3

TYPICAL BIKE FACILITY TREATMENTS

Bike Lanes

With proper education as to their use, bike lanes have
proven effective in separating flows of motor vehicle
and bike traffic and in reducing midblock car-bike acci-~
dents. The defined space eliminates the tendency for
cyclists to distribute themselves over the roadway cross-
section and gives the cyclist a sense of security. Fur-
thermore, presence of the bike lane itself serves as a re-
minder to the cyclist of his responsibilities to observe
traffic regulations. For the motorist, the bike lanes pro-
vide a predictability and sense of security and the re-
moval of the slower bikes from the motor vehicle lanes
results in improved operations and copacity. However,
the lanes do not physically prevent motor vehicles or
bikes from encroaching on the territory of the other and
encroachment, some deliberate, some inadvertent, does
occur, Inadvertent encroachments are relatively rare ...
the car which strays from its normal lane, loses control
or makes a panic maneuver in an emergency situation,
the cycle which veers out of the bike lane to avoid a
parking or de-parking car or to avoid the open door of

a parked car all are examples. Deliberate encroach-
ments are more common. . .the right turning car which
makes its approach to the intersection in the bike lane,
the car which enters the bike lane to avoid another car
which is blocking the motor vehicle lane while awaiting
the opportunity to execute a left turn to a driveway at
midblock or to a cross street, the bike which suddenly
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leaves the lane and crosses the street at midblock to
reach a destination on the other side or the cycle which
leaves the lane approaching an intersection in order to
execute an unauthorized form of left turn which will
allow it to mdintain momentum. . .are some of the com~
mon forms of deliberate encroachments. Encroachments
are partially an element of the intersection problem
which is discussed subsequently. However, encroach-
ments tend to increase with increased motor vehicle
volumes (particularly as capacity is approached) and
speeds, thus on high speed-high volume streets more
positive physical separation is desirable.

Protected Lanes

Protected lanes in varying degrees provide elements of
positive physical separation between cycles and motor
vehicles. Lanes protected by visually delineated buffer
areas are very similar in operation to unprotected on-
street lanes with the exception that the. width of the
buffer area tends to reduce the level of encroachment
and frictional effects of traffic. Lanes protected by
raised buffers more completely reduce encroachments
and frictional effects. Protected lanes located between
the parking shoulder and curb line have most positive
separation. However, the parked cars create sight dis-
tance problems at driveways and intersections. Inabili-
ty for cyclists to cross streets at midblock in this type of
treatment results in two-way usage which, in turn, leads
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to intersection problems described subsequently. Protec-
ted lane treatments are most appropriate for very specia-
lized situations; typically in cases where parking turn-
over produces high frictional effect in the bike lanes,

on rural secondary highways where high speed traffic
makes protection desirable, where wide pavement and
shoulder width is available but parallel pathways are
unfeasible, and in very specialized circumstances when
a buffer between motor vehicle traffic and abutting land
uses is desirable.

Sidewalk and Independent Paths

Sidewalk pathways eliminate midblock bike-motor vehi-
cle friction. However, frictional interference of pedes~
trians may discourage usage of these facilities as does
frequent interruption by cross streets and driveways or
meandering of the path. An additional problem is es-
tablishment of a visual relationship between motor vehi-
cles and cycles on the sidewalk path on approaches to
intersections. Sidewalk paths are most effective on long
stretches uninterrupted by cross streets where there is no
frontage development or where frontage development is
oriented to internal streets. Independent paths provide
the most desirable environment for cycling. However,
care must be taken to avoid compromising the primary
objective of serving origins and destinations without
necessitating significant out of direction travel. Addi-
tionally, independent paths tend to intersect roadways



at isolated locations away from regular street inter-
sections and thus may result in poor accident experience
as discussed subsequently.

WARRANTS

Criteria for locating bicycle facilities and for specifying
their conceptual design treatment depend on public poli-
cy determinations, physical constraints and operational
considerations. In Davis as in most European countries
the overall rationale in providing the facilities has been
to afford the cyclist safe and convenient community-
wide accessibility equal to or better than that afforded
the auto (6, 7). With this rationale, facility specifi-
calion proceeds on the basis of physical, functional and
network service continuity criteria. Other communities

may have more limited objectives such as improving condi-

tions in accident prone locations, serving high bike traf-
fic generators such as schools, or providing essential
recreational facilities. Again, functional criteria re-
late most closely to achievement of these objectives.
Cost-benefit evaluations have not been a major deter-
minant in planning cycle facilities. Many inputs are
elements normally costed to quantified in typical high-
way and transit analyses, . .cost of physical facilities,
value of reduced accidents, savings in transportation
costs, value of reduced traffic congestion, savings in
costs for provision of parking and other auto-oriented

facilities, reduction in air pollution, etc. But quanti-
fications on the micro-scale necessary for cycle facili-
ties decision-making is impractical if not impossible.
Moreover, non—quantifiable factors. . .the sense of secu-
rity afforded, the fact of having the viable choice of
safely using the bicycle as a regular transportation mode,
the community image and character elements, to cite a
few...appear to be as important to decision-making as
costable or quantifiable criteria.

System Criteria

Warrants for special cycle treatments in European coun-
tries are generally based upon threshold levels of motor
vehicle and bicycle traffic volumes taken singly or in
combination. Volume specifications are grossly incon-
sistent from country to country with some including mopeds
in the cycle volume count. Most do not take into consi-
deration relevant conditions such as traffic speed, pave-
ment and right-of~way width, presence of heavy trucks
in traffic, previous accident experience or abutting land
use, German specifications, which have achieved the
most general acceptance, are presented on Table 1 (8).
They indicate provision of cycle facilities at volume
levels which reflect collector street function or higher
type facilities.

Placement of cycle facilities along all collector and
arterial streets as implied by the German standards re-
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lates well to new town planning practice in The Nether-
lands (7). There it has been determined that to achieve
the objective of community-wide cycle accessibility, a
one~third mile spacing of the cycle facility grid is
necessary. In the United States, one-third mile is the
average arterial-collector street grid spacing in low-
medium density residential areas. This is roughly the
spacing of the Davis arterial-collector street grid, Thus,
grid spacing of streets where traffic volumes reach levels
which make provision of cycle facilities desirable from

a safety standpoint is roughly equal to the grid spacing
desirable to facilitate community-wide cycle accessibility,

Table 1

BIKE FACILITY CRITERIA - GERMANY

Motor Vehicle Bicycle

Volume Volume Conditions | Type

2000 ADT 500 cycles/day |Urban Lane or Pathway
3000 ADT 200 cycles/day |Urban Lane or Pathway
2500 ADY 200 cycles/day |Rural Lane or Mixed Use
2800 ADT 30 cycles/hr. |Rural Lane or Mixed Use
2500 ADT 200 cycles/day |Rural Lane or Pathway
2500 ADT 30 cycles/hr.  [Rural Lane or Pathway
Source: B
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For this reason and for the fact that community activity
centers, which are the primary destinations of utility~
oriented cyclists, tend to be located along the arterial-
collector street system, it is recommended that cycle
facilities be placed along all arterial and collector
streets, Other cycleways should be provided as neces-
sary to achieve a network grid with spacing at least as
fine as one-third mile and to serve any major cycle traf-
fic generators located off the arterial-collector system,
Facilities along streets could be replaced by parallel
independent paths in greenbelt areas and other avail-
able rights—of-way if essential network continuity and
direct service to cyclists' destinations could be main-
tained. Otherwise, these independent pathways should
be regarded only as supplements to the major grid system
or recreational route options,

Design Selection Criteria

The foregoing indicates generalized areawide system
criteria but does not provide guidelines for selection of
specific design treatments for individual facilities, De-
sign selection should be based upon the functional
characteristics of the various bikeway types as outlined
previously and the relevant character and constraints

of the individual corridor in question, These include
traffic volume and speed, truck traffic volume, acci-
dent experience, existence of bus routes and bus stops,
pavement width and right-of-way availability, abutting
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land use and grade profile. To date no comprehensive
methodology for bringing together these elements in a
design selection process has been detailed. The follow-
ing guidelines are set forth on the basis of individual
established criteria, empirical observations and engi-
neering~planning judgment and should be regarded as

a first step in developing a comprehensive design selec-
tion methodology.

Figure 4 presents a scheme for specification of bike
facility treatment on the basis of motor vehicle volume
and speed. Once volume-speed limits of a given type
of treatment are exceeded, a higher type treatment is
mandated. However, a higher type treatment may be
substituted at any time on the basis of other consider-
ations even if volume-speed limits of a lower type treat-
ment are not exceeded,

In the figure, mixed use is indicated only where ex-
posure levels are low; volume-speed standards are set
at the upper limits of local street function. On-street
lane limits are defined first by the traffic volume level
at which deliberate motor vehicle encroachment on the
bike lanes could be expected due to congestion and
second the speed limit at a level at which the lanes be-
come psychologically ineffective and the wind and road
debris stirred up by motor vehicles become a factor.
Tolerable volume level obviously depends on the indi-
vidual street section and would be defined as the nomi-
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nal ADT volume at which level of service "D" opera-
tions are incipient. Operating limits for protected
lanes and sidewalk paths are difficult to define since in
most instances these treatments will be utilized under
special circumstances; a protected lane where parking
turnover is high or a sidewalk path where insufficient
pavement width is available for an on-street lane are
examples. However, there is a limited volume-speed
range between the upper limit of applicability of on-
street lanes and the level at which independent path-
ways become desirable. In this range the protected
lane properties of eliminating motor vehicle encroach-
ments and wind blast effects are significant. The upper
limit of this level or threshold level at which indepen-
dent pathways are mandated occurs where the motor
vehicle volume-speed profile becomes such that com-
plete separation of bike and motor vehicle movements,
particularly at intersection or interchange areas, be-
comes necessary.

Other Considerations:

e Provide protected lanes or sidewalk paths over on-
street lanes where parking turnover is high, on low
headway bus routes, or where truck volumes are

heavy.

o Provide sidewalk or independent paths where insuffi-
cient pavement width is available for on-street

20

facilities.

e Provide independent paths where short block spacing,
frequent driveways and incompatible land use front-
age would interfere with operation of sidewalk paths
or protected lanes.,

e Where available greenbelt or other available rights-
of-way offer the opportunity to provide direct ser-
vice independent of motor vehicle rights~of-way,
provide independent paths,

BIKE FACILITY DIMENSIONAL REQUIREMENTS

Figure 5 illustrates the basic elements of bike facility
space requirements: the area occupied by the cyle and
rider, the maneuvering room required since the cyclist
is incapable of traveling in a perfectly straight line,
and the additional clearance required for shy distance
from horizontal and vertical obstructions. The dimen-
sions are conversions to the nearest inch of German
standards which have nearly worldwide acceptance (8).
As indicated in the figure the basic lane width is 40
inches (1 meter), not including shy distance to obstruc-
tions beyond the edge of pavement. In the case of
multi-lane pathways, it is permissible for the external
maneuvering allowance to overhang the edge of pave-
ment,
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* .o to these standards the minimum width for a
sit.1e on-street bike lane would be slightly over 4 feet
including right-hand shy distance between the bike and
curb or parked auto but with left-hand shy distance
assumed to be included in the width of the motor vehi-
cle traffic lane. However, it appears desirable as a
general practice to provide two-lane widths for all on-
street bike lanes as well as for any bike pathway. This
practice is recommended in almost all national standards
and is particularly important in the case of on-street
lanes as it allows one bike to pass another or to avoid

a parked car's open door without encroaching on the
motor vehicle traffic lane. The Davis "Type A" on-
street lanes are only 6 feet wide, less than the 80 inches
required for two-lane maneuvering allowance alone
with no shy clearance. However, most parked cars do
not utilize the full 8 foot reservation of the standard
curb parking strip and shy distance can be assumed to

rbe supplied within the parking lane allocations. The

Davis "Type A" lanes (see Figure 3) in practice func-
tion as two-lane facilities but this width must be consj-
dered the lower limit of effective two-lane function.
Where street width is available, 7 or 8 foot bike lane
width is desirable.

Table 2 indicates basic minimum widths for vehicie
travel lanes by street functional classification, Based
on this and the preceding information, minimum collec-
tor or local street pavement width for provision of a
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single on-street bike lane in each direction would be
44 feet with parking allowed on both sides, 28 feet if
parking is prohibited on both sides. Minimum width
for provision of the more desirable two-lane bike lanes
in each direction is 50 feet with parking permitted,

34 feet if parking is prohibited.

Figure 6 presents capacity of level bikeways as a func-
tion of width as interpolated from various European stan-
dards (4,8,10,11,12). Definitive research on bikeway

Table 2
MINIMUM MOTOR VEHICLE TRAVEL LANE WIDTHS

Width

Type in Feet
Expressway 12
Arterial 1
Colléctor

San Francisco Residential 10

Other n
Local

San Francisco Residential 10

Other 1
Source: Traffic Engineering Handbook
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capacity has not been completed and the European source
material is not fully consistent, However, as can be
seen from the figure, hourly capacity of the basic 40-
inch lane is over 1,000 bikes per hour and relatively
limited pathway widths afford capacity in excess of that
which might be required even in the most heavily travel-
ed areas.. Thus, basic maneuvering space, level of ser-
vice and other considerations will determine bikeway
width rather than capacity.

DESIGN SPEED AND CURVATURE

Possible bike travel speed on level terrain ranges to more
than 30 miles per hour. Individual cyclist speed is affec-
ted by numerous factors including weather (wind, temper-
ature, wet or dry roadway surface), type of bicycle
(weight, gearing), roadway conditions and the cyclist
himself (physical condition and motivation). Average
travel speeds on level pavement as observed both in

Davis and in Europe fall in the 10-11 mile per hour

range and 10 mph appears an appropriate design speed

for bikeways (8,13). Minimum curve radii on bikeways
should permit unbraked turns at design speed. German
standards call for a minimum radius of 16.4 feet (5 meters)
for a 10 mph curve. Recent experimental work in the U,
S, indicates a radius of 14 feet would be satisfactory for
10 mph design speed and has postulated the following
equation for determining required radius as a function



of speed (14).

R=1.25V +1.4 where
V = speed in mph

R = curve radius in feet

While most bike facilities are on the alignment of road-
ways designed to accommodate the greater turning radius
requirements of motor vehicles and will not be of con-
cern, the above equation enables evaluation of critical
curves at the foot of downgrades where high cycle speeds
can be anticipated and greater turning radii are desirable,

GRADES

Grade profiles permissible under several European stan-
dards are presented on Figure 7. Since grade climbing
ability varies with the physical characteristics of the in-
dividual cyclist and the characteristics of his bicycle,
the various profiles are based on assumption of an aver-
age "design cyclist" plus "design bicycle" and an ‘accep-
table level of effort the cyclist might expend in climbing
the grade. Background data and assumptions used in de-
termining the various grade profile curves is not well
documented, But from the composite standards in the
figure it is clear that there is a sharp drop in the length
of grade which can be tolerated if gradients exceed 5
per cent (4,8,10,11,12). It is also clear that the Euro-
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pean standards recommend significantly shorter and less
steep grade profiles than those on existing bikeway grade
separations in Davis. Minimized adverse grade and
length of grade is essential on facilities designed to di-
vert cycle traffic away from motor vehicle roadways,
especially in the case of bikeway grade separations. It
is recommended that the profile be adopted as a standard
for grade separation approaches. For facilities paral-
leling roadways, application of the grade standards
would be less stringent, the principal criteria being that
steepness and total change in elevation along the bike-
way should be no greater than that along the roadway.

Where terrain makes steep gradients inevitable it is at
times possible to reduce the effective grade along the
bikeway. The Dutch (4) recommend provision of grade
breaks (horizontal sections at least 330 feet in length) if
maximum length-steepness relationships would be ex-
ceeded. Where ample right-of-way is available, a
"switchback curved” path would.reduce the effective
steepness.

Overpass vs, Underpass

Acceptability of a grade separated bikeway crossing of
a motor vehicle roadway to utility oriented cyclists is
closely related to the convenience of using the over-
crossing as compared to attempting to find a gap in traf-
fic sufficient to make a safe at-grade crossing. In addi-
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tion to location of the crossing along bike travel desire
lines and proper alignment of its approaches, grade pro-
file is a key factor in determining the attractiveness of
the crossing. )

Ideally, bikeways would remain at grade with motor
vehicle roadways depressed to pass beneath or elevated
to pass over them, This is often possible in the case of
separations with freeways as freeways are generally de-
pressed or elevated through most urban areas. However,
full depression or elevation or urban arterial roadways
for purposes of bikeway grade separation is not practi-
cal as this might interfere with provision of access to
abutting property or complicate connection to cross
streets. In addition, costs for depression or elevation
of the roadway section exceed by orders of magnitude
the cost to depress or elevate the bikeway. Thus, the
planner of a bikeway grade separation with an urban
surfoce-street is faced with the choice of imposing a
grade change on the cycleway by placing it on over-
pass or in underpass,

Required overhead clearance of motor vehicle roadways
is 15 feel; with allowance for structure, the surface of
a bikeway must be 16.5 or 17 feet above roadway sur-
face elevation, Required overhead clearance for a
bikeway is 8 feet 4 inches. With allowance for struc-
tural depth, bikeway surface elevation in an underpass
must be at least 10,5 feet below that of the roadway
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surface. The difference in overhead clearance require-
ments favors the underpass, Another advantage is the
fact that in the underpass the cyclist rides first on the
downgrade, building momentum which eases his ascent
on the other side. On the overpass the cyclist must
himself supply all the momentum for the climb as the
climb occurs before the descent. Given level terrain,
an underpass might be easier to integrate in an urban
area because of less visual impact and less right-of -way
requirements due to the shorter approach length needed
to maintain a good grade profile,

But determination of whether an underpass or overpass
should be provided in the individual situation depends
largely on site characteristics. - For instance, if the
roadway were in a swale area, an overpass might pro-
vide the most favorable grade profile, Cost-wise, width
of the roadway to be spanned is a key consideration for
overpasses while presence of ground water and under-
ground utilities affects underpasses.

INTERSECTION TREATMENTS

As detailed subsequently in this report, nearly three-
fourths of all auto-bike collisions in Davis for which
police reports were filed over the past two years took
place at intersections. This pattern is typical of that
noted in European bike-accident studies. Predominance



of intersection accidents reflects the higher overall traf-
fic activity levels there, increased decision options and
the fact that motor vehicle and cycle paths must neces-

sarily cross of conflict at the intersections.

Figure 8 illustrates auto-bike turning movement conflicts.
Principal conflicts involve straight-through cycles with
right-turning motor vehicles from the same direction of
approach and with left-turning cars from the opposite
approach direction. Davis traffic code prescribes that
left-turning bicycles must follow the pattern indicated

on Figure 9 if cycle lanes are provided. As shown in the
figures, bikes executing the left turn according to the
ordinance conflict with all same or opposite approach
movements except the right turn from the opposite ap-
proach. Because this level of conflict, particularly with
straight-through movements, generally requires the left-
turning cyclist to wait through almost two cycle phases,
cyclists typically execute a number of illegal forms of
left turns which allow them to maintain momentum through
the intersection. Safety hazards inherent in these ma-
neuvers, some of which are illustrated on Figure 10, can
be inferred.

Two basic forms of design are utilized in Europe to alle-
viate intersection conflict problems. One involves off-
setting the bikeway crossings from the intersection areq;
the other relies on striping of special bike turning and
through lanes.
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Figure 11 illustrates the German (8) concept of offsetting
the bikeway crossings from the intersection, effectively
providing a bikeway loop around the intersection. The
offset crossings improve the angle of incidence between
straight-through cyclists and right-turning motorists so
that each will appear in the other's forward field of
vision. The bike queuing space in the sidewalk area
eliminates conflicts between queued bikes and motor
vehicles making right turns on red. Principal deficiency
of this scheme is that left-turning bikes must still wait
through two signal phases. Straight-through bikes are
led somewhat out of direction as well and there is serious
question whether American cyclists, by nature less order-
dominated than Germans, would use this type facility.
However, a modification of this concept, indicated on
Figure 12 which retains curbside queuing areas and a re-
duced crossing setback might have some merit in down=-
town areas where available right-of-way is limited but
where elimination of bike queue interference with motor
vehicles turning right on the red signal phase is desirable

Figure 13 illustrates the concept of providing direction-

ally designated turn lanes for bikes within the motor vehi-

cle traffic stream (11). This legitimizes and provides an
established pattern for some of the illegal forms of left
turns which cyclists often find preferable to the form pre~
scribed in existing traffic code and replaces intersection
area conflicts with weaving movements on intersection
approaches. This shifting of the area of auto-bike inter-

ity
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action away from the area of intense activity at the inter-
section appears desirable but because of the poor rear view
characteristics of bicycles (bikes are generally unequipped
with rear view mirrors; cyclists must turn to look over
their shoulder or beneath their arm) overall safety of the
weaving movements necessary to enter the designated
lanes is in doubt. There is also some question as to whe-
ther all cycle riders are sufficiently skilled and judg-
mentally experienced to execute the weaves.

Offset, right-angle crossing of bikeway and free right turn fane.




In conclusion, the first type of design involves some in-
convenience for the cyclist and it is questionable whe-
ther the offset crossing design would achieve success
without strong enforcement. The design involving desig-
nated turning lanes is more convenient for the ayclist
but involves an element of hazard in weaving movements
on the approaches. Experimentation with these designs
is necessary to determine their safety-effectiveness under
North American traffic conditions.

SPECIAL SIGNALIZATION

Special signal phasing and separate signal heads to con-
trol bike movements at intersections are frequently pro-
vided in European countries, particularly The Nether-
lands. These offer the possibility of increased bike
safety at the intersection and enable correction of prob-
lem conditions such as inadequate bike-clearance inter-
val currently provided at many intersections where the

} amber phase is set to motor vehicle clearance require-

ments. Other signalization possibilities include "all
red" phases and "scramble cycles. " However, special
allocation of portions of the signal cycle to bikes may
compromise motor vehicle traffic service at busy inter-
sections and in these situations bikeway grade separa-
tions may be indicated. Another consideration is that
in the absence of strict enforcement, cyclists might be
tnclined to travel on motor vehicle travel phases as well
as on the phases provided exclusively for the cycles.
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For minor street crossings of major roadways, bicycle
actuation of semi-actuated traffic signals with sensitive
magneltic detectors and specialized induction loop pat-
terns, is claimed possible by several signal equipment
manufacturers, The advance detectors offer improved
convenience and decreased delay to cyclists but until
such time as these installations have been proven oper-
ationally feasible, pedestrian type actuators placed
within convenient reach of the cyclist, such as the ex~-
isting installation at Third and B Streets in Davis, are
recommended for these situations,

GRADE SEPARATION CRITERIA

Specific criteria for grade separation of bike facilities
from arterial streets are not established in European
sources or in U.S. literature. Most guidelines are quite
vague, as when crossing bike and motor vehicle flows
are heavy, or where bike traffic interferes with ex-
peditious motor vehicle traffic flows and conversely.

A more specific criteria might be high accident experi-
ence coupled with an inability, due to motor vehicle
traffic capacity requirements, to set signal phasing to
provide opportunity for safe and convenient bike move-
ments. Figure 14 jllustrates European techniques for
providing grade separations at such intersections.

At isolated midblock bikepath-roadway crossings,

32

European experience and limited experience on the
UCD campus has indicated a high accident potential.
Theoretical work in Germany has attempted to relate
safe bike crossing time interval, frequency of motor
vehicle traffic gaps of such a size, and bike arrival-
delay functions to determine when traffic control
devices should be placed at the isolated crossing loca-

BICYCLE - MOTOR VEHICLE

GRADE SEPARATION AT INTERSECTION

STEVENAGE, ENGLAND
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