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INTRODUCTION

The increase in use of bicycles in recent years has
resulted in more emphasis on bicycles as a viable
transportation mode. Recent upsurges in bicycle use
throughout Kentucky is evidenced by bicycle traffic
around college campuses, by neighborhood recreational
usage, and by weekday commuters. In the governor's
1976-1978 biennial budget, $2 million were allocated
for the development of bikeways or related facilities.
Planning for bicycle traffic in urban areas became a
function of the Department's Division of Urban and
‘Regional Planning in 1975. Therefore, a need for a
better understanding of bicycle-related, motor vehicle
accidents became apparent.

The purpose of this study was to determine the
. characteristics of bicycle-related, motor vehicle
accidents. By understanding the causes and other factors

- associated with these accidents, present design guidelines
and operational procedures associated with bicycles may
be improved. This type of analysis may also provide
useful information for the development of bicycle safety
educational programs.

BACKGROUND

Many articles and reports have dealt with the
bicycle as a transportation mode. Guidelines and criteria
for bikeway planning, developed in California in April
1972, were later reprinted and distributed by the
Federal Highway Administration for use in bikeway
planning /7). In July 1974, a state-of-the-art report on
bikeways was distrtbuted by the Federal Highway
Administration. This report focused on planning and
design practices, reviewed successes and failures,
outlined practices which improved bikeway usage and
safety, and identified design pitfalls (2). A guide for
bicycle routes was published by AASHTO in 1974 and
included discussions of bikeway laws, planning
considerations, design criteria, maintenance aspects, and
administrative considerations {3).

Some studies have dealt specifically with an
analysis of accident records. Several state highway
agencies have conducted in-depth analyses. In February
1969, a report covered an analysis of 2,453 bicycle
accidents in North Carolina over a three-year period
(July 1965 through June 1968) (4). A follow-up study
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was conducted in North Carolina in July 1971 to
determine accident frequency and rates associated with
various  bicycle, human, and  environmental
characteristics {5). Actual mileage exposure of several
hundred cyclists was measured with cyclometers.
In Idaho in 1973, statistics were compiled concerning
the frequency, locations, and causes of bicycle and
pedestrian accidents (6. The California Highway Patrol
in November 1974 evaluated its Bicycle Enforcement
Program. The report included an analysis of over 10,000
bicycle-vehicle accidents occurring in 1973 (74

An analysis of bicycle accidents in Milwaukee
included 298 accidents reported during 1971 and 1972,
Summaries were completed separately for intersections
and midblocks {8). In Santa Barbara, California, an
analysis was made of 495 bicycle accidents from 1970
through 1972, and participants in collisions were
interviewed, Also, about 3,000 cyclists and motorists
were interrogated to determine the attitudes of
motorists and cyclists toward each other (9). The
accidents were classified into several types based upon
the accident-precipitating behavior and the situation in
which the accident occurred (70).

Analyses of bicycle accidents have also been
completed by several other agencies in recent vears. In
a 1974 study by the Insurance Institute for Highway
Safety, 888 injury-producing bicycle-motor-vehicle
accidents were evaluated for causal factors (11). An
in-depth analysis of 170 bicycle accidents treated in
emergency rooms was conducted in 1972 by the Food
and Drug Administration (U. 8. Department of HEW).
Accident causes related to the bicycle, such as loss of
control, riding double, stunt riding, bicycle design
features, foot slippage on pedal, and component failure,
were evaluated, Types of injuries to cyclists were
studied, and recommendations were made for improving
bicycles to minimize risks (12). In 1967, the National
Safety Council studied bicycle accidents involving
school-aged children so that meaningful countermeasures
could be developed [13).

An analysis of 1,100 casualty accidents involving
bicycles was conducted for the state of Victoria,
Australia, in 1968 (I4). A study of 275 accidents in
Torento, Canada, to identify selected rider, bicycle, and
environmental factors (15] was completed in 1970.
Special emphasis was placed on child cyclists. In
Sweden, a 1971 study of bicycle injuries focused
primarily on the pre-crash through post-crash

circumstances of the accidents [16).




BICYCLE SAFETY PROBLEM

The "bicycle boam"”, as many people refer to the
current upsurge in usage of bicycles, is the largest such
increase to occur in the history of the United States.
The bicycle appeals to many segments of society for
various reasons: the energy crisis, transportation
efficiency, ecological considerations, recreation, and
health. A dramatic increase in bicycling in the 15-24
and 25-44 age groups has brought about a substantial
increase in the number of bicycle-motor vehicle
accidents associated with work, school, and shopping
trips in urban areas.

Despite the many booms and slack periods, there
has been a steady increase in users between 1930 and
1970. In addition, bicycle sales in the United States in
1972 exceeded automobile sales for the first time,
Accompanying this increased usage and expanded
exposure has been an increase in the number of
bicycle-related accidents.

lack of established practice throughout much of

the country has created problems concerning bicycle
operational procedures and the design of routes to
accommodate both motor vehicles and bicycles. Some
towns have developed entire bicycle -transportation
systems to encourage an efficient and smooth flow of
both motor vehicles and bicycles. Other cities have
invested large sums of money in the construction of
bicycle routes or trails which are only for the use of
cyclists. If bicycle use continues to increase at its present
rate, it will soon be necessary to not only construct
bicycle trails but also to require consideration of this
mode of travel in the design and operation of all
highways and streets on which bicycles are permitted.
From 1960 to 1973, bicycle-related, motor vehicle
fatalities per year in the United States increased from
about 450 to 1,150, as shown in Figure 1 /17). From
1973 to 1976, bicycle fatalities have decreased to about
900 per year, possibly due to the national emphasis on
bicycle safety. Bicycle-related, motor vehicle fatalities
in Kentucky have fluctuated from 6 to 18 per year
between 1969 and 1976, as shown in Table 1.
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TABLE _l.- BICYCLE FATALITIES
CINCKENTUCKY 0

11969-1976)

Bicycle fatalities per 100,000 population have
averaged about 0.49 in the United States in recent years,
compared to 0.31 in Kentucky. In 1976, injuries per
100,000 population were almost the same in Kentucky
(19.7) as compared to the United States (19.5). Because
of low reporting levels of non-fatal bicycle accidents,
accurate statistics are not available on the total number
of bicycle-related, motor vehicle accidents. However,

estimates of bicycle injuries nationwide were around
40,000 in 1976 (17},

The ages of cyclists involved in injury accidents in
the United States in 1976 are given in Table 2. More
than half the accidents involved children from 5 to 14
years old, while the 15-to-24 age group had the next
highest number. The bicycle accident rate was 61.7
(accidents per 100,000 population) for the 5-to-14 age
group - more than double the rate for the 15-to-24 age
group. The next highest rate was the 4-and-under age
group, Other age groups had much lower rates.

PROCEDURE

All  bicycle-related, motor vehicle accidents
between July 1, 1975, and June 30, 1976, were obtained
from police records. The police report was obtained for
each accideni. For accidents reported, by the state
police a computer summary was used to identify the
accidents; and then the accident reports were located.
All of the accidents reported by others were searched
manually, and copies of all bicycle-related accidents
were obtained. Information from the bicycle-related,
motor vehicle accidents were coded, and computer
programs were written to analyze the data. The.data
were summarized into many categories, and relationships
among various types of data were studied.
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(UNITED: STATES!
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NUMBER DF
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To determine differences in severity of various
types of accidents, a severily index was used (18). The
severity index {SI) formula places a value on the average
severity of a group of accidents. Accident severity
increases as the severity index increases. The formula
used is as follows:

SI=[95(K + A) +35(B+C)+PDO}/N

where K = number of cyclists killed,

A = number of cyclists with an
incapacitating injury,

B = number of cyclists with a
non-incapacitating injury,

C = number of cyclists with a possible
injury,

PDO=  number of cyclists not injured, and

N = total bicycle-motor vehicle
accidents.

A summary of data relating to bicycle accidents
collected in 1976 through the Kentucky Electronic
Injury Surveillance System was also obtained. This
provided a sample of all injury-producing bicycle
accidents,

RESULTS

ALL BICYCLE-RELATED ACCIDENTS

The Kentucky Electronic Injury Surveillance
System has been developed by the Kentucky
Department for Human Resources to study the safety
of consumer preducts. Emergency room records of
injuries resulting from consumer products are collected
at 12 hospitals throughout the state, Using this sample,
projections are made concerning total accidents in a
year. Accidents involving bicycles are included. In 19753,
bicycles were number one on the product hazard index;
an estimated 5,000 injuries occurred. In 1976, bicycles

were number two on the hazard index (an estimated
7,300 injuries). Copies of the emergency room
information concerning bicycle-related injuries were
obtained for the accidents reported in 1976. The data
showed that bicycle-refated, motor vehicle accidents
represented under ten percent of all injury-producing
bicycle accidents. A detajled analysis of all
injury-producing bicycle accident as well as a
comparison to bicycle-related, motor vehicle accidents
is given in APPENDIX A. :

BICYCLE-RELATED, MOTOR VEHICLE ACCIDENTS
There was a total of 762 bicycle-related, motor

vehicle accidents during the one-year study period, They

are summarized as follows:

Bicyclist Characteristics

The distribution of bicycle-related, motor vehicle
accidents by age of the cyclist is given in Table 3, The
10- to 14-year olds had the highest number of accidents.
Nearly one-half of all accidents involved cyclists in this
age group. Only 11 percent of the cyclists involved in
accidents were over 19 years old. The distribution of
accidents by sex of the bicyclist (Table 4) showed that
males were involved in four times as many bicycle
accidents as females,

Bicycle accident frequency, given in terms of
accidents per 100,000 people, was also related to the
bicyclists' ages (Table 5) and sex (Table 6). The age
categories were varied slightly in these tables because
they had to conform to categories given in population
summaries. The highest accident frequency was found
again in the 10-to-14-years category. This was true for
both males and females. The 5-to-9- and the
15-to-19-years categories also had high aceident
frequencies compared to other ages. The accident
frequency for males was found to be four times that
for females, Total mileage ridden by males and females
was not available so that accident rates in terms of
accidents per miles ridden could not be calculated.
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However, a 1971 study conducted in North Carolina  males would be approximately twice that for females.
found that the miles per year ridden by males was about  Mileage rates were given as a function of age (5). Using
twice that for females. This was in the 5-to-19-years  these rates, the 10-to-14-years category had a much
category. If the assumption were made that males ride  higher accident rate than the others.

twice as many miles as females, the accident rate for



A comparison was made between age of the cyclist
and several variables relating to the accident (Table 7).
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Following is a summary of the variables which were
studied and their relationship:

10.

VARIABLE

Land Use/Locality

Riding With or Against.
Traffic

Light Conditions

Accident Location
{Roadway or Sidewalk)

Accident Location
(Intersection or Non-
Intersection)

Contributing Circumstances

Bicycle Defect

Accident Description
~ (Diagram Shown on
Accident Form)

Population

Day of Week

RELATIONSHIP

A much higher percentage of accidents involving young
cyclists occurred in residential areas; the percentage of
accidents involving older cyclists increased in business areas.
There was a higher percentage of accidents in each age group
in residential areas than in business areas.

Young cyclists were involved in more accidents while riding
against traffic.

Older cyclists were involved in more accidents during
darkness.

Accidents on sidewalks were limited to cyclists under 20
years of age. The highest percentage was in the 5 years or
VOounger ages.

The percentage of accidents at intersections increased slightly
with age.

The percentage of accidents in which the cyclist was not
a contributing factor increased markedly with age. Failure
to yield right of way was the leading error for all age
categories  except the  20-years-and-over  category.
Disregarding traffic controls was much more predominant
among older cyclists,

There was a slight overall decrease in bicycle defects as the
cyclist's age increased.

The right-angle accident was highest among all age categories;
however, the frequency was lower among older cyclists. The
percentage of overtaking and rear-end accidents increased
with the cyclists' ages; head-on accidents decreased.

The general trend was for a higher involvement of younger
cyclists in rural areas; older cyclists tended to be involved
in more accidents in higher populated areas.

Young cyclists were involved in a much higher percentage
of accidents during the weekend.




The injury sustained was also compared to the age
of the cyclist (Table 8). Accident severity tended to
decrease as age increased. The highest severity was found
in the 6-to-9-years category; the lowest severity was in
the 20-years-and-over category.

Motorist Characteristics

A comparison was made between the distribution
of age and sex of drivers involved in bicycle-related
accidents and drivers involved in motor vehicle accidents
(Table 9). This was done to determine if motorists
involved in bicycle-related accidents differed from the
general population of motorists. The results showed that
the drivers had very similar characteristics. The

percentage of motorists under 30 years of age involved
was identical. Also, there was less than a one-percent
difference in the distribution by sex for the two
categories.

Variation with Time .

About one-half (49 percent} of all bicycle accidents
occurred between 3:00 and 7:00 p.m., which
corresponds to the evening rush hour and recreation
period. Between 10:00 pom. and 7:00 am., less than
one percent of the accidents occurred during any hour.
A small increase was found between 7:00 and 9:00 a.m.,
corresponding to the time for bicycle trips to school
and work (Figure 2).
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Ag expected, the summer months had the highest
numbers of bicycle accidents -- attributed to increased

riding during those months (Figure 3). The greatest

percentage occurred during July and August. Other
months with high numbers included June, May, April,
and September. The fewest accidents occurred in

December and January.

Bicycle accidents appeared to be distributed evenly
over the week as shown in Figure 4. The percentages
ranged from about 10.5 percent on Sundays to 16.1
percent on Tuesdays.
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The distribution of bicycle accidents by light

conditions is shown in Table 10. Due to the fact that
most bicycle riding is done during dayiight hours, 84.8
percent of the bicycle accidents occurred during daylight
conditions. This compares closely with accidents in
North Carolina and California where 82 percent and &7
percent, respectively, occurred during daylight (4, 7).

bicycle accidents per 100,000 population. The number
of accidents per county ranged from 0.62 in the least
populated counties (under 10,000) to 288 in heavily
populated Jefferson County. A plot of accident
frequency versus county population showed that the
accident freguency increased as the county size
increased (Figure 5). As with city size, this was probably

TABLE 10.  DISTRIBUTION OF
o BICYCLE ACCIDENTS oo
CBY LIGHT CONDITION i

o LIGHT
CONDITIONS

UNUMBER -
OF CASES ~OF TOTAL =

- PERCENT

CDAYLIGHT

ews B

_DARKNESS

S84 alel

.+ BICYCLE ACCIDENT FREQUENCY BY CITY POPULATION

. BICYCLE
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U BICYLCE 0 NUMBER 0 TOTALY . ACCIDENTS
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500-105000 = 8T . - 70 3244942 0
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Accidents by County and City Size

Kentucky cities were grouped by population to
determine rates of bicycle accidents as a function of
city size (Table 11). The frequency increased as the city
population increased. The accident frequency increased
from 4.8 accidents per 100,000 population in rural areas
to 69.1 accidents per 100,000 population in cities of
aver 50,000 population.

Bicycle accidents were also summarized for various
county populations (Table 12). The number of bicycle
accidents per county was found and divided by the
average county population to determine the number of

Gue to the relatively high percentage of people who ride
bicycles in urban areas combined with the added
probability of accidents on city streets.

A listing was made of each Kentucky city which
had three or more bicycle accidents in the one-year
study period and the corresponding number of bicycle
accidents (APPENDIX B). The greater numbers
occurred in Louisville (260), Lexington (77), Owensboro
(54), and Covington (35). Accident frequencies were
zlso calculated,
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The number of bicycle accidents in each county
is also given in APPENDIX B, County populations were
used to calculate frequencies. The higher accident
occurrences were in Jefferson (288), Fayette (77),
Kenton (57), Daviess (54), and Campbelt (30), There
were 25 counties with only one and 43 with none,
Counties with the higher frequencies (bicycle accidents
per 100,000 population) included Daviess (66.5),
Trimble (53.6), Carroll (46.5), Mercer (45.5), Kenton
(43.7), and Fayette (40.6).

Accident Location

Almost 80 percent of the accidents occurred in
urban areas on local streets (Table 13). Slightly over
50 percent of all accidents were in residential areas
{Table 14). Almost 30 percent of the accidents were
in business areas. Only 11.9 percent were in rural areas,
and only 3.6 percent were at schools or parks,
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The highest number of accidents occurred at stop
signs (Table 15). A large number also occurred at traffic
signals.

Accident Type

The classification of accidents according to
diagrams given on the accident-reporting form is given
in Table 16. The most common type was the right-angle
collision; almost one-half of the accidents were classified
in this way, This summary, however, did not provide
much detail concerning the accident. Therefore, the
accidents were summarized according to the type of
accident and maneuver (Table 17). Summaries contained
in several reports were reviewed before the methodology
was selected, The method of summarizing the accidents
corresponded closely to the method cited in Reference
10. The accident types shown in Table 17 were ordered
by number of accidents, from highest to lowest, The
accident types with the higher numbers were generally
those involving an error by the cyclist. Diagrams and
percentages of the major types are shown in APPENDIX
C. The percentages indicate the proportion of all
accidents of a particular type which occurred as shown.
A more detailed analysis follows.

The most common type involved a cyclist failing
to stop or yield at a controiled intersection. In a few
instances (less than ten percent), the accident report
indicated that the cyclist stopped and then pulled into
the path of a motorist. The second most frequent
accident type involved a cyclist exiting a driveway into

the path of motorists. Further, in most cases, there was
no parking on the street to reduce sight distance. Also,
the motorist was in the near traffic lane in most
instances. The third common type resulted when the
cyclist made an improper left turn. Most of these
accidents involved the cyelist turning left from the right
edgeline into the path of a motorist going the same
direction as the cyclist. Several accidenis involved a
cyclist riding on the wrong side of the street. The large
majority of this type were non-intersection accidents.
The most common accident involving error by the
motorist was colliding with the rear of the bicycte. This
resulted when the motorist did not give the cyclist a
proper share of the traffic lane. Several accidents
resulted when the motorist failed to stop or yield at
a controlled intersection. About 20 percent of the
accidents of this type involved a cyclist proceeding from
a sidewalk, Most accidents involving a motorist making
an improper left turn resulted when the motorist made
a left turn from an opposing lane into the path of the
bicycle. Most accidents involving a motorist making an
improper right turn were at intersections and resulted
when a motorist made a right turn into the path of
a cyelist proceeding along the right edgeline. In slightly
less than one-half of the accidents involving a motorist
exiting a driveway, the bicyclist was on the sidewalk.
There was no pattern to the accidents in parking lots
or accidents involving the cyclist making an improper
right turn or coliding with the rear of the vehicle.

i
ATOTAL
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ITABLE '16s " CLASSIFICATION OF
St CACCIDENT DESCRIPTIONS
(FROM DIAGRAM ON
ACCIDENT FORMS)

© ACCIDENT ' NUMBER OF PERCENT OF

< DESCRIPTION ACCIDENTS TOTAL®
CRIGHT -ANGLE - - 245 4643
“REAREND ~ 86 1245
OVERTAKING - 64 1241
“'HEAD ON 47 8.9
CLEFT TURN 43 Be2
S SIDESWIPE 32 60

600

TRIGHT TURN 32

’fﬁ#oa 30 PERCENT OF THE ACCIDENTSs
‘A _DESCRIPTION WAS NOT GIVEM

'T'ABLE 1?-_ CLASSIFICATION OF-BICYCLE ACCIDEN
i ' “THE TYPE OF ACCIDENT AND MANEUVER

TS BY

PERCENT

" “TYPE ‘DF ACCIDENT NUMBER QF
2 BY -MANEUVER ACCIDENTS OF TOTAL ]
YCLIST FAILED TO SYOP DR
YIELD AT CONTROLLED SIREREFE RS
~ CINTERSECTION 160 2led i
SCYCLIST EXITED DRIVEWAY e
G INTO.MOTORIST®S PATH 120 T16e3
CYCLIST: MADE IMPROPER i
S LEFTSTURN 91 124
S CYCLIST RODE ON WRONG S
AU STDEQF STREET 67 9l
““MOTDRIST COLLIDED WITH e
CUUREAR IDFCYCLIST 59 8.0
(OTORIST FAILED TO STOP OR ' - Bt
- YIELD AT CONTROLLED ' L
[ LINTERSEFTIDN 37 540
.~ MOTORIST MADE IMPRDPER o
LU CUEFTOTURN 34 Geb.
OTORIST MADE -IMPROPER e
L RTIGHT I TURNL 34 496
L MOTORIST EXITED DRIVEWAY RO
S INTO CYCLIST®S PATH 27 3.7
S PARKING 'LOT 27 37
“CYCLIST MADE IMPROPER Y
CCRIGHT TURN 13 1e8
TQCYCLIST COLLIDED WITH PR
SUUUCREAR VOF MOTORIST 12 lab
{jMDTDRIST OPENED CAR DOOR B
S TNYD CYCLIST®S PATH 9 1e2
}ﬁOTHER SR 46 .
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The type of accident by maneuver was compared
to the age of the cyclist {Table 18). For the youngest
age group (5 years or younger}, most accidents resulted
from the cyclist exiting a driveway into the path of the
motaor vehicle, For cyclists between 6 and 14 years of
age, the highest number of accidents involved failure of
the bicyclist to stop or yield at a controlled intersection
and also exiting a driveway into a motorist's path. The
leading error for cyclists over 14 years of age was failure
to stop or yield at a controlled intersection. The most

common accident for the 20-years-and-older age group
involved a vehicle colliding with the rear of the bicycle.

The type of accident by maneuver was also
compared to degree of injury sustained by the cyclist
(Table 19). Accidents resulting from an error by the
cyclist were the most severe, Failure of the cyclist to
yield right of way at a driveway or intersection resulted
in the most severe accidents. Accidents involving a
cyclist riding on the wrong side of the road were also
severe,

CYCLIST FAILED TO'STOP: D"'
CONTROLLED. INTERSECTION

_.'.CYCLIST HADE IMPRUPER RIGHT TURN
SCYCLTST CDLLIDED NITH REAR IJF
: MDTDRIST

.  MuTDRIsT OPENED CAR DDDR INTD_
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- ITABLE 190 LDWPARISON DF TYPE OF ACCIDFNT BY MANEUVER
: AND CYCLIST'S TNJURY . ' .

i IYPE-OF ACCIDENTY BY MANEUVER SEVERITY
CYCLIST EXITED. DRIVEHAY INTO MOTORIST®S PATH Rt 3B]E.~i
CYCLIST FAILED-TO STOP. QR YIELD AT CONTROLLED 1NTER5ECT10N;_[5=;34 34

SUCYCLIST RODE "ON "WRONG SIDE OF STREET - 0 . g Bl

©CYCLIST MADE IMPROPER LEFT TURN : ' ' S 4 e29

CUMDTORIST FAILED ‘7O STOP OR YIELD AT CONTROLLED INTERSECTIUN 4403

S MOTDRIST COLLIDEC ‘WETH REAR OF CYCLIST i S 383

SSCYCLIST MADE. IMPROPER RIGHT TURN - 3.58

" MOTORIST EXITED DRIVEWAY INTO CYCLIST*S PATH G 3639

CMOTORISTES MADE IMPROPER LEFT TURN ‘304
PARKING. LOT: : . 298
CYCLISTS COLLIDED WITH REAR OF MOTORIST 2e 05
MOTORIST MADE IMPROPER RIGHT ‘TURN 2852
”MDTGRIST DPENED CAR DOOR INTO CYCLIST®S PATH 280 L

In general, accident severity tended to decrease as
bicyclist age increased (Table 8). A more detailed
analysis of severity by type of accident showed that
severity for the specific accident types were higher for
older cyclists (Table 20). Ranking of the severity of
accident types showed similarities between the two age
groups. Severity of accidents involving a cyclist riding
on the wrong side of the street was very high for both
groups.

The distribution of type of accident by maneuver
was related to cyclist's age. Grade level was used instead
of age in the summary table (Table 21). The percentage
of accidents occurring through a given grade level can
be determined for any accident type, This type of
analysis was used in a previous report {J(). This table

shows the grade level at which training should be
administered to children to prevent or minimize certain
types of accidents. Ten percent of the accidents was
used in the reference report. This type of analysis
provides information for the development of bicycle
safety educational programs.
Accident Severity

A comparison of injusies in bicycle-related, motor
vehicle accidents and all motor vehicle accidents is given
in Table 22. As would be expected, the percentage of
cyclists injured was very high, Also, bicycle-related,
motor vehicle accidents were less severe for the driver
compatred to all motor vehicle accidents. Injury to the
cyclist was compared to several variables (Table 23}
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Following is a summary of the variables which were

studied and their relationship to injuries:

'-(Dl&gram Shown on
'Acc1dent Form) T

Rldmg w1th or Agamst

Acezde t. Locatlon

c1dent Desenptlon G EEN R

Light Conditions

RELATI ONSHIP

__.-'._-.Head on accidents were the most severe; nght—angle and w
s _-'-.1Iear end acc1dents were second in seventy i

PR ;-_._"Acmdents in rural areas were most severe Thls was probably_.
S _'due 1o the hlgher trafﬁc speeds I L

: '_:'Aec1dents in which the cychst was rldmg agamst tlafﬁc were
3 '_'-'__the most. severe., -This was expeeted smce head -0n, accldents
o were the most severe acctdent type RRTRE :

B _Acc1dents 1nvolvmg a cychst on .2 mdewa]k were, the less'_ o
(Roadway- or.’ Sldewalk). i
in this type of collision was probably the major contnbutmg o

-_'_3____factor in, lessenmg seventy . : FHIES

Tsevere, The normally low speed of the motor vehicle involved.

o S“YPHSIHBEL n0n mtersectmn accufents ‘were - more severe
‘than 1ntersect10n accidents. Past results have shown ‘many o
- "of the more severe types occurred at intersections; however, "
s _.'.;when all lntersectlon accidents are. combined, the accidents.
Loare ot as ‘severe,  Also, the ‘non- 1ntersect10n accidents -
S resultmg from a cychst ndmg on the wrong side of the road .
. '_'.-._and a motorlst colllding wzth the rear of a blcycIe were found i
N to be. severe. S - i

SEEY The thhest seveﬂty was for acc1dents wh;ch occurred durmg
: dawn and dusk. Basically, these were acmdents durmg dusk
o since almost 90 percent of the tota! in. thls category were_

FEARE '-durmg dusk ER

Accident Fault

A comparison was made between fault and several
variables in accidents (Table 24). It was found that
cyclists were at fault in most accidents (71 percent).
However, the percentage of cyclists at fault decreased
with increasing age. For cyclists 20 years and older, the
motorist was at fault in the majority of cases. A slightly
higher percentage of male cyclists were at fault than
females. It was also found that the percentage of cyclists

at fault tended to be higher in the more severe accidents.
The voungest and oldest driver categories had the
highest percentage at fault. This would be expected
because of the general relationship between driving
record and age {19). There was not a large difference
between the percentage of male and female drivers at
fault. Female drivers were at fault a slightly higher
percentage of the time.
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A more detailed comparison was made between the
percentage of cyclists at fault and several additional
variables in accidents (Table 25). The highest percentage
of cyclists at fault was in rural areas. Also, the
percentage of cyclists at fault was higher in daylight than
in darkness. A very high percentage of bicyclists were
at fault in right-angle accidents, the most common
accident type, as well as head-on accidents which would
usually involve a cyclist traveling on the wrong side of
the road. The percentage at fault was lower for rear-end

and overtaking accidents which include many accidents
in which the motorist did not give the cyclist a proper
share of the road. The percentage of cyclists at fault
did not vary significantly between -intersection and
non-intersection accidents or accidents on one-way
compared to two-way strests. However, the percentage
of cyclists at fault was much higher for accidents on
the roadway compared to those involving a cyclist riding
on a sidewalk.
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Other Factors

Following is a summary of results found relating
to these factors. The tables referred to are presented
in APPENDIX D,

The causes of bicycle-related, vehicle accidents, as
determined by the investigating police officers, were
summarized (Table DI). Contributing actions by the
cyclist included failure to yield right of way (29
percent), inattention {i4 percent), disregarding traffic
controls (6.5 percent), and turning improperly (4
percent). Contributing actions by the motorist included
inattention (6.3 percent), failure to yield right of way
(5.3 percent), and unsafe speed (1.6 percent).

The distribution of pre-accident actions for
bicyclists and drivers are summarized in Table D2.
Cyclists were going straight ahead in 69.8 percent of
the accidents; 8.8 percent involved making a left turn;
6.3 percent were turning right; and 3.0 percent were
changing lanes. Motorist actions included going straight

ahead (75.0 percent), turning right (6.5 percent), turning .

feft (6.0 percent), parked (2.1 percent), stopped in
traffic (2.0 percent), and backing (1.5 percent).

Only 40 bicycle accidents (5.4 percent) involved
a bicycle defect {Table D3). Of the 40 defects, 18 were
brake failures, 12 were defective lighting, one involved
steering failure, one resulted from inadequate tires, and
cne resulted from an excessive load on the bicycle.

An analysis was also made of the roadway defects
which contributed to the accideats. Only 42 accidents
(5.6 percent) involved roadway defects (Table D4). Of
those, 24 involved a view obstruction. No other defect
was listed more than four times. Based on this analysis,
roadway defects were found to be a miror problem in
bicycle-related, motor vehicle accidents,

The road surface condition was dry in 94.3 percent
of all bicycle accidents and wet during 5.4 percent.
There were only two bicycle accidents (0.3 percent) on
snow or icy roads {Table D3). This would be expected
since few cyclists ride during inclement weather.

Bicycle accidents occurred on  straight-and-level
roadway sections 72.6 percent of the time (Table D6}).
Only eight percent of the accidents involved a curve.
Almost ane-fourth of the accidents occurred on a grade
or hillcrest.

The residence of 96 percent of bicyclists involved
in accidents was local, compared to 3.4 percent from
elsewhere in the state (another county) and 0.6 percent
from out of state, This would be expected since a great
majority of bicycle trips are short, The data did show
one interesting fact: a slightly higher percentage of
non-local motorists were involved in bicycle accidents
compared to all traffic accidents. This may be due to
the fact that non-local motorists are not as aware of
bicycle traffic as local drivers (Table D7).

9. Most

While trucks were involved in about 6.3 percent
of all moter vehicle accidents, they were involved in
11.3 percent of bicycle-motor vehicle accidents (Table
D8). This may be due to the inability of truck drivers
to see cyclists in thany instances.

The distribution of type of accident by maneuver
was compared to city population (Table D9). A cyclist
making an improper left turn or riding on the wrong
side of the street were most common in rural areas and
small cities. In larger cities, failure of cyclist o stop
or yield at an intersection were the most common
accidents.

SUMMARY

Bicycle-related, moter vehicle accidents represented
less than ten percent of all injury-producing bicycle
accidents. An analysis of a sample of injury-producing
accidents involving a bicycle is given in APPENDIX A.
A summary of some of the major findings concerning
bicycle-related, motor vehicle accidents follows:

1. The 10-to-14-years category was involved in the
largest number of bicycle-related, motor vehicle
accidents and had the highest accident frequency,

2. Males were involved in four times as many
bicycle-related, motor vehicle accidents as females.

3. Several factors were related to age. For example,
young cyclists were involved in more accidents in
residential areas; older cyclists had a higher
percentage of their accidents in business areas.
Also, a higher percentage of young cyclists were
involved in accidents while traveling against traffic.

4. Accident severity tended to decrease as age
increased,

5. The age and sex distribution of drivers involved in
bicycle-refated, motor vehicle accidents was very
similar to that for drivers involved In all motor
vehicle accidents,

6. The highest proportion of accidents occurred
betweer 3:00 and 7:00 p.m.

7. The summer months corresponded to the highest
numbers of bicycle accidents.

8. Accident frequency (accidents per 100,000
population) increased in cities and counties with
higher populaticns.

bicycle-related, motor vehicle accidents
occurred in residential sections of urban areas.

10. The most common type of accident was the
right-angle accident.
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12.

13.

14,

15,

28

The most common accident was found to involve
-a cyclist failing to stop or yield at a controlled
iritersection. This type of accident was followed in
frequency by a bicyclist exiting from a driveway
into the motorist's path and a cyclist making an
improper left turn. The most common accident
involving error by the motorist resulted from the
motorist colliding with the rear of the bicycle.
The common types of accidents varied with the
cyclist's age. For 5 years or younger, most
accidents resulted from the cyclist exiting from a
driveway into the motorist's path. For 20 years or
older, the most common accident type involved a
motorist colliding with the rear of a bicycle.
Accident severity was found to be related to several
factors. Many of the severe types of accidents
occurred at intersections; but when all intersection
accidents were combined, they were not as severe
as non-intersection accidents. Non-intersection
accidents resulting from a cyclist riding on the
wrong side of the road and a motorist colliding
with the rear of a bicycle were severe.

The majority of accidents (71 percent) were the
result of an error by the cyclist; however, the
percentage of cyclists at fault decreased with
increasing age.

A table giving the distribution of accidents by
maneuver related to the grade level of the cyclist

was developed. This table summarized information

pertaining to when specific types of training should
be administered,
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In 1976, there were 190 bicycle-related injury
accidents coded through the Kentucky Electronic Injury
Surveillance System at 12 hospitals throughout the state.
Based on this data, the projection was made that 7,301
injury-producing bicycle accidents occurred in 1976,
There were eight bicycle-related, motor vehicle accidents
coded which represented 4.2 percent of the total.
However, up to one-half of the accidents had
information missing, meaning that bicycle-related, motor
vehicle accidents probably represent between four and
eight percent of all injury-producing bicycle accidents.
This would be approximately 300 to 600 accidents out
of the total of 7,301 in 1976. Police records showed
645 injury-producing, bicycle-related, motor vehicle
accidents in 1976, representing 8.8 percent out of the
estimated total of 7,301 bicycle accidents.

Age and sex of bicyclists involved in all bicycle
accidents and the bicycle-related, motor vehicle
accidents showed some differences (Tables Al and A2).
Cyclists involved in accidents with motor vehicles tended
to be older compared to all cyclists involved in
accidents. The percentage of cyclists over 14 involved
in bicycle-related, motor vehicle accidents was twice that
for cyclists in all accidents. Also, the percentage of males
involved in bicycle-related, motor vehicle accidents was
higher than the percentage involved in all accidents. The
results in Table A3 show that, for both males and
femaies, the cyclists involved in motor vehicle accidents
tended to be older compared to all cyclists involved in
accidents.

The distribution of accidents by location type was
summarized (Table A4). The majority of the bicycle
accidents occurred at home. The second leading location
type was highways or streets, Although only eight

accidents involved a motor vehicle, 22 accidents (20.9
percent of all bicycle accidents) occurred on a highway
or street. The other category with a significant number
of accidents was "'other public locations' such as schools
or parks.

The disposition of the patient (cyclist) was coded
as to whether hospitalization wag necessary (Table AS5),
The bicyclist was admitted to the hospital in 5.3 percent
of all the accidents. In two of the eight motor vehicle
accidents (25 percent), hospitalization was necessary,
Also, accidents occurring on highways or streets required
& higher proportion of hospitalization than accidents at
home. None of the bicycle accidents at other public
places such as schools or parks required hospitalization.

The distribution of injuries to various parts of the
body was also tabulated (Table A6). Injuries to the
lower leg (including knee and ankle), the lower arm
(including wrist and elbow), and the face (including
nose} were the most common. The injury diagnosis of
the bicycle accidents was also summarized (Table A7).
The most common injury involved a laceration followed
by contusion or abrasions. The most common severe
injury involved a fracture,

Using the combination of injury diagnosis and body
part injured, a severity value was determined for each
accident. The average severity value could then be
determined for all accidents or any particular group of
accidents (Table ASB). Bicycle-related, motor vehicle
accidents were the most severe category of accidents.
Accidents involving male cyclists were more severe than
those involving females, There was not a large difference
in severity with age, but cyclists in the age category
of 10 through 19 years had the highest average severity,

fDISTRIBUTIDN DF ALL BICYCLE
- ACCIDENTS AND BICYCLE- RELATED;
- MOTOR VEHICLE ACCIDENTS BY

| “AGE OF CYCLIST

PERCENT OF ALL ACCIDENTS

e

RANGE __.-.PH« ALL BICYCLE BICYCLE-MOTOR

J‘ivEARsa ACCIDENTS VEHICLEqapcioENI -
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;fﬁABLEfA4}g~DISTRIBUTIJN OF L
i H:“ﬁw“iACCIDFNTS 5Y
“RFQCATIQN.TY?E

i PtRCFNT GF ALL-

LGCATIDN***’.
i BICYCLE ACCIDENTS
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1o
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GTHER PUBLIC _._f -; R REEE SR
: DCATIDN '7. 'ZlO»ﬁf T:. 
SCHOOL - INSTITU—-'_' o
.-IDNAL FACILITY, SETC)

INCLUDES ALL ACCILENTS FUR WHICH &
_fLUCATIJN TYPE WAS LISTFD. R
ALMOST ONE=HALF OF ' THE ACCIDE%TS
DID NOT HAVE A LDCATIDN TYPE '

DI&EQﬁifI@N?ﬁF“fHEZCYCLIST[PATlE&Tf75

 NUMBER OF © PERCENT OF CYCLISTS

- ACCIQENTS = ' ADMITTED TO HGSPITAL'.
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PMf.. .”"ﬂfjiV i L e
TABLE Aée :' 'DISTRIBUTIDN OF INJURIES R
e TD PUDY PARTS ~IN BICYCLE

' ' ACCIDENTS . -

ffBDDY PART fjn}{i NUMBER OF - ff_"PERCENr oF ALL””
~ INJURIED ~ . OCCURRENCES "~ " ACCIDENTS.
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P ABLE As.- AVERAGE aFVERITY VALUES FOR
i _VARIOUS CATEGORIES OF ACCIDENTS
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_TABLE Bl. BICYCLE ACCIDENT FREQUENCY
L OF SEVERAL CITIES®

_DAYTON

SCITY - ACCIDENT
SRR "POPULATION FREQUENCY

SR U NUMBER OF 11973 "{ACCIDENTS PER

CSCITY U ACCIDENTS ESTIMATED) 100,000 PEOPLE}
CHLOUISVILLE 0 260 3359696 775
COLEXINGTON 077 1844603 41 o7
. OWENSBORO " B4 514355 105.2
COVINGTON .35 48+754 71.8
“PADUCAH 17 309191 563
U BOWLING GREEN 15 369151 4165
- RICHMOND 12 185358 65 o4
CUSHIVELY 10 19000 5246
CUASHLAND 100 . 289935 3406
CUNEWPORT o9 T 234963 37.6
. HENDERSON - 9 1235275 38.7
~:FRANKFORT % 224224 4045
““"HARRODSBURG 8 69522 1227
FORT. THOMAS 8 165678 4840
CDANVILLE - 7 115767 59 o4
BELLEVUE T 84557 81 .8
ST "MATHEWS 6 14+239 421
CUMURRAY 6 124876 4606
THOPKINSVILLE 6 254607 2304
CMAYFLIELD 5 105123 49 o4
‘FLORENCE 5 13,276 37.7
CCAMPBELLSVILLE 5 Te675 6lel
CISHELBYVILLE ~ " 4 49120 97.1
LUDLOW 4 59645 - 7049
" INDEPENDENCE % 49958 80.7
CELIZABETHTOWN 4 149354 279
- CARRDLLTON 4 34890 10248
“BARDSTOWN 4 by 186 647
CWINCHESTER 3 155352 1965
SHEPHERDSVILLE . -3 34044 98,6
"MORGANFIELD 3 3,382 887
“MIDDLESBORO 3 125165 C 247
MADISONVILLE 3 165324 18:4
S LOUISA : 3 14898 158.1
LEBANON 3 59471 S4eB
JEFFERSONTOWN '3 125058 2409
3 89260 3603

#CITIES WHICH HAD THREE OF MORE BICYCLE
' --A__C__C_IDENTS IN THE STUDY PERIOD

39



BICYCLE ACCIDENT FREQUENCY BY COUNTY =

L AccioENTZFREQUENcYTT
CCDUNTY :POPULA TION “{ACCIDENTS PER . .
41975 ESTIMATED) 100,000 POPULATION)

. NUMBER ‘OF -
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{ACCIDENT FREQUENCY
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: APPENDIX C
DIAGRAMS AND PERCENTAGES
OF MAJOR ACCIDENT TYPES
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NOTE:

BICYCLE

IN 10 PERCENT OF THE
ACCIDENTS, THE DATA DID NOT:
INDICATE WHETHER THE :

STOPPED.

Figure CI.

Cyclist Failed to Stop or Yield at Controlled Intersection (21.7 Percent
of All Accidents).
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Figure C2.

Cyclist Exited Driveway into Motorist’s Path (16.3 Percent of All

Accidents).

PRIVATE
DRIVEWAY

PRIVATE
DRIVEWAY

PRIVATE
DRIVEWAY

"PRIVATE |
DRIVEWAY
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Figure C3.

Cyclist Made Improper

Left Turn (12.4 Percent of All Accidents),



Figure C4.  Cyclist Rode on Wrong Side of Street (9.1 Percent of All Accidents).

PRIVATE
DRIVEWAY

Figure C5.  Motorist Collided with Rear of Cyclist (8.0 Percent of All Accidents).
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Figure C6.  Moiorist Failed to Stop or Yield at Controlied Intersection (5.0 Percent
of All Accidents).

“panaTE
DRIVEWAY

48 ' Figure C7.  Motorist Made Improper Left Turn (4.6 Percent of All Accidents).



Figure C8.

Motorists Made Improper Right Twrn (4.6 Percent of All Accidents).

" PRIVATE

DRIVEWAY

VAT
DRIVEWAY

PRIVATE

DRIVEWAY

Figure C9.

Motorist Exited Driveway inte Cyclists Path (3.7 Percent of All

Accidents).
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DISTRIBUTION DF CUNTRIBUTING CIRCUMSTANCES
FOR CYCLIST AND DRIVEQ

CYCLIST

ssaaxveRnw»..;;_

ff NUMBER
.3:OF CASES

;DISREGARD TR'FFIC
O CONTROLS oo
TURNING. IWPRDPERLY{_
ALCOHOL MOVEMENT -
DRUG INVOLVEMENT.
_DRIVER. INATTENTIDN%Q
;QDISTRACTIGN i
© DTHER: ; :
_}NONE DETFCTED.;:y

e

e e e
~Now oo oo

a2
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| TABLE D2. DISTRIBUTION OF PRE-ACCIDENT ACTION
R FOR CYCLIST AND DRIVER

CYCLIST ' DRIVER

- PRE- ACCIDtNT - NUMBER OF  PERCENT NUMBER OF . PERCENT -
C o ACTION CASES OF DATA CASES "~ -OF TOTAL

-?GGING STRAIGHT . RREE ERERNY
CUUAHEAD . 514 6948 86T o T5e0
}.MAKING RIGHT S : SR T T PR AN
TURN . ST o 46 6523 - 43 "_j_-__'__'6.5
'AKING LEFT: P ' S L

_ STARTING FROM - _
SEUUPARKENG o 0
CSTARTING IN - S IR -
LOTRARRICT 6 0.8 g 0.5
SLOANING OR ' B e
“ STOPPING 4 0.5 .9 162
STOPPED.IN SRR RS
CUTRAFFIC 1 Oel o ls T 260
" ENTERING PARKED - Rt
_ POSITION . 0
U PARKED. : 5
”;AVDIDING DBJECT
CUUIN ROADAAY 0
" CHANGING-LANES. = . 21
};GVERTAximc G2
SMERGING S 6
. 1
A

iR L o 8
FnMAKING U-TURN - 1 0
0

oo
& 8
- O
s
e
[N
-]
—

l Dl 0
T P
P Y- I
O B 000

1 1.5
14 2D

CBACKING
OTHER.. 6

OO OoOWOo

e @& # & & 8

== e D0
—
P

TABLE D3, BICYCLE DEFECTS CONTRIBUTING.
TG BICYCLE ACCIDENT

o NUMBER PERCENT OF
DEFECT OF CASES ALL DEFECTS

BRAKES 18 4
LIGHTING 12 3
 STEERING 1

TIRE 1
EXCESSIVE
~ LOAD 1

 OTHER 7 1

N RNO W
e 5 8
VIV OOo

~-d
[ ]
WoAn
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-jTABLF “w., ROAD. PEFECTS. CJNTPIRuTLNg S
. & TO BICYCLE ACCIDENTS 2

L CNUMBER . PERCENT.
j}RUADTDEFECT=’f!Lu'HQOF_CASES.*_ OF-TOTAL

VIEW DBSTRUCTED . 2
SSUIPPERY: SURFAC:: _
jﬁANIWAL ACTION.

CGUARE '
K_MPROPERLY PARK&D
CUUVEHICLE(S)

IAFIXED DBJtCTS e
CDEBRIS IN: POAUhAY3;ja o
DEFECTIVE SHDULDFRS SR
ﬁHGLESa RUTSs BERE
o BUMPS-W
fQTH&R R

i

SR RRE S
N~
_0 { a
N

S R
NORICRE S
. .._...

BTN N

N
N S
LI I
(o S

TABLE Ds. ROAD'SURFACE CONDITIONS =
. AND BICYCLE ACCIDENTS

JffﬁUADfSURFACEj ;L ;  NUHBEﬁ OF - PERCENT.
 CONDITIONS ~ ACCIDENTS . 'OF TOTAL

CODRY o oomiz o 9403

COUSNOW/ICE 2 0w

WET | 3 41 . | S : . 5 B('_
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TABLE D6e ROADWAY GEOMETRICS AND . .0 =
~ BICYCLE ACCIDENTS

ff.HRDAD'f'5554*7ﬂ¢'ffNUMBERfoé3Q'Tf-.,?ERCENTJGF”
-__:--;*:GEDMETRICS ACCIDENTS o TOTAL ©

GR: ﬂf?lle.f-_  _:':g;1§g1=-
STRAIGHT AND I AR PR
HILLCREST 5]'m ;* 24 ': ;*'_33'3y2-- g
URVE AND . f::f*f j-_:" TR uw--j-f}f
jf ﬁLEVEL f£ ;-ﬁ f”ﬂ'23D._fE' __:._: ﬂ:§-O':: 

 EF& :24'ﬂ  'f_z  'L;'if 3?2.u

RESIDFNCE DF CYELISTS
NVDLVED IN ACCIDEVTb

' BICYCLE ACCIDENTS ONLY. ~° ALL ‘ACCIDENTS

;?CYCL;Sj ' *-;MGTDRiST ?.:f .'MDTDRiSf ?

96«0 3 .' . 840 6 o : .' On 878 .-

 {@ 3.§& ff_ﬁ'”}11;2ﬁ _t_. .i. ﬂ_3D9 Wﬁ
Tl e 2 B3
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TABLE DB8. VEHICLE TYPES INVOLVED IN -

... PERCENT OF:ALL PERCENT OF ALL
-gv&HICLE 'MOTOR-VEHICLE - * - BICYCLE-VEHICLE
 TYPE -:;yw-WACCIDENTS . ACCIDENTS -

. 87.0
"11e3

le7
0

CAR : 8
UTRUCK j SRR

ﬁMOTORCYCLE__;:; L
COTHER o

fFO0 @
e 8 & @&
G =4 =3

TABLE an CDMPARISDN OF TYPE OF ACCIDENT, BY
MAN&UVER TO CITY POPULATION

PC‘PULATIDN CATEGORIES

' S ' g 24500 TO 25,000 TO . 100,000 AND: |
T?PE aF; ACCIDENT BY MANEUVER RURAL 255000 1004000 LARGER 0

'fcfoIST FxITFu DRIVENAY IVTU _ - : ot S o R T
L MOTORISTS PATH Tt T 2265 0 14el 1 143 L ol 1648
. MOTORIST ‘EXITED ORIVEWAY. zNID L o ST : B -
SUEELYCUISTAS I RATH o G 22 ez 0 B8
-:yCYELIST FATLED: TU STDP JR YIFLD AT T C
U INTERSECTION 05 S 10e L 23k L3346
VECYCLIST MADE: tn?ROPLR LEFT TURN - : 2923 . 14e1 1648
LECYCLT ST RODE "IN WRONG ISIDE OF STREET 169 17 643 . Teb o
SSMOTORISTH ICOLLIDED WITH 'REAR OF LYCLIST CGe0 L &eT T kS
£ MOTORIST FAILED T3 STQP OR YIELD AT Lo ' -'
CINTERSECTION il SR
"MOTORTST MADE IMPRDPER LEFT TURN T2
L MOTORIST: MADE IMPROPER RIGHT .TURN = = = ~-°1
rMO?DRi'TPDPENED CAR DDOR SRR B u
B . i T &
0

CDTHER
: PARKING Lar’ IO ' ' _
_.'_:CYCLIST CULLIJED NITH REAR JF J""»JTC]R . - : h

CUUOYEHICUE D 3. 2
L'CYCLIST MADE’ IMPROPER RIGHT TURYN ' 3 1.6 3

57






