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SUMMARY

Importance of the problem (Chapter 1)

In the various member countries of the European Experimental Vehicles
Committee (EEVC) 1t was concluded that over the last decade s lot of
attention was paid to problems related to accidents with cars and those
people using them; 1n recent years attention shifted to other traffic par-
ticipants and especially to pedestrians for mainly two reasons

- at present they are largely unprotected and therefore
vulnerable in today's very complex traffic scene

- statistics show that pedestrians actually form a large
group of casualties.

Considering the scientific work already done for those groups in many coun-
tries the public, Parliament, researchers and authorities became aware of
the growing importance of traffic safety problems for the users of two-
wheelers, relatively speaking but to some extent also i1n absolute terms.

The accident statistics as described in chapter 1 1ndicate the following
figures for bicyclists and mopedriders (studied together because their posi-
tion an traffic in many ways is comparable):

- 1in some countries this group 1s the second largest after
car users 1n terms of killed and severly injured, 1n other
countries 1t ranks third after car users and pedestrians
- the percentage of killed (light-pawered) two-wheeler users
ranges from 6,7% (United Kingdom) to 28,4% (the Netherlands),
with an average value of 15,8% for the participating countries
(for pedestrians: from 13,3% in the Netherlands to 33,3% in the
United Kingdom; an average of roughly 22% in 1979)
Chapter 1 gives a detailed description of those and other figures:
numbers of injured, of vehicles in use etc.; 1t relates those figures
to i1ndicate some reasons for the variance between countries (numbers of
casualties per 100.000 vehicles and per 100.000 inhabitants in various age
groupes). Work 1s presented to indicate the important influence on possible
conclusions of differences i1n definiticns and requirements (differences in
accident registration systems and the related problem of "underreporting";
differences in the technicalities of the vehicles). A separate paragraph
describes the importance of economic assessment of these accadents and
remedial measures, and some problems related to the available methods.

Descraption of bicycle and light-powered two-wheeler accidents (Chapter 2)

Chapter 2 gives details on typical types of accidents; accident type, colli-
sion type and manceuvre type are defined and related {in-depth) studies are
cited, indicating at the same time available knowledge on resulting injuries
and speed at impact.

All material available shows that cars most frequently are the collision part-
ners (50 to 99 %); there 1s no single category of road users ranking second:
1t ranges from other two-wheelers to heavy goods vehicles, depending on
various factors.

Single vehicle light-powered two-wheeler accidents occur so frequently that
they deserve special attention.

It 1s shown that the frequency of an accident type 1s not the only relevant
parameter; some indication of the seriousness 1s considered important too:

a definition of "lethality" is suggested, indicating it's influence on prio-
rities. Thas approach gives more "weight" to collisions with HGV's.

By describing collision types and to some extent manoeuvre types. It is shown
which parts of the vehicles are mostly involved; some similarity exasts with
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pedestrian accidents, but additionally the sides of cars and the sides
and rear-end of HGV's are involved {especially in crashes with light-
powered two-wheelers), as well as some parts of the two-wheeler.

The kinematics of a rider during a collision is indicated as one of the
important factors; due to the range of accident and collision types for
two-wheelers, a much wider variety of kinematics 1s seen for riders when
compared with pedestrians; especially the presence of the two-wheeler and
1ts own speed contribute.

As to 1njuries, literature gives a variety of distributions; most studies
are hard to compare, for reasons indicated in paragraph 2.5., but some
conclusions and tendencies are noted. The -limited number of- studies avai-
lable 1indicate that the frequences of 1injuries for various body-parst -and
their ranking- depends on the injury severity level considered and on the
type of two-wheeler,

Most studies conclude that the head has the highest frequency (especially
when considering more severe injuries and for bicyclists with even higher
frequencies than for riders of light-powered two-wheelers); arms and legs
come 1n second and third places.

The 1njury scaling problem associated with long-term impairment, as mentio-
ned in the report of EEVC-WG7 on pedestrian accidents seems to be relevant
for some two-wheeler accident types too.

The relative speed at impact 1s considered to be a very important factor.
The laimited number of studies indicating vehicle speeds show higher values
than for Eedestrlan accidents: 50th percentile speed between 10 and 50
km/h, 90th percentile between 37 and 72 km/h. (EEVC-WG7: 50 perc.: between
16 and 36 km/h, 90 perc.: between 44 and 58 km/h.)

Injury influencing parameters {Chapter 3)

Contrary to the situation for car accidents, very little is known about
these parameters for two-wheeler accidents. Therefore only a short descrip-
tion 1s given, mainly of a theoretical and inferrential nature and based

on general knowledge from studies of various accident types, indicating the
probably most important factors for each of the collision types which seemed
important from chapter 2.

Research methods and results (Chapter 4}

A global presentation of various research principles is given, indicating
the advantages and disadvantages and especially indicating the usefulness
of combining two or mare methods.

The following division 1s made:

a accidents studies

-~ accident statistics (police data level)
- Antermediate (hospital/insurance data)
- 1n- depth studies

|

experamental research methods

- full-scale tests
- component (or body segment) tests
- mathematical models

Until recently little research work was done specificly relating to bi-
cycles and mopeds (and then mainly accident statistics). What has been done -
and can be used to some extent here too - was useally directed at pedestrians
or motorcyclasts;
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nevertheless a few bicycle-related studies are cirted (accident-studies
of various levels as well as development work on mathematical models, to-
gether with the necessary related full-scale and component tests).

Current knowledge on human tolerance (Chapter 5)

The accident-situation for two-wheelers is different from the situation

for other groups of road-users, as mentioned before. This fact may influence
typical 1injury influencing parameters {kinematics; loading place, direc-
tion and level) and therefore one would have to look for typical cyclast and
moped rider information regarding human tolerances. Only very few studies
have been performed especially for cyclists and moped riders (and thenmainly
related to helmets and head tolerance); for other elements one has to rely
on work for pedestrians, motorcyclists and car users.

For various body-parts parameters and tolerance values are given, for some
of them the relevance for two-wheeler users has to be studied further.

Injury prevention measures (Chapter 6)

Starting from the basic philosophy of the integral approach of a safe vehicle
(1ntegration of requirements for the benefit of various -qroups of- road
users}, three aspects were seperated:

proposals for the benefit of two-wheeler users,
consequences of these proposals for other road users,
consequences of requirements for the benefit of other
road users on two-wheeler users.

[\wra] —

Ad 1

As research work in this area started more or less recently, availability of
literature 1s limited, especially regarding concrete proposals.

Based on information from earlier chapters, work concentrated on the car, the
heavy goods vehicle, the two-wheeler and 1t's rider.

Regarding cars, as for the pedestrian - to - car accidents, interest 1s focus-
sed on the stiffness of frontal parts. Some differences may exist: the gene-
rally somewhat higher -seating- position and a difference in the population
(less younger children invelved) may cause a different influence of various
car-components on the kinematics and loading of the human body in a crash;

for two-wheeler users the windshield and the higher parts of 1t's frame be-
come important too. Considerations regarding the vehicle shape follow the

same lines as for pedestrians.

Regarding heavy goods vehicles two approaches exist:

- 1mprovement of shape and stiffness would be benificial at
the vehicle-front, just as for cars.

- for the HGV-sides and -rear, concrete proposals are indicated
regardang underrun-protection devices and improved rear-view
mirror systems and requirements (accident avoidance).

Regarding the two-wheeler 1itself various protection devices are discussed
both For frontal and lateral collisions. Various types have been developed
for motorcycles; whether they can be practically used on lighter two-wheelers
and even whether they are advantageous on such vehicles 1s unclear still.
This concerns side protection devices (e.g. knee-bars) as well as knee-
paddings for frontal collisions.

Avoiding sharp protrusions on two-wheelers will help against -mirmor- in-
Juries: examples introduced to some extent are sunken filler caps and handle
bar expander-pins.

EEVC-WGB
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For the passenger, especlally the younger one, dress-guards at the rearwheel
and, up to a certain age, child seats are considered important against e.g.
spoke 1nJurlies.

Regarding the rider, various well-known possibilities are described, such as
safety helmets and protective clothing.

Although they are widely accepted (and helmets even mandatory) 1n many coun-
tries for motorcyclists, this 1s not the same for -all- riders of light-
powered two-wheelers and certalnly not for cylists (the use of special types
of cylist-helmets has been introduced 1in some countries nevertheless).
Possible effects are indicated in the text.

Ad 2 Consequences for other road users:

Little influence for others is expected from the above proposals regarding
cars. Underrun guards should not create any negative effects for other roau
users. Rear-view mirrors on heavy goods vehicles might be dangerous fou
pedestrians and bicyclists duraing overtaking manouevres, 1f not properly
designed.

Sone doubt 1s expressed as to whether knee-paddings may cause a rider to fly
into a cai's compairtment; helmets may be dangerous for unprotected road users.

Ad 3 Consequences of measures for the benefit of other road users:

Bumperheight 1s determined in e.g. SAE- and ECE-prescraptions, mainly for the
car-to-car situation; serious doubts are expressed on the appropriateness of
these values for pedestrians and two-wheeler riders.

Other requirements, e.g. for car-to-car crashes, are not expected to have
much effect on two-wheeler-raders.

Testprocedures (Chapter 7)

Testprocedures, aiming at ensuring conformity of a vehicle or component with
relevant reuirements, are discussed. The chapter was kept short because a
there are very few concrete proposed measures to evaluate during type-approval
{chapter 6) and b a lot of development work has to be done on the methods
themselves (e.q. 1ntegration of integral tests, component tests and/or mathe-
matical models; development of a dummy).

Accident prevention (Chapter 8)

Imjury prevention or minimization 1s clearly not the only and possibly not
the best way to protect road users; accident prevention would be far be
preferable, but 1t 1s not expected to be effective enough for many years to
come.

The chapter describes various elements of the vehicle-system that may cause
(or contribute to) accidents to happen.

Research work is described to improve these elements: active lighting systems,
reflectors, spacers, braking systems,stability and manouevrability; as a
special aspect, the influence of the state of maintenance 1s discussed.
Various proposals are described; 1n many cases bthey might be feasible for
many countries because relevant technology has already been antroduced 1n
some other countries today.
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PRIORITIES AND RECUMMENDATIONS

Introduction

The working gioup has, based on the discussions 1n the group, polnted out
priorities for action, general recommendations and recommendations for

future research.

One of the conclusions 1s that the injury prevention research for two-wheeler
riders got even less attention than 1njury prevention for pedestrians.
(Working Group 7). More attention is necessary, especially since the accident
process of the two-wheeler rider 1s even mare complex than that of the pedes-
tr1an because of the contribution of the two-wheeler 1tself to the injury
producing process. Also the speed of the two-wheeler rider and his position

in traffic situations leads to other collision types and speeds at impact.

Priorities for action

1. The use of energy absorbing materials in the front structure of the car
will be benificial for the two-wheeler rider, similar to what was found
for pedestrians by WG7. Whether other locations on the car should also be
padded cannot be decided today. Preliminary results of experiments using
dummies indicate that impact location of the two-wheeler rader's head on
the car 1s somewhat higher than in the case with pedestrian heads 1in
sim1lar frontal collisions. Second priority should be given to the side of
the car due to the relatively frequent occurring side collisions with light-
powered two-wheelers.

2. The use of well dimensioned side underrun-guards on heavy goods vehicles
w1ll reduce the effect of the serious and relative numerous collisions of
mopeds and bicyclists with the s1de of heavy vehicles. The risk of getting
run over by the wheels will also be reduced.

3. Modern standards should be developed for lighting equipment, including
reflectors, and braking performance {especially under wet conditions) of
bicycles.

The 1ntroduction of a high-standard retroflector at the rear-end of the
bicycle will probably reduce the effect of the frontal car collision with
the rear-end of bicycles, which 15 a S€rious type of collision.

At the sides of bicycles, spoke reflectors and/or reflecting tires are
recommended.

Ceneral recommendations

.- More attention should be given to accidents of bicycles and light-powered
two-wheelers, especlally to:

- accident registration systems, e.g. underreporting of these accidents by
police

_ standardization of definitions for a better comparison of the results of
national accident statistics and research projects of the different coun-
tries. Especially needed 1s a more uniform definition of the different
classes of light-powered two-wheelers.

- When 1ntroducing a new legal measure, & proper before and after evaluation
study 18 necessary. Jome reasons are:

- optamizing the measure
- giving arguments for possible introduction elsewhere.

- In view of the differences in the proportion of head i1njuries between (not
helmeted) cyclists and (helmet wearing) motorized two-wheeler riders, it
seems preferable that cyclists shall wear a (specially designed) helmet too.
Padding of certain parts of the car might have a comparable beneficial
result, depending on whether the car or the ground 1s the leading cause of
1njucy. This question has to be answered yet by research.
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. The use of better or additional side mirrors on heavy goods vehicles will
give better overview to the truck driver. Even the present EEC directive
is not sufficient (an amendment 1s underway).

. Riders of bicycles and light-powered two-wheelers should wear conspicuous
clothing.

For day-time the use of a jacket of fluorescent material is recommended.
Smaller areas of such material e.g. on armbands or shoulderbands are less
effective. The brightest materials {highest luminance factor) should be
used. Bands of reflective material applied to the jacket will help other
road users to recognise the presence of a riader. Spacers (1.e. devices
attached to the side of a bicycle to discourage drivers passing too close
when overtaking) are of use and should be promoted as a low cost safety
accessory.

However, it should be noted that the wearing of a conspicuous jacket has
an effect on the gaps left by overtaking vehicles similar to that produced
by the most effective spacer.

(The last recommendation is based on research and theoretical considera-
tions. In part it s supported by accident studies.)

Recommendations for future research

A. Real accident studies

Information of real accidents is needed to get better insight 1n ingury
influencing parameters.

The first important question 1s: What 1s the leading cause of inJjury

taking 1nto account speed at impact and collision type: the car, the two-
wheeler or the ground?

From this it may follow that for some collision types severe injuries

occur mainly due to very high impact speeds regardless of other i1nfluen-
ces (for instance outside built-up areas). In those cases accident avol-
dance measures seem to be more suitable than injury reducing ones.

The next important question 1s: What is the influence of car shape and car
stiffrness on kinematics, on short and long term injury and on injury severity
of the two-wheeler rider. Again taking into account impact speed and colli-
sion type, but also human parameters such as age, length and mass distrubu-
tions.

Whether accident avoidance or injury prevention measures should be taken,
may be decided with the help of cost-effectiveness considerations.

B. Human tolerance

Further research 1s needed on 1injury producing mechanisms in order to
develop more precise ranges of values of human tolerance criteria as a
function of age, mass, height and impact speed (visco-elastic behaviour).
Special attention should be given Lo the influence of translational and
rotational accelerations of the head on head {brain)} 1njury.

C. Mathematical models

Computer models should be further developed and validated.

This validation should be based on real accident nformation together with
the results of cadaver or dummy experiments.

The development of a simple mathematical model, capable to detect the kine-
matics of the rider versus the shape and stiffness of the car, could be
usefull for standard test procedures in the near future.
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D. Dummies

The dummies presently available for pedestrian research are not quite
fit. For two-wheeler rider purposes this deficit 1s analog. Further
development 1s needed to obtain dummies that give more realistic re-
presentations of two-wheeler riders.

GENERAL

. The recommendations of A, B, C and D above must be seen as complementary,
so they strengthen eachother. A trend must be set to use as many tools as
possible to solve this complex problem.

This 1s an 1mportant argqument for internatinal cooperation and coord:-
nation of the research activities in the various countries.

. Due to the fact that two-wheeler riaders collide with passenger cars and
heavy goods vehicles in more different collision types than pedestrians
do and due to the different parts of the body of the two-wheeler rader
that are impacted in the different collision types, injury prevention
research should be focused on following collision types:

passenger car

- front of car to (left) side of bicycle/light-powered two-wheeler
- front of car to rear end of bicycle

- front of car to front of light-powered two-wheeler

- s1de of car to front of light-powered two-wheeler

heavy goods vehicle

- front of HGV to side bicycle/light-powered two-wheeler

front of HGY to front bicycle/light-powered two-wheeler

side of HGV to side of bicycle/front of light-powered two-wheeler
side of HGV to front of bicycle/side of light-powered two-wheeler

single vehicle light-powered two-wheeler rider accidents.

. Research should he undertaken into long term consequences of i1njuries.
Very little 1s known about these consequences, especially about thear
severity. This 1s considered a deficiency of existing injury scaling
systems.

. When using humans or human substitutes for two-wheeler rider protection
research, the choice should be such that they represent the age of the real
accident victims e.g. for cyclists 5-25 years and older than 65. for light-
powered two-wheeler riders this age group is: 15-25 years.

. Research 1s needed for more reliable bicycle lighting equipment.

. Optaimalazation of crash helmets should be undertaken:

- Legal standards should be based on appropriate biomechanical criteria.

- The influence of the surface of the outer shell of the helmet on rota-
tional acceleration of the brain and its resulting injuries should be
studied.

- Research should be undertaken into the problem of losing crash helmets
during accadents (although suggestions for improvements have been tabled
in the relevant UN-ECE group of rapporteurs).
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INTRODUCTION

In 1981 and 1982 the EEVU working group 7 "Pedestrian Injury Accidents” was
preparing 1its report. At that time the Dutch delegation suggested that atten-
tion should be given to bicycle-car accidents because in the Netherlands this
accident type happened more frequently than the pedestrian-car accidents.

In 1982 the EEVC accepted to set up a new working group that whould deal

with bicycle accidents and as far as possible, also light-powered two-wheeler
accidents.

The Dutch members of EEVC were invitedto prepare a discussion paper for this
group. The intention of this working group, described in the paper, was agreed
by EEVC and the group was set up. This intention 1s focussed on number of
accldents, integrated safety approach and international coordination. From this
discussion paper the following is cited:

Concerning the number of accidents:

"Compared to other European countries the relative proportion of bicycle
casualties 1n the Netherlands is considerably higher, though the absolute
numbers of those killed and those injured as reported from the different
European countries also seem quite high. They indicate that proper measures
in this field may save thousands of lives and injured, while reducing the
severity of 1injuries".

Concerning an Integral Safety Approach:

"Some conclusions with regard to changes of the car drawn from studies

of pedestrian-car accidents may be useful for the bicycle-car situation
too; others may be indifferent but some may be contrary to the bicycle
case. For an integral approach to car safety, changes made (or to be made)
for the benefit of one group of road users have to be carefully checked
against knowledge about the characteristics of other groups.

This can be 1llustrated by e.g. bumperheight, for which a SAE recommen-
dation exists, as well as an UN/ECE-Regulation. From research on lateral
car collisions a recommendation for a lower bumperheight may follow.

From pedestrian accident research follows considerable doubt whether the
SAE recommendation 1is an advantage for pedestrians. Considering two-wheeler
accidents the effects are even less predictable as yet".

Concerning international coordination:

"It seems that the study of car-bicycle accidents ultimately may contri-
bute a great deal to improvement of traffic safety.

There 1s a need for accident data, there also seems to be a need for more
experimental and human-tolerance data, as well as for better tools to
gather those data.

Investigations oncrash protection for two-wheelers are starting in several
cauntries.

Research on crash protection for pedestrians has started more then ten
years ago, which was followed some years later by international coordina-
tion. Now 1t seems to be the right moment for similar actions concerning
bicyclists, while coordination of research 1s possible from an earlier
stage’.

As a result EEVC gave the working group the following Terms of Reference:

- Review the available accident data concerning fatal accidents and 1njuries
to bicyclists of different ages, involved in road accidents in Europe and
examine the accident data of light-powered two-wheelers.

{(The exact definition belongs to the task of the group) .
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- Make recommendations including priorities for action on the vehicle to
reduce the severity of such accidents and injuries. Recommendation may
.. 1nclude direct measures to change bicycles and cars, as well as
specified proposals for research.

Prioraty will be given to possible influences of certain proposed measures
on the safetyof bicyclists; changesto the car should be considered with
1espect to the benefit of non-occupant road users (see also WG7).

During the first meeting of the working group 1t was decided to deal also
with light-powered two-wheelers, because 1n some participating countries the
number of light-powered two-wheeler casualties 1s higher than that of the
bicyclists,andbecause 1t was the group's opinion that there were great
similarities between the two categories of road users. The group was aware of
the difficulties that could arise because of differences 1n definitions of
light-powered two-wheelers between the countries. Therefore the group decided
to 1nclude a list of requirements (including definitions) for light-powered
two-wheelers for the different countraies.

During the first meeting the group decided to deal with accident avoidance
aspects related to vehicles too.

The aim of accident avoidance 1s cbvious and many efforts have already been
made by improving the construction of passenger cars and heavy goods vehicles
(brakes, tires etc.) and by changes 1n infrastructure (e.g. bicycle lanes).
Haowever, there is considerable scope for improving the lighting devices and
retro-reflectors fitted to many bicycles and for improving the braking per-
farmance 1in the wet, especially of rim brakes.

The decision of the groupwas that only specific two-wheeler, car and heavy yoods
vehicle aspects 1n relation to two-weeler accidents will be described inm this
report.

It 15 not realistic to expect (on a short term) measures or solutions Lhat

w1ll prevent accidents from happening at all. Some elusive elements will always
remain. Thas 1s the main reason for injury prevention work.

The aim of injury prevention is either to prevent injuries or to minimize in-
jury severity by influenzing the kinematics of the victim and to minimize loads
to the struck body parts, for instance by minimizaing the relative impact speeds
between victim and struck object.

HISTORY OF BICYCLE AND LIGHT-POWERED TWO-WHEELER

Bicycle

The questionwhether the first bicycle was designed by the frenchman De Sivrac

or by the German Kessler in + 1790 (ANWB [2]) 1s irrelevant since it appeared some
years ago that the first drawing of a bicycle was made by Leonardo da Vinci

or one of his pupils in + 1450 (Gibbs-Smith [3]). This bacycle was already

chain driven {fig. 1) contrary to the bicycles made by De Sivrac and Kessler

that had to be pushed forward.

The first bicycles driven by means of pedals bad frontwheel drive. To reach

a higher speed the frontwheel was enlarged (fig. 2), even to such an extent

that 1t became dangerous when drivers fell off. Therefore the first "Safety
bicycle" was designed by H.J. Lawson in 1874. It had a front- @nd rearwheel of
equal diameter and the rearwheel was chain driven. The first practical produc-
tion machine, the "Rover Safety", was made 1n 1885 by John Starley (fig. 3).

When later (1888) equiped with pneumatic tires, invented by the Irish veteri-
nary surgeon John Dunlop, the safety bicycle caused a bicycle boum 1n Europe

and America (Popish [1]). The safety bicycle had a designsimilar to the presentone,
though 1t lacked the seattube as a part of the frame structure.
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Bicycle use 1n some countries became ermormous, and will probably grow even
more due to rising energy prices, lncreasing spare time and health care.
At this moment a lot of alternative bicycle designs and prototypes are
produced. They have in common that the bicyclist is lying backwards and in
some designs he or she is protected against weather conditions (Scientific
American [5]).

Light-powered two-wheeler

According to Rauck [6] and Schneider [7] the first powered two-wheeler was
constructed by Wolfmuller and Hildebrandt in 1894 (fig. 4).

According to Elsevier [4] the first attempt to construct a light powered two-
vheeler dates from 1920; it is named Lhe "Briggs and Stratton".

(1894-1920: a matter of definition?).

The engine was connected directly to a wheel next to the rear wheel. In later
vears the engine could be found almost anywhere on the two-wheeler, but nowa-
days the engine 1s normally placed under in the frame, between front and rear
wheel, driving the rear wheel. .

The use of the moped e.g. in the Netherlands 1ncreased strongly after 1960,
but decreased after 1975 and 1s still decreasing.

8
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fig. 1: Bicycle designed by Leonardo Da Vinci.
(+ 1450 )

fig. 2: Bicycle with enlarged front-wheel.
{(+ 1880 )
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fig. 3: Rover "Safety Bicycle".

( + 1885 )

Fig.l : First patented, serially produced motorcycle by
Hildebrandt and Wolfmiiller; Minchen, 186l
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DESCRIPTION OF TWO-WHEELER ACCIDENT STATISTICS

Intioduction

The chapte:r deals with a comparative survey of the situation of
vehicle numbers and numbers of persons involved in aceidents 1n
general. Special emphasis 1s placed on describing the situation of
pedal cyclists and riders of light-powered two-wheelers 1n the
member countries participating in the working group: France,

Federal Republic of Germany, Great Bratain, ltaly, The Netherlands
and Sweden. The interpretation of the data will have to be undertaken
with great caution since the definitions, e.g., of a light-powered
two-wheeler are different in the participating countries.

The definition of a fatally (or severely or slightly) injured acci-
dent victim can also differ considerably as well as the associated
parameter definitions 1n the national accident statistics. Beyond
that, other influencing parameters should be included in a compara-
tive assessment as well, such as mileage (vehicle-kilometers per
annum), road network, land use, topgraphy and climatic conditions of
the countries under study.

This 13 just to show that astatistical analysis based on an only one-
dimensional way of looking at things (e.q., the number of accidents
in a population of a defined age group) can easily lead to wrong con-
clusions. It 1s for this latter reason that only the tendencies of
developments are going to be pointed out ain this chapter.

Definitigns of bicycle, light-powered two-wheeler, road accident,
killed, severely injured and slightly injured

The definitions of bicycle, light-powered two-wheeler, road accident,
killed, severely anjured and slightly i1njured, enabling a better
classification of the rmumbers of accident victams within the overall
context, are summarized 1n tables 1 to 5. The defainitions of a bicycle
found in table 1 are largely based on the characteristics laid down 1in
the Vehicle Codes, e.g. [1]. In some countries, bicycles are addi-
tionally subject to certain legal regulations, as listed by HORN [2]
and in table 2.

Defining a light-powered two-wheeler and thus 1ts description 1s more
difficult. In table 3, the spectrum of the principal characteristics

of a two-wheeler 1s represented on which a definition can be based.
Taking the Federal Republic of GLermany as an example, 1t can readily

be seen that the moped 1s only one of the three classes of light-pawered
two-wheelers. According to the definitions given for mopeds and mokicks,
the only difference between these vehicles appears to be the presence

or absence of pedals or footrests. In contrast to that, the defanition
of a mofa as for the legal speed limit, minimum age of rider and driving
licence requlations 1s a basically different one.

Legal speed limits for light-powered two-wheelers vary from 20 km/h

(NL, snorfiets) to 48 km/h (GB, moped). The lowest possible first time
user age varies from 14 years (Italy) to 16 years (in most eother coun-
tries).

Compulsory helmet use also does not apply i1n all countries to all cate-
gories of light-powered two-wheelers. And furthermore, the regulations
relating to the use of cycle lanes in Lhe vaiious countries have led

to different forms of integrating the light-powered twou-wheeler into
road traffiec as a whole: 1n some countries for light-powered two-
wheelers 1t 1s mandatory to use cycle tracks, 1n others they may use
them.
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Then there are countries where light-puwered two-wheelers are banned
from cycle tracks and others where they are tolerated with engine off,
Applicable defiritions of ar road accident 1n the various countries,
which are summarized in table 4, differ only slaghtly. [t can be
assumed that these are definitions of characterastic features. However,
for the 1inclusion of accidents in the national accldent statistics,
the following additional 1nformation will generally be required:
- event site and time
- road users and vehicles involved
- direct causation factors and accident circumstances as recorded

by the police
- accident 1njury consequences.

The definitions of accident consequences applying to casaulties in
the various countries are summarized in table 5. The definition of

a person kilied in an accident varies in terms of the time period
applied 1n each country within which a victim dies, 1.e., between 6
days and 30 days. A period of 30 days 1s used 1in the majority of the
countries. The definitions of severely or slightly injured accident
victims also differ considerably, the extreme case being the ltalian
statistics whete such difference is not made at all.

In most cases severely and slightly injured accident victims are
distinguished by the kind of medical treatment required:
hospitalization or out-patient treatment.

Total vehicle numbers (vehicle population)

The vehicle numbers grouped 1n vehicle categories are found in table §
for all the countries participating in the working group. It should

be pointed out that these populations, being subject to dynamic
development processes, cannot be regarded as stable quantities. The
development of mofas 1n the Federal Republic of Germany 1s a good
example.

Mofas were introduced in 1966, 1n 1974 the mofa population exceeded

a million and reached a peak in 1980 with 1,4 million vehicles. 1ln 1981
there was a slump in the rumbers of mofas and they went down to

1,2 m1llion, The develaopment of the mofa population from 1981 must be
assedded inthe light of another development, namely the intraduction
of the newly developed "Leichtkraftrad" in 1980 (BO cc, 80 km/h, min.
age: 16 years).

Table 7 shows the numbers of vehicles 1n each vehicle category per

100.000 inhabitants. The peak value 1n the passenger car cateqory,

with a figure of 38.000, is displayed for the Federal Republic of
Germany, Great Britain, with 27.000, shows the lowest figure in thas
category. The bicycle peak value 1s displayed for The Netherlands
(76.000); here again the lowest number 1s found in Great Bratain
(24.000). France has the highest number of light-powered two-wheelers
(9.100) and Great Britain once more the lowest (700).

Statistical records on persons killed and injured 1n road accidents

The total number of casualities with a breakdown in light-powered
two-wheeler victims and users of bicycles are represented i1n dia-
grammatic form below for the years 1977-81. The development of the
numbers of accidents in the various countries 1n the same time period
1s found in figures 1 to 6. Compared with the overall development of
numbers of accident victims, a striking decline in fatalities in the
Federal Republic of Germany, The Netherlands and Sweden 1s naticed.
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The group of the severely injured also displays a slight downward
trend with the exception of The Netherlands where a pronounced de-
cline can be noticed in this group too. In all the countries under
study, the numbers of the slightly injured alse continued to de-
cline. Great Britain, Italy and France, however, display a quite
different development of the overall number of road accident victims.
In Great Britain, all three cateqgories display a slight downward
trend. In Italy, the numbers of persons killed 1n accidents remained
nearly constant, whereas the numbers of injured accident victims dis-
play an upward trend. Casualty numbers in France, apart from the
absence of extremely low values and clear peaks, remained more or
less constant.

The development of casualty numbers in the group of bicycle riders

in the participating countries also displays considerable variations
in the three casualty groups. In the Federal Republic of Germany, the
numbers of killed bicycle riders display a clear decline; the numbers
of the severely injured remained at a nearly constant level, whereas
the numbers of the siightly injured increased considerably. The devel-
opment Of the numbers of casualties in France appears to be balanced
1n all three categories in the years 1877-81.

In Great Bratain, although the numbers of bicycle riders killed in
accidents remained nearly constant during this period, the numbers of
severely and slightly injured accident victims display upward trends.
The Italian statistics show a slight decline 1n the numbers of acci-
dent victims 1in both injury categories. In The Netherlands, the numbers
of killed bicycle riders dropped continuously (an exception being the
year of 1980), but 1s still on a high level.

The numbers of several injured victims remained at a nearly constant
level whereas the numbers of the slightly injured display increasing
rates. In Sweden too, with the exception of 1980, the statistics show
a clear decline in the numbers of killed riders of bicycles whereas

an overall rising trend 1s displayed by the overall number of severely
and slightly 1injured accident victims.

In the group of light-powered two-wheeler riders involved 1n accidents,
the statistics display a clear downward trend in the numbers of casuali-
ties in France, Great Britain, The Netherlands and Sweden. The reduc-
tions 1n this category in France and Sweden even appear disproportio-
nally high. In the German statistics the absolute numbers of riders
and passengers of light-powered two-wheelers involved in fatal acci-
dents display clearly downward sloping curves. The numbers of the
severely and slightly injured increased till 1980. In 1981, a reverse
in trend took place and the numbers again reached the values recorded
in 1977, In Italy, the numbers of persons killed remained nearly con-
stant during the time period considered, whereas slight increases were
found 1n the numbers of injured accident victims.

The magnitude of the numbers of pedal cyele and light-powered two-
wheeler accidents i1n the various countries is seen clearly when re-
lating them to the total number of road casualties. The percentage
of killed pedal cyclists and users of light-powered two-wheelers in
1981 1s gaven in table 8. The table shows in particular the impor-
tance of the accident involvement of this categroy of two-wheeler
users 1n The Netherlands. As an example, the percentage of killed
pedal cyclists 1s from two to four times as high as 1n other coun-
tries.

Great Britain with an overall rate of about 7 p.c. 1s the only
country clearly remaining below the 10 p.c. level.
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When the verhicle population is changing, the casualty rate in terms
of the number of casualties per 100.000 vehicles shows the trend more
clearly. The rates for killed pedal cyclists and users of light-powe-
red two-wheelers for 1981 are found 1n table 9. The table shows that
1f calculations are performed on this basis The Netherlands no longer
are outside of the accident patterns displayed by the other countries
participating in the study. In this case, 1t 15 Sweden which shows

up as a positive example with 1ts low rates both for fatal pedal cycle
and fatal light-powered two-wheeler accidents. The Federal Republic of
Germany shows up as the leading country 1in the group of fatal laght-
powered two-wheeler accidents.

The absolute numbers of killed and injured users of bicycles and
riders or passengers of light-powered two-wheelers, classified into
age groups, are shown in tables 10 to 15.

In all countries, fatality, severe and slight injury peak values are
reached in the age group of 10 to 14 year-old users of bicycles. Theage
group of 65 years and over also displays a high frequency of fatali-
ties. In the Federal Republic of Germany, fatalities in the age group
of 65 years and over are three times more frequent than in the age
group of 10 to 14 years-old riders of bacycles, the ratio for the
severely injured accident victims being 1 : 2. Similar ratios were
found 1n The Netherlands. In Sweden and Italy, the comparison re-
vealed sti1ll more unfavorable figures for the elderly.

The numbers of accident victims among the riders and passengers of
light-powered two-wheelers reach peak values at a later age: the

group of the 15 to 17 year-olds. Compared with the bicycle riders

aged 10 to 14 years, the fatalities displayed numbers which, on average,
were two or three times as high.

With the exception of Italy, the numbers of fatalities in the age
group of 65 years and over are generally much lower than in the case
of cyclists.

Tables 16 to 21 show the numbers of accident victims per 100.000 1in-
habitants of each age group. High frequencies and peak values are
similar to those found in the absolute numbers (with the exception
of Sweden where fatality and injury peak values are reached 1in the
higher age groups of bicycle users). A striking fact, revealed by

the Italian and Swedish statistics, 1s the fairly low fatality rate
in the group of 10 to 14 year-old juveniles generally considered to
be a particularly high-risk group. Compared with these numbers, the
increased fatality rate for the elderly, especially in the age group
of 65> years and over, should be noted, in particular.

Fig. 7/ and 8 show population-based numbers of casualties enabling a

comparison between the participating countries.

The numbers of killed and i1njured pedal cyclists are given in fig. 7

“and the numbers of killed and injured users of light-powered two-
wheelers in fig. 8..° ’

Extremely high casualty fagures for pedal cyclists are displayed by
the Netherlands and the Federal Republic of Germany. This applies to
all degrees of i1njury severity, but particulary to the group of severe
injuries. Once more, the diagrams are an evidence of the fact that the
proportion of persons aged 65 and over increases disproportionally
with increasing injury severity, Great Britain being the exception.
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the variation in the numbers of casualties per 100.000 inhabitants
for users of light-powered two-wheelers 1s not as large as for pedal
cyclists. They are narrowly concentrated around the age group of the
16-year-olds. fFrance, The Netherlands and the Federal Republic of
Germany display the highest figures in all these accidents. France,
in particular, displays a remarkable death rate for the age group
over 40 years.

Unreported accidents

The most important systematic error in all national accident statis—
tics results from the material damage and 1njury accidents which are
not reported.

These so-called unreported accidents can reach considerable values,
particularly with decreasing accident severity.

Various studies have been consulted:

Sweden:

ROOSMARK /FRAKI [4] and THORSON/SANDE [5] concluded that on the whole
not more than half of the traffic casualties are reported i1n the
naticonal accident statistics. In the case of material damage, unrepor-
ted numbers are estimated at 85 p.c. even.

BUNKETORP [11] determined, based on a regional study in Goteburg, a
correction factor to describe the relationship between the overall
number of accidents and those recorded by the police.

For fatale accidents a factor of 1,0 was found, for severe injury
accidents 1,4 and for laght i1ngury cases 1,8. This corresponds to
unreported rates of 0 p.c. for fatal accidents, one of 29 p.c. for
severe 1injury cases and one of 45 p.c. for light injury accidents.

Denmark:

NORDENTOFT [6] revealed 1n 1972 1in the Odense area an estimation of
unreported i1njured accident victims of more than 60 p.c.

Unreported numbers are reportedly particulary high in the case of
single-vehicle 1ngjury accidents.

Switzerland:

HEHLEN [7]) reports a high percentage inside urban areas at 70 p.c.
and outside urban areas at 63 p.c. The unreported accidents of cy-
clists were estimated at 81 p.c., and for mofa riders at 74 p.c.

The Netherlands:

A study on unreported numbers, published i1n 1982, was conducted in
The Netherlands (MAAS [9]). This study was based on the time period
1977-79 and revealed that the proportion of unreported numbers ap-
peared to have remained unchanged over the entire period.

A comparison with police accident records for 1979 showed that in
the case of accadent victims hospitalized as a consequence of thear
actidents only 17 p.c. appear to remain unreported. The underrepor-
ting seems to be a function of mode of transport.

The "CBS/SMR" ratio of reported accidents {police information/
hospital information) 1s 1n vehicle categories and pedestrians the
following:

CAR OCCUPANTS MOPEDS BICYCLES PEDSTRIANS

98 P.C. 97 P.C. 82 P.C. 78 P.C.
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Germany:

A study conducted by LENHARDY [10] in 1982 (st2ll unpublished) was
based on approximately 4.000 accidents and arrived at an estimated
percentage of unreported numbers of about 54 p.c. The numbers of un-
reported cases drop with increasing severity. The proportion of un-
reported fatalities 1s estimated at 4,8 p.c., 1n the case of severely
lngured accident victims 22,3 p.e. and 1n that of slightly 1injured
victims 37,5 p.c.

The global estimate of 54 p.c. comprises material damage accidents.

A breaksdown 1n vehicle categories and pedestrians has not been under-
taken 1n this conjunction.

Great Brattain:
PEDDER [12] revealed the rnumbers of unreported accidents shown in the
table 25. The figures are based on data collected by PEDDER (1977-1978)

and BULL (1973} at Birmingham Accident Hospital and by HOBBS at a

hospital in Berkshaire.

The comparison shows how difficult i1t 1s for a regional study of this
nature to arrive at a conclusive result of general validity. The year
of data collection (PEDDER: 1977-78; BULL: 1973) and the legal frame-
work and soclal conditions applying therewith certainly would also
affect an interpretation of the large differences found 1n the esti-
mates, but also differences in sample sizes of the studies may contri-
hute.

Injury severity and hospitalization of users of two-wheelers {including

an approach to an overall economic assessment)

It has generally been found that data are not collected on a national
scale 1n any of the participating countries on the various degrees of
injury severity and length of in-patient treatment. The research
findings available are results of regional studies and thus 1nvolve
the problem of translation to be of value at national level.

A thorough analysis would additionally have to consider the economic
significance of human accldent costs which apart from hospital costs
(during the period of a victim's hospitalization) also include e.q.

the production loss during the period of a victim's inability to work
(1nvolving a much larger time (and cost) factor than the period of
treatment as an 1n-patient). However, these are aspects which would be
outside of the scope of a regional study on a medical treatment Facility
concentrating on the classification of 1njuries into appropriaate cate-
gories (e.g. AIS, OAIS, MAIS).

for the federal Republic of Germany, first hints for an analysis of
the time and cost factors involved in treating accident victims are
found 1n the studies conducted by OTTE [14] and in the comparison of
OTTE's findings with the results obtained by WILLEKE [15]). In table 23,
the periods of hospitalization relating to the various degrees of 1n-
Jury severity (OAIS) are shown (on average in terms of days).

Attention 1s to be paid to the fact that WILLEKE's study 1s based on
an all-road-user sample whereas OTTE concentrated on the users of two-
wheelers only. The term "sum total of days of 1n-patient treatment®
may 1nclude readmittarnce to the hospital, where necessary. The number
of cases studied here was 123. Based on 282 case studies, OTTE arrived
at average periods of in-patient treatment (1ncluding complications or
not) as stated on the last line 1n table 23.
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For the calculation of the costs of treatment, the average length
of hospitalization i1n each AIS group was linked with the hospital
costs/day charged currently by the Medical University of Hanover
(DM 310,--). The costs of medical treatment for users of motorized
two-wheelers 1nvolved 1n 1njury accidents with resulting 1njuries
of the OALS Z category (without complications) are thus estimated
at DM 3.950,--. If complications have to be considered in additaion,
the costs rase to DM 10.000,-- (base: 123 cases).

A survey concerning the length of the hospitalization in relation to
the severity of injuries (MAIS) can be found in a study by DANNER [16].
One remarkable result of the study is that the high number of leg 1in-
Jurles with long treatment period are domimating at the 1njury-scale
MALS 3, whereas at MAIS 4 and 5 head injurles determine the 1njury
pattern (table 24).

A study conducted by KRUPP [17] describes the periods of hospitaliza-
tion and the resulting costs for severely injured rideirs of bicycles
and motorized two-wheelers. The medical treatment costs and the costs
wlth a breakdown into categories accounting for the absence and
presence of effects on earning capacity, as estimated by health 1n-
surance companles or 1nsurance companles for occupational accidents,
are found in table 25.

A survey among nearly all hospitals in The Netherlands [18] shows as
a result the following average number of days in hospital for bicy-
clists and users of powered two-wheelers: bicyclists 18 days; moped
riders 20 days; motorcyclists 20 days. The average total costs per
patient don't differ so much: bicyclists 6200 HFL; moped riders

6900 HFL3 motorcyclists 6800 HFL.

In the TRRL study by HOBBS [8] the period of hospitalization and de-
grees of accldent severity are considered separately for cyclists and
users of motorized two-wheelers. In the case of cyclists, the degrees
of 1njury severity pramarily fall into the AIS 2 en 3 categories.

On account of the limited number of case studies, the periods of hos-
pllatization were classified into those of less or greater than two
days. The group of accident victims with injuries in the AIS 2 cate-
gory mainly involved periods of in-patient treatment of < 2 days

(57 out of 83 cases). In the case of 1njuries of the A1S 3 catégory,
the period of haspitalization 1s clearly greater than two days (1in 22
out of 29 cases). In 57 out of 85 cases, accident victims of the group
of users of motorized two-wheelers, whose 1njuries had been classified
as corresponding to AIS 2, had to undergo hospital treatments of < 2
days. The peak value reached by the injury cases of the AIS 3 category
also exceeds two days of hospilatization by far: betweenr 11 and 20 days
1n 27 out 100 cases. Injury cases corresponding te AIS categories
other than 2 or 3 were so few that statistically significant informa-
tion was not obtained.

Summarz.

The chapter presents a survey of the national accident statistics of
the countries represented 1in the wordking group. The frequencies of
injuries of cyclists and users of light-powered two-wheelers are con-
sidered at greater depth. At the beginning, the numbers of registered
vehicles are presented and the definitions of a bicycle and a light-
powered two-wheeler as applicable in the various countries, summarized.
In the case of the numbers of 1njured accident victims, given as
overall figures and with a breakdown by vehicle categories, the distri-
butions found are fairly heterogenecus and often also display falling
trends, in particular in the case of fatalities.
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A consideration of the developiment of vehicle numbers in each vehicle
category needs to be i1ncluded 1n the study. In addition, the numbers
of vehicles per 100.000 inhabitants need to be considered both in

the evaluation of the numbers of accidents and 1n the assessment of
relative accident numbers. Due to the complex nature of the relation-
ships and the basically different definitions given, e.g., of light-
powered two-wheelers, a ranking of the countries by their rates of
injured accident victims was refrained form in this conjuction.

With respect to the numbers of unreported accidents, there 1s still
the problem of translating the results of regional studies to the
conditions at national level. On the whole, 1t was found that the
percentages of unreported accidents tend to increase with decreasing
injury severity.

No statistically supported findings on a national level can be yiven
on the correlation between lnjury severity and periads of hospitali-
zation. Only 1nitial data material 1s available fromregional studies.
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Natiomal statistical data - sources:

FEDERAL REPUBLIC OF GERMANY:
Strassenverkehrsunfalle; Verkehr,
Fachserie 8, Reinc 3.3, 1982
Statistisches Bundesambt Wiesbaden

THE NETHERLANDS:

Statistiek van de verkeersongevallen
cp de openbare weq - 1981

Centraal Bureau voor

de Statistaiek, 1983

SWEDEN:

Road traffic accidents with
personal 1njury 1981
Statistics Sweden, Stockholm
1982

[TALY:

Statistica degli incidenti stradala
edizione 1981, Instituto Centrale

d1 Statistica, Roma 1982

GREAT BRITALN:
"Accidents 1n Great Braitain 1981"
Department of Transport 1982
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Traffic Accidents
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search Institute, 1971
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14. Tagung des Institutes fur
die gesamte Unfallforschung in
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. C.A. Hobbs; et al.:

Classification of Injury Severity
by Lenght of Stay in Hospital
TRRL, Report 871, 1979

. M.W. Maas
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SWOV, Report R-82-34, 1982
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Accident Analysis and Prevention
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Februar 1983

R. Willeke; et al.:
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1.10 Figures and tables

FRANCE: A VEHICLE WHICH HAS AT LEAST 2 WHEELS
AND IS PROPELLED ONLY BY MUSCULAR FORCE.

FEDERAL REPUBLIC OF BICYCLE MEANS ANY VEHICLE WHICH HAS AT
SERMANY LEAST THO WHEELS AND IS PROPELLED SOLELY

BY THE MUSCULAR ENERGY OF THE PERSONS ON
THAT VEHICLE, IN PARTICULAR BY MEANS OF
PEDALS OR HANDCRANKS.

ITALY: BICYCLE IS A VEHICLE WITH TWO OR MORE
WHEELS, PROPELLED BY MUSCULAR POWER
THROUGH PEDALS OR SIMILAR MECHANISM.

THE NETHERLANDS: NO EXACT LEGAL DEFINITION " A CARRIAGE
OR VEHICLE THAT ISN’T A MOTORVEHICLE".
{WVR art. 1.1}

SWEDEN: 1. A VEHICLE DESIGNED TO BE PROPELLED BY
PEDALS WHICH IS NOT A TOY VEHICLE.

2. ELECTRICAL WHEEL-CHAIR DESIGNED FOR
A MAXIMUM SPEED OF 15 KM/H.

GREAT BRITAIN: HAS NO POWER ASSISTANCE AND INCLUDES TOY
CYCLES RIDDEN ON THE CARRIAGEWAY, TANDEMS
AND TRICYCLES. (FROM SEPT, 1983 THE DE-
FINITON OF PEDAL CYCLES FOR THE PURPOSE

OF REGULATIONS HAS BEEN CHANGED TO INCLUDE
"ELECTRICALLY ASSISTED PEDAL CYCLES®;

0,2 KW, 24 KM/H)

Table 1: Definmition of a bicycle

EEVC-WGB
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bicycles [3]
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Table 2: Some of the relevant legal requirements for
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FEDERAL REPUBLIC OF

GERMANY:

ACCIDENTS IN ROAD TRAFFIC WITH KILLED OR
INJURED PERSONS ON PUBLIC ROADS AND
PLACES (REGISTERED IN OFFICIAL
STATISTICS: STVUNFG, BGBL. 1982,

2089).

FRANCE:

ACCIDENT IN ROAD TRAFFIC WHICH GENERATES
AT LEAST ONE VICTIM OCCURRIKG ON A PUBLIC
OPEN ROAD AND INVOLVIMG AT LEAST ONE
VEREICLE OR RIDDEN ANIMALS.

GREAT BRITAIN:

ONE INVOLVING PERSOMAL INJURY OCCURING ON
THE PUBLIC HIGHWAY (INCL. FOOTWAYS) IN WHICH
A VEHICLE IS CONCERMED, AND WHICH BECOMES
KNOWN TO THE POLICE.

ITALY:

ROAD ACCIDENT IS A COLLISION INVOLVING
VEHICLES OR ANIMALS ON PUBLIC ROADS, WICH
GEMERATES PERSONAL INJURIES,

THE NETHERLANDS:

ACCIDEMTS INCLUDED ARE THOSE

1. WHICH OCCURRED OR ORIGIMNATED ON A HIGH-
WAY OF STREET OPEN TO PUBLIC TRAFFIC

2, WHICH RESULTED [N OME OR MORE PERSONS
BEING KILLED OR INJURED AND

3. IN WHICH AT LEAST ONE {IOVING VERICLE
WAS INVOLVED.

SWEDEN:

ACCIDENTS INCLUDED ARE THOSE

1. WHICH OCCURED OR ORIGINATED ON A HWAY
OR STREET OPEM TO PUBLIC TRAFFIC

2. WHICH RESULTED IN ONE OR MORE PERSOMS
BEING KILLED OR INJURED AND

3, IM WHICH AT LEAST ONE MOVING VEHICLE
WAS INVOLVED.

Table 4: Definition of a road accident for national

gstatistics for casualties

EEVC-WGB



- 16 -

FEDERAL RE- | KILLED SEE ECE*

PUBLIC OF
UBLIC oF SEVERELY | AN INJURY FOR WHICH A PERSON IS DETAINED IN

GERMANY INJURED HOSPITAL AS AN ‘IN-PATEENT

SLIGHTLY | AN INJURY FOR WHICH A PERSON IS NOT HOSP[-

INJURES TALIZED

FRANCE: KILLED VICTIM DIED IMMEDIATELY OR DURING 6 DAYS
"____—' AFTER THE ACCIDENT

SEVERELY | ACCIDENT VICTIM WHO HAS SUSTAINED A TRAUMATISM
) INJURED NEEDING MEDICAL TREATMENT WITH AT LEAST A 6
DAYS® STAY IN THE HOSPITAL

SLIGHTLY | ACCIDENT VICTIN WHO HAS SUSTAINED A TRAUMA
INJURED NEEDING MEDICAL TREATMENY WITH LESS THAN A

6 DAYS’ STAY IN THE HOSPITAL

GREAT KILLED SEE ECE*

BRITAIN SEVERELY | AM INJURY FOR WHICH A PERSON IS DETAINED IN
INJURED | HOSPITAL AS AN ‘IN-PATIEMI,OR ANY OF THE
FOLLOWING INJURIES WETHER OR NOT HE IS DE-
TAINED IN HOSPITAL: FRACTURES,CONCUSSIONS,
INTERNAL INJURIES, CRUSHINGS, SEVFRE CUTS AND
LACERATIONS, SEVERE GENERAL SPOCK REQUIRING
MEDICAL TREATMENT, INJURIES CAUSING DEATH 30
OR MORE DAYS AFTER THE ACCIDENT

SLIGHTLY | AN INJURY OF A MINOR CHARACTORS SUCH AS A
INJURED | SPRAIN, BRUISE OR CUT NOT JUDGED TO BE SEVERE,
OR SLIGHT SHOCK REQUIRING ROADSIDE ATTENTION

ITALY KILLED ALL PERSONS, WHO DIE WITHIN THE NEXT SEVEN
- DAYS AFTER THE ACCIDENT

SEVERELY/ | ARE NOT DISTINGUISHED IN ITALIAN STATISTICS
SLIGHTLY
I#JURED

THE NETHER- | KILLED SEE ECE*

LANDS

—_— SEVERELY VICTIMS WHO ARE HOSPITALIZED FOR MORE THAN
INJURED ONE DAY
SLIGHTLY | OTHER INJURED VICTIMS
INJURED

SHEDEN KILLED SEE ECE*

SEVERELY FRACTURE, COMCUSSIOM, INTERNAL LESIONS,
INJURED CRUSHING, SEVERE CUTS AND LACERATIOM,
SEVERE GENERAL SHOCK REQUIRING MEDICAL
TREATMENT AND AMY OTHER SERIOUS LFSIONS
ENTAILING DETENTION IM HOSPITAL
SLIGHTLY ALL INJURED NOT BELONGING TO XILLED QR
INJURED SEVERELY [MJURET

Table 5: Definition of casualties; distinction between persons

killed, severly or slightly 1njured in road accidents.

*ECE Definition of killed: any person who was killed outright or who

died within 30 days as a result of the accident

(For Further definitions see ECE [191).
EEVC-WGB



- 17 -

inhabitants 1n 1981

CARS | GDODS MOTOR | MOPEDS | MOFAS/ | PEDAL *
VEHICLES | CYCLES SNORFIETS | CYCLES
FRANCE 19 725 2 568 645 4 900 19 000
FEDERAL
REPUBLIC |23 730 1 307 690 652 1224 38 500
OF GERMANY
ITALY 17 686 1 338 828 3 461 17 500
(1980) | (1980) | (1980) | (1980)
THE
NETHER- 4 594 339 114 700 10 800
LANDS
SWEDEN 2 893 186 16 205 6 000
GREAT
BRITAIN |14 796 2 286 973 398 13 000
* ROUGH ESTIMATED DATA
Table 6: Vehicle population in 1981 (1n 1000)
(1000s )
LICKT= [NHABITANTS
< PEDAL . POWERED
CARS CYEL@E THO-WHEELERS 1981
FRANCE 36 35 7,1 53,960
bacicor | 3 6 ;
PUBLIC I 3,0 61,650
Eﬁ??llu 27 24 0,7 55, 83U
ITALY 31 31 6,1 57,200
(e NETHER- 32 76 5,0 144250
SWEDEN 35 72 2,5 8320
Table 7: Vehicle numbers (in 1000) per 100,000

EEVC-WGB
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PERCENTAGE OF | PERCENTAGE OF
KILLED PEDAL | KILLED USERS OF
1981 CYCLISTS IN LIGHT ~POWERED | T OTAL
TRAFFIC TWO-WHEELER N
TRAFFIC

FEDERAL REPUBLIC 9.2 5.1 16,3
OF GERMANY
FRANCE 4,8 8,7 13,5
GREAT BRITAIN 5,3 1,4 6,7
ITALY 7.6 10,6 18,2
THE NETHERLANDS 19,7 8,7 28,4
SWEDEN 9,7 4,1 13,8

Table 8: Percentage of pedal cyclists and users of light-

powered two-wheelers killed in road traffic

MUMBER OF KILLED/1G0.000 VEHICLES

198l BICYCLISTS LI GHT- POWERED
THO-WHEELERS

FEDERAL REPUBLIC

OF GERMANY 2,8 31,5
FRANCE 3,1 21,8
[TALY 3,5 25,2
THE NETHERLANDS 3,4 22,6
SWEDEN 1,3 16,0
GREAT BRITAIN 2,4 20,3

Table 9: Number of killed pedal cyclists and users of light-

powered vehicles per 100.000 vehicles
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FEDERAL REPUBLIC OF GERMANY (1981)

ACE EROUPS 0-5 [6-9 [10-14|15-17 | 18-20(22-24 [25-34 | 35-4u{u5-54 [B5-64 |3 65 [ukn | TOTAL

w| 69 |137 | sa| 21| 16| us| e7 | 138 118 416 | - 1061

KILLED 2) 3 3 ] =) G G =] e e 8

= 2 [ severey | 308 {1710 {3008 [ 1708 | 722 | 573| 9os [1231 | 1383 | 1207 [1950 | 28 | 15554

g =l nuren | e wr| anl o | @b @ | | o v e | s
=T W

SPsLiGhtLy | 720 [ 3206 [o78s | uses 2223 | 1sus | 3162 3503 | 3177 | 2176 2709 | 82 | 3s920

INJURED (3273 (103) | (93) [ (39)| (15){ (8) | (5) [ (2) (2)[ () ¢ () {594}

KILLED - b - | w | 2zxy 67 | 20| 31 ) 47| 53| w1foow| - s57
8 (-) {-) (11} (21) (6) (3) {-) {-} (-) {-) (SR {-) {42}
& S[SEVERELY | & | 10 | 259 | 7289 [1838 | 502 |789 | 869 | 906 | 498 | 531 | 8 | 13592
E'E INJURED (4} (9)| (1ue) (B33) (135) | (2B) | (25} (1M | {13 (7) (8) (-) {1016}
=
E Iysulertly | 22 | 22 | 3u1 pe119 |sos0 1338 hrsz |18s1 |1605 | 785 | 726 | 57 | 28653
= & INJURED (22) (21) ](229) (1449} 4¢375) | (B4 | (51) | (35) (17) {11} (3)] ¢-) (2277}
FRANCE (1980)
i
AGE GROUPS 0-4 | 5-9 |10-13 | 14-15]16-17 [18-19 | 20-24] 25-34 | 354} 45-54{55-64) 2 65| TOTAL
KILLED 2 tus | es | 20| 22F 13| 201 68| 6| 78| 6 | 249 | 656
2| SEVERELY | 14 fu2y | 773 | 395 | 252 Y136 | 186 | 371 | 325| 370 | 322 | we7 | 4073
2 5| [NJURED
[ ==Y
& SSLIGHTLY | 56 g2z (1728 | 1009 | 8u0 |us3 | 658 | 935 | 794 ) 835 | 6us | 720 Y| 9360
INJURED
o |xen o] s )} w| e] 18 |1s | w8129 | 95| 180 | 236 | 201 | 1256
w ¥
[~
wh uwi| SEVERELY 4 22 171 | 2036 |3662 1966 | 1531 1457 | 1014|1275 | 9u0 { 761 {14905
g | INJURED
-~
B O|SUGHILY | 51 | 59 | upg |su72 |10020| 5898 | 6765 |au03 | 2755 | 2855 |1600 [1126 | w0513
— & § TNJURED
GREAT BRITAIN (1981)
ﬂ -
AGE GROUPS o-4 ) 5-¢ fo-1s | 15 | 16 |17-19]20-29[30-39 | 40-49]50-59|60-69 (= 70 § TOTAL
KILLED 5 13 68 18 15 29 19 17 13 32 23 53 310
2 S|SEVERELY | 19 douz |44 | 343 285 | w01 | es1 | 378 | 202 | 327 | 230 | 168 | 5179
8 = | hJuren
® 5 | SLIGHTLY

INJURED 131 |2216 | 7011 [1775 1614 | 2577 {3527 | 1890 | 1377 | 1302 | 908 | 600 244928

q . [k ol o 1| 2 {29]w ]| 9 3|7 s |7 |s 8l
= &

S |SEVERELY | g | o | 25 |24 (w33 | e79| 316 | 17| 101 ] 184 | 9 | 37 | 2867
T INJURED

= T | suroHmyy

& 0 | 1 |3 |25 [|2oe7

= s 987 |1885 | 968 | 21| use | wue | 188 | 67 | 7555

lable 10 - 12: Killed and 1njuted pedal cyclists and users of

lighl-powered two-wheelers by ayge druoujs

(FRG, 1, LB); pesscenyer cvasualbtles in brackets
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ITALY (1981)

ACE GROLPS -5 | 6-3 |10-14[15-17 | 18-20 [ 21-2425-29 | 30-44 | 45-54 |55-59 | 60-64> 65 | TovAL
- 20| 48| 18| 6] 8| 12| 33| 65| 43{ s9| 275 | 608
D W | [ [ o] el e] o
20 40 | 368 | 1378| 623 | 311 | 261 | 228 | 929 | e7u | s72 (1797 | 150 | sos7
o[ T an| enjos| ool | w| | e el al e w] ee
=
o
KILLED - - ug (181 | w9 | 25| 13| vo| 97| 68| 47| 185 | w00
8en 3] o] 8| 2 6] 34 - 2| 2| - 4 - 2 57
g 1| - 2452 {10870 ! 4735 12078 | 1282 | 3028 {2321 | 1080 | 780 |1760 | 30899
& & | INJURED (65) | (93) | (726)|(1726)] (625)((213) | 75) | 195) {¥39) | 116} | (11} [115) | 394u)
e ¥
oo
o=
THE NETHERLANDS (1981)
AGE GROUPS 0-4 | 5-9 | 10-18 15-19 120-24 | 25-34| 35-4u Ju5-54 | 55-64)65-69 [70-74 | 3 75 | ToTAL

KILLED 1| 18|52 | 28} 17 |20 | 20 14 |39 | 3| 39| 61 | 305
W | G ] ol ] oo alwl ol wml elan

SEVERELY | 18 323 | 830 638 t 286 | 325 279 | 287 | 364 209 | 227 (260 34033
INJURED §{20) | (21) | (1B) | (15} (6) | (5) 3] )| (2 (=3 (-3 ¢-) b {90)

SLIGHTLY | 22 431 Q686 1595 | 782 981 693 | 807 | 631 260 | 258 |267 |8252
INJURED ]¢58) | (64) | (52) | (69){ (1%) | (12} (4y] {3) | (2) (-] (-1 1 (1 Je287)

- - 2| s | 7| 1| el 7| o] 9| s
KILLED )| g ®] @] ] ol w] wm] oWl e | ae

PEDAL
CYCLISTS

=
44
§§ SEVERELY | - - {ue [2398 [280 [176 | 115 | 129 110 | s6 | 30 | 36 |33e1
SE) mured | & | @ ]|ocw e enjan | @ ol o | ol wi o e
3| suekty | 1 - 1u4e [5750 | 770 fs33 {300 |253 (212 § 70 | ws 0 33 |7e1g
SE| mwaen | @ | oo fesnd eo oo | as | en oo ] @] o] @ lem
AGE CROUPS 1 9-2 | 3-6 | 7-14 [15-17 |18-19 [20-24 | 25-34|35-t4 (u5-54 | 55-64|265 | uxn | ToTaL
KILLED - - 5| 3 2| 3 1| s & 7] s - 76
2] SEVERELY
- 7 -
23| 1\ JURED 19|17 68 | 26| o | 80| 85 | 84 | 107 | w7 812
=3
O] SLIGHTLY | 4 24 1288 [150 | 72 |121 | 2231166 |14 | w7 {167 | & |isn1
INJURED
KILLED - - 5 | 13 2| 1| - 1l o2 -] -]- 32
Ses
BS
S 1553‘5:%‘“ - - 4g | 254 1 9 6| 11| 17 17| - - 408
£F
Go| SLIGHTLY | _ - | owe o | a8 | 12| 18] w |7 | sof 3| - | sus
57 | inJurep

lable 13 - 15: Killed and 1njured pedal cyclists and users of Iight-

powered two-wheelers by age groups (1, NL, 5);

passenyer casuvalties 1n brackets
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FEDERAL REPUBLIC OF GERMANY (1981)

AGE GROUPS 0-5 | 6-9 |10-14 15-17] 18-20|23-28 [25-34 | 35-u0|45-50 [s5-6u | Aes TOTAL
KILLED/ 15 a3 | 2.7} 2.74| 1.7 |0.695|0.435] 0.52 {0.73 |1.55 | 2.00 |4.36 1.72
100 000

| SEVERELY/

2 &l 100 nop | 873|684 |78.16| 53.7123.91/15.57|10.95 | 13.41|18.19 [21.10 p0.84 25.25

Lt

[~ )

| SLIGHTLY/ fag 53 |28, 24195, 76051.82 | 73.61|50.13{382.3 | 39.14{41.86 [36.82 £8.37 59.95
100 000
KILLED/ - - jo028|6.95]|2.22 |0.57 0.375 | 0.512|0.698 [0.694 | 1.09 0.904

g | 100 000

ol wil SEVERELY/1g 113 | g.4 | 5.18[229.21| 60.85{16.09| 9.54 | 9.47 {11.94(8.43 |5.56 22.06

S ) [NJURED

3

& of SLIGHTLY/|g 693 | 0.88 | 6.82|506.89] 133.7|36.36 |21.00 | 20.27|21.15[13.28 | 7.60 6.51

5 & 100 000

FRANCE (1980)

ACE GROUPS | g-y | 5-9 [ 10-13|14-15|16-17 | 18-17] 20-24 |25-34 | 35-4u|45-54 [55-64 (265 | TOTAL
KILLEDY | gy |11 f 26| 1.9) 23| 0l ez | o8] 11} 1253 ] 201 1.2
100 000

| SEVERELY/ § g ¢ | 10,4 23.3 |2u.6 | 10| 80f wu | w3| s 5865 | 62 7.6

Z 21100 000

w <

& L|SLIGHTLY/ } g7 | 15.37151.8 |65.2 | ve.3|27.3 [15.6 | 10.9)13.2 |13.0 [13.1 | 9.6] 17.4
100 000
KILLED/ - g1l 0.3t s8f10.7] 67| 26| 1.5] 16| 2.2 |28} 28] 23

& {100 000

wl

%rd SEVERELY/ | 5.1 | 0.5] 5.2 |126.6)210.6 115.9 |36.3 | 17.0]16.8 (19,8 |19.1 {w.2 | 27.7

T 1100 000

=

g2 SLIGHTLY/ | g8 | 1.5{12.7 |34c.3|627.4 pu7.8 | 112.0} 51.3 | 45.7 Jus.6 [36.3 |1u.9] 75.2

S =| 100 oon

GREAT BRITAIN (1981)

AGE GROUPS 0-4 |5-9 |10-14| 15 | 16 [17-19 |20-29[30-39 |40-49 {50-59 [60-69 [p70 |TOTAL
KILED/  F g2 03 | 1.6]2.0 16[1.1}03 )02 030504 |1.0] 06
100 000

_y oI SEVERELY/ | g ¢ ltu,y [33.3 [37.4 | 31.1]18.64 8.4 |51 | w8 |51 |u3 |31] 9.5

Z 2{100 000

= S|SLIGHTLY | 4.0 |ss.5 | 161.5{193.8|176.4 }97.6 |u5.7 [25.7 |22.4 f20.3 6.5 |11.1 ] us.8
100 000
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lable 16 - 18:

Killed and 1njured per 100.000 inhabitants of

age groupsgpedal cyclists and users of light-

poweted two-wheelers (FRG, F, GB)
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THE NETHERLANDS (1981)
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2 2] 100 ooo
~
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Table 19 - 21:

Killed and injuied per 100,000 inhabitants of age

Groups;pedal cyclists and users of light-powered

two~wieelers (L, NL, 5)
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THG WHEELED MOTOR VEHICLES PEDAL CYCLE
SLIGHTLY | SERI1ousLy | TOTAL SAMPLE || SLIGHTLY | SERIOUSLY | TOTAL SAMPLE
iNJURED [NJURED SIZE L} INJURED INJURED s1ze 1)
P.C. P.C, P.C. P.C.,
PEDDER/12 7 58 29 540 91 83 459
BULL £137 37 .28 145 g1 65 145
HOBBS /8.7 u5 27 754 71 59 488
1} EATALITIES HAVE BEEN EXCLUDED
Table 22: Casualties in non-reported accidents
0AlS 1 2 3 4 5 6
ALL ROAD USERS ACCORDIMG TO-
WILLEKE 3|16 | 42 ?9 53 5
ACCORDING TO
OTTE
({ITHOUT COM- =R L REC B
‘ PLICATIONS)
USERS OF TWO- ACCORDING TO
WHEELERS 0TTE
‘ (W1TH COMPLI -~ - |33 )85 |- |6
F = 123 CASES CATIONS)
ACCORDIMG TO
OTTE
: (SUM TOTAL COF - | 35 | 83 | &7 - -
DAYS OF IN-PATIENT
TREATMENT)'
ACCORDING TO
USERS OF TWO-
WHEELERS OTTE 3116 | 32 39 291 1

Table 23: Length of hospitalization indays related to DAIS
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MAIS | MAIS | MAIS  |[MAIS  {MAIS | MAIS
TIME IN HOSPITAL | 4 2 3 4 5 6
WP 10 2 WEEKS | 29 36 9 - 1 ‘2
UP TO 2 MONTHS 4 55 60 10 9 -
UP TO 1 YEAR 1 5 37 10 5 -
OVER 1 YEAR - - - 2 - -

Table 24: Length of hospitalization of injured motorcyclists
(base: 275 cases) [16]

USERS OF ' | MoTORIZED
BICYCLES THO-WHEELERS
WITHOUT EFFECTS | WITH EFFECTS| wITHOUT | WITH
ON EARNING ON EARNING
CAPACITY CAPACITY
LENGTH OF
IN-PATIENT 11 34 11 u3
TREATMENT *
COSTS 1800 5300 1900 7800
/DM 7

Table 25: Tame and cost factors involved i1n hospitalization

with and without effects on earning capacity [17]

* [Days}
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DETAILED DESCRIPTION OF BICYCLE AND LIGHT-POWERED
TWO-WHEELER ACCIDENTS

Introduction

This chapter deals with some more detailed data of bicycle and light-
powered two-wheeler accidents, such as collision partners, collisaion
types, resulting injuries and speed at impact.

Thisdata 1s 1n general not available from national statistics. There-
fore most of the information 1s obtained through special accident
studies.

Nevertheless, as 1s the case in the Netherlands, useful and more de-
tailed information is gathered on a national base by the police and
computerised at the Road Accident Record Office. (VOR)

To give direction to the injury prevention research of bicyclists and
moped riders, some pricorities in the distributions of accident types
and collision types are made in the Netherlands (Huijbers [9]).A lot
of criteria may be used for this but for some practical reasons
magnitude and severity were used.

For magnitude the number of killed and severely injured road users
are used.

Severity of road accidents 1s a very complex term. A lot of dimensions
are involved, such as damage, injury, cost of delays etc.

In injury prevention research the injury dimension of accadent sever:ity
is used. But 1njury can also be distinguished in place, nature and
severity.

Injury severity 1s complex too and can be defined by threat to life,
disabality etec. Scaling with the Abbreviated Injury Scale (AIS) seems
to be the most appropriate for this moment, although there is some
concern about the influence of long term effects on the scaling

(EEVC [4]).

For the Dutch accident situation only the number of killed or severi-
ly injured road users for the accident and collision types were avai-
lable.

Therefore as a criterion for injury severity 'lethality’ was used.
(Lethality = 100 x number of killed / (number of killed + number of
severely i1njured)).

There 1s a general problem concerning the accident data of different
countries with regard to motorized two-wheelers.

The problem 1s that in most cases this group cannot be divided into
motorcycles and mopeds, the last omne may even contain several types.
This 1s needed for a proper comparison of the data, since the distri-
bution of these two groups differ considerably for the different coun-
tries.

Another more general problem in comparing the results of the different
accident studies is caused by sample differences, e.g. the large daf-
ferences in underreporting figures for the different countries as shown
in chapter 1; 1n the Netherlands reporting of killed and severely in-
jured road users 1s complete enough to use this information to indicate
priorities in injury prevention research.

The chapter starts with a description of collision opponents of the
two-wheeler riders, with respect to kind of opponent (accident type)
and with respect to collision direction {collision type), with some
information about the manoeuvre of the collision opponents just before
the accident.
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Thirdly the resulting injuries {(injury pattern) will be described.

A review of the impact speed, as mentioned 1n a number of accident
studies concludes this chapter.

Information about braking (of the collision partners) before, during
or after the collision, as was described in the report of EEVC Working
Group 7 about Pedestrian Injury accidents, was not found in literature.

Accident type

The particular combination of a two-wheeler and 1ts collision opponent
1s called accident type (for instance bicycle-car; moped-car; moped-
heavy goods vebicle).

The distribution of collision opponents will depend on the severity
class of injuries considered, therefore a large variety of distribu-
tions 1n the various studies may be noticed.

Great Britain

The distribution of collision opponents (motor vehicles only) for bi-
cyclists according to Hardy [7] is:

car and taxi 75%
light goods vehaicle S
heavy goods vehicle 3%
medium goods vehicle 1,5%
others 11,5%

The group consists of the accidents in 1974, reported by the police.
There 1s no information about the collision partners of mopeds.

More recent information (1980) from national statistics [16] about
accident types of two-wheeler caswalties, excluding accidents with
three or more vehicles, reported to the police is given in table 1:
The car is the most frequent collision partner in bicycle and two-
wheeled motor vehicle accidents (73,1%; 60,3%) followed by the light
goods vehicle and two-wheeled motor vehicle for the bicyclist (6,1%;
6,1%) and the light qgoods vehicle for the two-wheeled motor vehicle
rider (4,8%).

The share of single vehicle accidents (no pedestrian involved) for two-
wheeled motor vehicle users in much higher (23,7%) than for the pedal
cycle users (7,7%). In fact these shares will probably be much larger
due to the already mentioned underreporting.

Germany

A distribution of collision partners in Germany for 1982 1s given in
table 2.

The group consists of killed road users in a single vehicle accident
or in collision with a car or a heavy goods vehicle.

The table shows that in collisions with another road user the car 1is
i1n most cases the collision partner (55% for bicyclists and 57% for

motorized two-wheeler raders).

Single vehicle accidents occur more often with motorized two-wheeler
riders (13%) than with bacyclists (11%).

The Netherlands

The Dutch data of the distribution of accident and collision types
based on police information for 1978 and 1979 are available seperately
for fatal two-wheeler accidents and for accidents in which the two-
wheeler riders were taken into hospital for a least one day.
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The data was coded by the "Dienst Verkeersongevallen registratie"
(VOR), manipulated by SWOV and reported by Huijbers [9]).

These accidents are very well reported as already stated:

almost 100% of the two-wheeler fatalities and 80% of the hospitalized
casualties are reported by the police (Maas [10]).

The bicycle and moped accidents can be divided into the following
groups.

A - Accidents with a pedestrian or a (parked or moving) vehicle
B -~ Accidents with no other vehicle or pedestrian involved, divided
into 1) collision without obstacle {tree, pole, animal, etc.)
2) collision with an obstacle.
C - Multi (> 2) vehicle accidents.
For 1979 the total numbers of killed and severely injured bicy~
clists and moped riders are divided aver these groups:

A Killed Severely injured
Bicyclast 89% 79%
Moped rider 72% 78%

B1 : The shares for bicyclists and moped riders are identical:

Killed Severely injured
% %

B2 : Killed Severely 1njured
Bicyclists 1% %
Moped rider 17% %

C :5 - 10%
The group defined i1n A will be considered for the dastrabution
of collision partners.

The results for 1979 are shown 1in table 3 and visualized in
fig. 1 and 2.

Fatalities

The car is the most frequent collision partner for bicyclists (62%
and moped riders (48%).

The second most frequent collision partner 1s the heavy goods vehicle:
23% for bicyclists and 21% for moped riders.

Severely injured

For the severely injured the car is also the most frequent collision
partner for bacyclists (69%) and for moped riders {74%).

The second most frequent collision partner is the moped for bicyclists
(10%) and for moped riders themselves (7%), together with the heavy
goods vehicle (7%) for moped riders.

When lethality 1s used as a severity criterion, the collision with a
tram or train has a high severity because there are only few registered
severely injured patients. But the amount of these accidents 1is small.
For bicyclists the collision with a heavy goods vehicle has the next
priority, followed by the collision with a delivery van.

The collision with a car does not seem to be so severe.

For moped riders the collision with a motorcycle (or a scooter) has
the next priority, followed by the heavy goods vehicles and delivery
vans.

The collision with the car does not seem to be relatively so severe
(relatively; fig. 1 and 2).
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usA

In Cross [2] a distribution from the USA is given. This group
consists of bicycle casualties.
In B7% the car was the collision opponent and 1n 9% a pick-up or van.

Collision type

A collision type 1s a particular combination of impact sites of the
two-wheeler and its collision opponent (for instance front of a two-
wheeler against side of a car).

The dafferent collision types will probably result in different impact
places on the body, for some types caused by the car and for others
by the two-wheeler. This may cause different injury patterns.

This paragragh mainly deals with the car-to-bicycle, car-to-moped,
heavy goods vehicle-to-bicycle and heavy goods vehicle-ts-moped acci-
dent types. As far as possible, collision type or impacted sites of
two-wheelers and 1ts opponents are given, as specified in the diffe-
rent accident studies. Comparison of the results of these different
studies is clearly limited due to sampling differences as mentioned
earlier.

Great Britaan

Whitaker [15] gives a summary of impact sites on motorized two-
wheelers. Frontal impacts eccur in 59%, followed by lateral impacts
1n 38% of the cases.

More left side than right side impacts were found. No information is
given about the impacted sites of the collision opponent.

Bicycle - heavy goods vehicles

Riley [17] studies fatal accidents 1nvolving heavy goads vehicles:
37% of the bicyclists hit the front of a heavy goods vehicle, 57%
the side and only 2% the rear end.

No information about the impacted site of the bicycle.

Germanx

Otte [12] states that in bicycle-to-car accidents 46% of all casual-
ties occur with collision type front of car-side of bicylist, followed
by the collisions type front of car-rear end of bicyclist (20%)

(fFig. 3 and 4).

In frontal collision (front of car-front of bicyclist) 17% of the
persons were killed or injured and i1n side collisions (side of car-
front of bicyclist) 15% of the casualties occurred. The distribution
of some collision types causing casualties for motorized two-wheelers
is:

28% 1in collision type front of car - side of motorized two-wheeler

24% in collision type front of car - front of motorized two-wheeler
21% 1n collision type side of car - front of motorized two-wheeler.
From this information 1t seems that the distribution of the collision
types for the motorized two-wheeler-to-car accidents 1s much more
homogeneous that the distribution of the bicycle-to-car accidents.

The collision type front of car - rear of two-wheeler occurs relatively
often for the bicyclist but not for the motorized two-wheeler.

The distribution of collision-types for heavy goods vehicles can be
seen 1n a study of the HUK-Verband, Buro fiic Kfz-Technik, which treats
the problem of truck-accidents [18].
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In almost B0% of all bicycle-accidents the contact area on the truék
was the front or the right side, in nearly equal proportions.
For the light-powered two-wheelers the contribution is a little more

nomogeneous. (fig. 4a).

The Netherlands

For the Dutch accident situation priorities for injury prevention .
research within the distribution of collision types (1978/1979) were
based on the criteria magnitude and severity ("lethalaity"), see

par. 2.1, First of all the collisions were categorised in some colli-
sion types (fig. 5).

Bié&cle-to—car accidents (fig. 6)

Most of the cyclists were hit in the side by the front of the car
(type F1): 65% of those killed and 60% of the severely injured. The
left side of the bicycle was hit twice as much as the right side.

The other collision types did not occur so much: of these the types
F2 and F3 were most important. The collision with the side of the car
happened most of the time with the front of the bicycle {type S1):

in 10% of the cases with severely injured cyclaists,

With lethality as a criterion, collision type F3 (front of car-rear
end of bicycle) was the most severe.

Moped-to-car accidents (fig. 7)

In the case of moped-to-car accidents the collision type F1 (front

of car - side of moped) dominated too: 62% of the killed moped riders.
The severely injured moped riders were hit nearly as often sideways
(F1) as frontal (F2) by the front of the car (39%; 31%).

Frontal collisions with the side of the car happened nearly as
frequently for the killed moped rider (13%) as for the severely in-
jured. The collision type F3, where the front of the car hit the rear
end of the moped, did not occur so much as for cyclists (3% killed;

% severely injured}; although this collision type had the highest
"jethality”" in analogy with the bicycle-to-car accident.

The opposite rear-end collision (R1) happened for 10% of the severely
injured moped riders. The lethality from this type was minimal because
there were no killed moped riders registered in this collision type.

Bicycle-to-heavy goods vehicle accidents (fig. 8)

The collision front of heavy goods vehicle-to-side of bicycle (F1)
happened most frequently (42% for killed and severely injured cyclists).
The second most frequent collision type was F2 (front of heavy goods
vehicle-to-front of bicycle) for killed (19%) and 51 (side of heavy
goods vehicle-to-front of bicycle) for severely injured cyclists (18%) .
The frontal collision with the rear end of the heavy goods vehicle

(R1) happened relatively often with severely injured cyclists (11%).
The collision types F2, F3, SZ and R2 have nearly the same and highest
lethality.

Moped-to-heavy goods vehicle accidents (fig. 9)

The collision type distribution for this accident type 1s more or

less homogeneous.

Collision type F1 dominated for killed moped riders but the collisiens
with the front of heavy goods vehicles (F1 and F2) happen nearly as
frequently as the collision with the rear end (R1) for the severely
injured moped riders (28%), followed by the collision with the side of
the heavy coods vehicles (51).
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The collision bype side of moped-to-side of heavy goods vehacle  (52)
seems to be the must severe, followed by F1.
UsA

Date from Loe USA aboul impact points from eal -Lo-bicyc le crashes
10 Roland [1a] show neatly the same patbern as 1o, the Netherlaods:

car bicycle
front 63,2% 25,6%
1.t side 10, 7% 49,6%
right side 23,4% 21,2%
I Car 1.9% 3,6%

The sides ot the car are struck more trequently Lhan 1 Lhe Netherlands.
This may be due to differences 1in lnjury severity in Lhe samples.
Thete is no information about collision types.

Maswoeuvres:

The majority of accidents involving cyclists and l1ght-powered two-
wheolor viders 1n urban areas take place at i1oad Junctions {0ECUD [207).
Lo Greal Britain accrdent statistics show that nearly two-thirds of 1n-
Jury uccidends 1nvolving a pedal cycle occur at junctions (Downirg
L2113,

In a study of accidents oecurring at intersect ions Fhe Danish Councal
of Road Safely Research [22] found that for urban accidents involving
d bicyele and anoLlher vehicle the most frequenl manoeuvre type was
where each was Lraveling on differenl road before the collision.

This was also the finding in a British study ol national accident
sletistics,

According Lo Gruss (18] nearly 45% of the heavy qoods vehicle-two-
wheeler accidents happened when one of the vehicles was changing
direction, .

Inluries

Injury 1s for the 1njury prevention research the most impor bant oub-
put. variable 1 the accident system.

I:vjury can be descrlbeq in Lerms of place, natuie and scverlty.

In literature all Lhese three dimensions are described, mostly separca-
tely.

The place of the injury is reported 1n most of the studies, sometimes
in relatton to severity. Severity 1s mostly scored with the Abbreviated
Injury Scale {AIS)}system. Injury severity 1s a complex term,

"Probability of death but also temporal or permanent impairment will

tnfluence severity. The role of these lorg term consequences 1n the

"AlS 1s under discussion, in particular for the pedestrian injuries

(EEVC [4]).

Whether this 1s also important for bicyclist or light-powered two-
wheeler rider injuries cannot be answered at this wament , but for oul-
come varaable 1njury severity, the scaling with the AIS seems to be
the most suitable for 1njury prevention research at this moment.

Ihere is a wide variety of injury distributions in literature.

As stated in £EVC [4] 1t 1s hardly possible to compare the results of

accidents studies because of some major differences, for 1nstance:

- differences in levels of injury severity in Lhe sample (e.g. falali-
ties only, fatalities + hospitalised)

- differences with respect to accident type (some studies contain all
accident lypes, sume only collisions with cars, some only specific
collisions types).
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What matters are the main tendencies, common for all studies and the
dif ferences and similarities within seperate studies between injuries
of bicyclists and moped riders (motorized two-wheeler riders).

it scems guite obvious that injury distributions are dependant on acci-
rlent type and collision type because of differences in relative 1impact
speed and 1mpacted body areas.

iherefore, as already stated, comparisons have to be made carefully.

When all 1njuries are considered Pedder [13], Whataker [15], Otte {12}
und Grattan [5] slate that the arms and the legs are the most freqguent-
ly 1njured body arcas, followed by the head.

Pedder [13] finds for bicyclists more arm injuries thar leg injuries
and the oppnsite for the motorized two-wheeler riders. The other studies
mentioned do not support this finding.

| rom Hu1jbers [9] and Nicholl [11] it follows that the head 1s the

most. frequently 1njured body area.

The data from the first study are available from the "Stichiing Medische
Regisiratie" (SMR), containing information on 95% of ail Dutch hospi-
talised casualties. The data of the second study are from a Bratish
hospital.

When the more severe injuries (AIS > 2} are taken into consideration
in the studies of Pedder, Whitaker, Otte and Grattan, the head is the
body area nost frequently injured.

Speed at impact

Speed at impact seems, like 1t was with the pedestrian -lLo- car accident,
one of the more i1mportant parameters.

It 1s better to speak of relative impact speed, since not only the impact
speed of the car but also the impact speed of the two-wheeler, and the
direction of impact (collision type), have a big influence on the rela-
tive impact speed.

In this chapter data on 1mpact speed from the different studies are
presented like 1n the report of Working Group 7 of EEVC [4]).

In some studies 1t 1s not quite clear what 1s meant by impact speed.
There were no impact speed dat related to specific collision types.
Therefore the results must be looked at with great care.

Some results (fig. 12):

-~ Dtte {12] 1ndicates that at impact, speeds of cars in collisions
with motorized two-wheelers are in general lower that those in
collisions with bicyelists.

- There is a wide variety in 1impact speeds of rars for the various
studies:
50th percentile speed varies from 10 km/h to 50 km/h
'90th percentile speed varies from 37 km/h to 72 km/h
This variety 1s larger than for pedestrian accidents (EEVC [4]).

- Gauss [18] found that the speeds at impact depend on the collision
types, but in gereral the speed at impact of the two-wheeler was
remarkable higher than the speed of the heavy goods-vehicle.
Nearly two out of three two-wheelers collided with a speed bhetwecn
31 and 60 km/h.
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Summary :

In all studies mentioned cars are the most frequent collision opponents,
rating from 50 to 90% of all opponents 1n bicycle and light-powered
two-wheeler accidents. This 1s more or less similar to the situation

for pedestrians as mentioned i1n EEVC [4]. Second are vans and heavy
quods vehicles.  In the Netherlands mopeds are the second most frequent
collision partner for the injured bicyclists and moped riders.

Wilh intorized two-wheelers single vehicle accidents (1n collision with
an obstact ) happen relatively often.

I a criterion like lethality (par. 2.1.) 1s used, for accident severtity,
collisions with heavy goods vehicles seem to be the most severc accident
typce for hicyclists and the second severest for moped riders. .

The secadent belween a woped and a motoreyele or scooter seems to be

the most severe for moped riders.

The cullision with a car does mot seem to be very severe in relation

to the other aeccident types.

From this 1t looks quilte obvious that the attention of 1njury preven-
tion research for bicyclists and light-powered two-wheeler riders should
be focused on the confrontatien with cars (magnitude) and heavy goods
vehiicles (severity).

lhe single vebhicle motorized two-wheeler accidents happen so often,

that this accident type must be considered too.

For the determination of the collision types; that have to be studied

in the next chapter a distribution of the collision types for the various
countries was made.

This i1nformation gives also, some indication on which: parts of the motor-
vehicle have to be taken into consideration in injucy prevention work
for bicyclists and moped riders.

There are some differences 1n the results of the presented studies.
These differences may partly be caused, by sample differences,. especially,
levels of injury severitv. Other differences, such as infrastructure,,
modal splat etc., may also be present and may influence the outcome.
But also some similarities between the results of the varicus studies
were noticed: .

In most bicycle -to- car accidents the bicycle 1s impacted-at the
(left) side by the front of the car. The collisaion, type front of car
-to- rear of bicycle occurs. more often 1n accidents. where. the bicyclist
was killed: than when. he was hospitalised..

Collision types involving the.side of the car did not occur often. in
the more severe bicycle accidents.

In light-powered two-wheelen-to-car collisions the two a ok colilswon
types are front car - (left) side light-powered: two-wheeler and’ Frant
Car - front light-powered two-wheeler, followed' by side car- - front
light-powered two-wheeler. The front of the. 11ght-powered; tworwheeler
therefore plays a more i1mportant role than the front of the bicycle.
When lethality.was taken into consideration, the collision type front
car - rear bicycle (light-powered- two-wheeler) seems to be the most
severe, followed.by the most frequent occurcing type front car -to-
side of bicycle (or light-powered two-wheeler).

It seems obvious therefore that the-attention-of injury; prevention-
should'be directed both, towards. the front of the car (as.for pedesty 1an,
accidents) and to the side, particularly. with,respect to.light-powered
two-wheeler accidents.

CEVC-WC8-



-4l -

Data of heavy goods vehicle accidents with bicyclists and light-
puwered two-wheeler riders from the Netherlands and Germany suggest
that for the bicycle collisions with the front of heavy goods vehicles
happen most often. But collisions with the side of heavy goods vehicles
are also relatively frequent.

Accidents wilbh light-powered two-wheelers happen nearls as often with
the tront, the side as with the rear end of heavy goods vehicles.
Iherefore 1t seems obvious that the attention of injury prevention

work should be given to all sides of heavy goods vehicles.

Literature gives a wide distribution of 1njuries as a result of bicycle
and light-powered two-wheeler accidents., These results can hardly

be compated due to differences :p e.g. injury severity or collision
types under study. But the various results indicate that the head has
the highest frequency especially when considering the more severe
njuries.

fhe arms and the leg: are the second and third most 1njured body areas.

Relat ive speed at impact depends not only on the speeds of the collision
pariners at 1mpact but also on collision type.

The speeds at impact found in literature have a wider variety than for
pedestrian car accidents.

The S0th percentile values range from 10 km/h ta 50 km/h, the 90th
percentile values from 37 km/h to 72 km/h. .

Irn heavy goods vehicle-two-wheeler accidents 1t was found that the

spied of the two-wheclcer was remarkably highec Lhan the speed of the
heavy goods vehicle.
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2.9 Figures/tables.

SINGLE VEHICLE THO VEHICLE
NO PEDE- WITH PEDE-  PEDAL 2-WHEELFD CAR BUS OR  1LIGHT HEAVY
STRIAN STRIAN CYCLE MOTOR COACH GOODS GOUDS
VEMICLE VEHICLE VEHICLE TOTAL
PFDAL CYCLE 1794 140 229 1411 17013 (457 1433 807 23284
{ISER (7,7%) {0,861 (1,0} (6,1) (73,1 {2,0) (6,1} (3,5)
TWO WHEELED
HOTOR VEHICLE 15522 1950 765 2434 39628 |415 3146 1504 65364
USER {23,7%) (2,0} (1,2) (3,7} (60,3}](0,9} (4,8} {2,3)

* Evcludes three or more vehicle accidents and occidents where details are not known ,

table 1. Numher of two-wheeler casualties (all severeties) reparted
to police for different accident types in Great Britain (1980).
Department of Transport [16].

i
Accidenst with two participants] single fotal number
1982 vehicle of kiiled.
Car Vans and HGV's accidents
BICYCLE 598 127 116 1.085
"Mofa/Moped"| 305 57 71 543

Source: BASt

table 2. Number of killed bicyclists and light powered two-wheeler 1iders
for different accident types in Germany (1982).
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INJURY INFLUENCING PARAMETERS

Introduction

Knowledge of injury influencing parameters in different types of road
traffic accadents 1s gained through in-depth investigations at the
scene of the accidents combined with detailled reconstructions and
experimental studies.

A large number of reports from this kind of investigations 1s found
in the literature regarding cars colliding with fixed obstacles,
other cars, motorcycles or pedestrians. Very little 1s known about
light (motorized) two-wheeler accidents. The follewing account of 1in-
Jury 1nfluencing parameters in such accidents is therefore mainly in-
ferrential and rests upon deductions from. what 1s genmerally known 1in
this field of research. The main part of this chapter therefore deals
with comparisons with other accident types and the conclusions drawn
from these can of course be disputed.

Nevertheless it was considered desirable to have this kind of a résumé
of factors thought to be of importance for the production of injuries
to two-wheeler riders colliding with cars and heavy goods vehicles.

The rider 1s here, 1f not otherwise stated, generally supposed to

be a teenager or an adult person and the two-wheeler a bicycle or a.
moped with an internal combustion engine but otherwise of essentially
the same basic construction as a bicycle. The car 1s considered to be
an average sized Furopean type sedan.

For children on smaller bicycles the kinematics may be similar to those
of adults although the front structures of the car may hit the child's
trunk rather than 1ts lower extremities. In some cases the child. may
have a more upright posture than an adult rider and the kinematics

may than be more like that of a child pedestrian.

The kinematics of the two-wheeler rider in this kind of accident depend
upon the type of collision, the velocities of the two vehicles, the
rider's posture at the moment of impact and the comstruction of the
two-wheeler.

While a pedestrian hit by a car usually upright at the moment of First
contact, the rider of a two-wheeler 1s thought to be 1n a more cr less
seated position. This implies that his feet are usually at some dis-
tance off the ground , the head may be at about the same level as that
of an upright pedestrian but this depends very much on the posture of
the rider.

The centre of gravity of the rider's body may well be at approximately
the same level above the ground as that of a standing adult pedestrian.
While the velocity of a pedestrian 1f often negligible in relation to
that of the car, the two-wheeler travels much faster. His velocity may
sometimes be as high as 50-70 km/h, and has therefore to be taken into
account 1n may accident situations. However, the parameter of impor-
tance for injury production is of course not the speed of travel but
the relative velocity between the riders body and that of the car at
the time of impact and for each body part.

Another important difference between pedestrians and riders of two-

wheelers 1s the presence of the two-wheeled vehicle; this presence
may 1nfluence the kinematics of the rader.
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The inertia of 1ts mass may 1in some collision types place extra load
on the riders body and his extremities may get entangled in the main
structure of the vehicle during the accident sequence.

A two-wheeler with an engine may also have parts which are hot enough
to cause burns 1f the rider contacts them during the accident sequence.

Collision types

The collision types referred to below are those depicted i1n figure

5 of chapter 2. Due to existing knowledge and the priorities indicated
in chapter 2, this paragraph will mainly deal with the collisions with
passenger cars.

Passenger car

In this type of accident the front of the car impacts the left or raght
side of the two-wheeler travelling in a direction perpendicular to that
of the car.

This collasion type 1s similar to the most frequent type of car-pedes-
trian impacts. In both cases the adult victim 1s hit below the centre
of gravity and comes into contact first with the bonnet or windscreen
and then with the ground. One obvicus difference 1s the usually higher
speed of the two-wheeler at the time of impact. This implies that the
ti1der's upper body will often hit the bonnet at a point further in

the direction of his travel than that of a pedestrian would. The ratio
between the speeds of the two vehicles will be decisive for where the
rider's head and trunk will impact the car structures. In some cases
this ratio may of course be such that the upper body of the rider does
nol impact the car structures at all, but instead he falls directly

to the ground.

The seated position of the rider at impact may sometimes induce a
rotation of his body about 1ts longitudinal axis. This 1s particularly
the case when the car structures are low relative to the riders torso
and the thagh on the struck side is at about a right angle with the
rider's torso. The lower leg and to some extent the arms are then acce-
lerated by the car at an earlier moment than the rest of the body. The
direction of rotation therefore 1s such that the back of the rider's
trunk and head are turned against the car.

The rider's legs will thus be accelerated by the front structures of
the car and may then be loaded also by the inertia of the two-wheeled
vehicle's main structure. His torse will usually impact the bonnet or
the upper parts of the wings.

Where the head impact will take place will depend on the speed of the
car and the car configuration parameters (e.q. bumber height, bumper
lead angle and lenfth of 1ts bonnet). It may be either on the bonnet,
the upper parts of the wings, the windscreen or the windscreen frame.
The compliance of these car structures varies considerably and 1s, as
has been pointed out in connection with pedestrian-car accidents, an
important injury ainfluencing parameter. The speed of the car and the
weight and construction of the two-wheeler are also important para-
meters.
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The two-wheeler 1s travelling in the opposite direction to that of

the car and the 1mpact occurs front to front; the closing speed 1s

the sum of Lhe specds of the two vehicles.

Ihe mass of the twu-vheeler 1s small compared to that of the car.

fhis nmay therefore be the most viclet accident situation. Ut 1s also

a situation where the r1ider's body may be travelling with Lhe head as
Lhe leading part of Lhe budy.Lven of the trunk 1s not stooped Forwared
befuie the impact Lhe legs wmay get caught by the handle bar of the
two-wheeler during the accident sequence and this may 1nduce a forward
tutation of the trunk. Should the impact then be head first into the
windscreen area the oxial luad of the body would often lead to severe
fractures at the hase ol Lhe skull and 1n the cervical spine. This
kind of 1njuries are usually lethal even at low velocities. In this'
situation the total velocity change 1s the most impottant parameter
and the compliance of the impacted structures - or the usuge ot a hel-
met by the rider - can probably influence the outcome ciily to 4 minoe
deyree.

The direction of tiavel is the-same for both the car and the two-
wheeler; the difference between the speeds of tne two vehicles 15 «
decisive factor.

The position of the rider’'s upper body then governs his kinemstics.
He may more or less remain in his original position, slide over the
bormet and 1mpact the windscreen area with the Jower part «t his back.
Severe back injuries can result form this type of accident. The main
tnjury influencing parameter 1s again the velocity and the compliance
of the struclures 1s of secondary importance.

In this type of aeccident the two vehicles move perpendicularly to each
other ur the car may be stationary but the twon-wheeler 1mpacts eilther
side of the car. Due to the higher speed of the two-wheeler this type
of accident has more similarities with the corresponding type of motor-
cycle accident than 1t has with the case when a pedestrian walks 1nto
the side of a car .

If both vehicles are moving 1n this configuration the front of the
two-wheeler will be influenced by the moving car in such a way that the
two-wheeler will rotate during the sequence and the rider will impact
the car side 1in an oblique way. Usually the rider's head will be at or
above the roof area of the car.

Lf the i1mpact occurs at the passenger compartment in the middle ot the
car the rider's body gererally will be stopped by the car's side struc-
tures. The velocity of two-wheeler and the compliance of the car's side
structures will be the 1njury influencing parameters and to some extent
the structure of the two-wheeler.

If the impact occurs at the front or the rear of the car, where the

car structures are lower, there 1s a pessibility that the rider of the
two-wheeler will pass over the car and fall to the ground on the other
side. While airborne the rider may tumble and 1t 1s therefore difficult™
to predict his attitude when impacting Lhe ground.
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Types 52 and R2

In the case of a "near miss" or a side sweep only one legand possibly
one arm and shoulder of the rider may.impact a front corner of the
car. Axial or near axial loading of the femur 1s then possible and
severe leg 1njuries, at high speed impacts even traumatic amputations
are seen 1n this type of accident.

Compliant car structures may be of some help but the relative impact
speed 13 probably more important. The arm and the shoulder may be 1n-
Jured 1n a similar way but the direction of force 1s probably more
favourable.

The two-wheeler impacts the rear of a car and the relative velocity 1s
likely to be less than i1n most of the other accident types. The car
structures, other than vertical ones, are therefore probably less im-
portant but attention should be drawn to the possible exastence of
spollers, which should for this reason be as compliant as possible.

Oblique 1mpacts

Oblique 1mpact darections may produce a combination of the injury
mechanisms mentioned above. When a rider's upper body impacts the top
of the bonnet a higher relative velocity may result in a more oblique
head 1mpact than 1s the case for pedestrians. It 1s not possible to
state on the basis of present knowledge whether or not this may lead
to more severe head injuries due to angular acceleration of the head.

In the case of the frontal collision types (Fq, Fp, F3) the configu-~
ration parameters don't seem to have so much 1nFluence on the kine-
matics and injuries of the two-wheeler rader.

Compliance seems to be important.

The configuration of the sides of the heavy goods vehicles seems to
be 1mportant for the injuries of the colliding two-wheeler rider, due
to the large gaps between the wheels of the truck. The two-wheeler
riader will be hit at head or neck level by the relat1VE1y stiff parts
of the heavy goods vehicle. .

The risk of being run over seems to be important too, Just as the
speed of impact of the two-wheeler rader.

The structures of the two-wheeler

When the two-wheeler 1s hit from the side there is a possiblity for
the leg of the rider to be squeezed between the two vehicles. The
construction and the inertia of the two-wheeler 1s then of importance
for 1njury production. If the two-wheeler collides 1n a frontal or
oblique direction with another vehicle or an obstacle it 1s possible
that the rider 1s caught by the handle-bar in the groin area. Thas
may sometimes lead to vascular and/or nerve injuries and may change
the kinematics of the rider. Any other protruding detail on the two-
wheeler may cause 1injuries 1if the rider hits 1t during the accident
sequence.

A special type of 1njuries occur when children are carried as passengers

on two-wheelers without adequate protection for the child's legs.

If the child's foot gets caught 1in the wheel 1t will be squeezed be-
tween a spoke and the frame and the resulting i1njury usually requires
hospitalization.
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The ground

For pedestrians 1t 1s now believed that the ground is of little im-
portance 1in relation to the car for injury production. The same 1s
probably to some extent the case for two-wheelers. At higher speeds
there may be a more substantial influence by the ground. The oblique
impact of the head to the ground and possible kerbstone impacts may
then become important for the severity of brain injuries. Another
important factor is the dirt on the road surface. Open wounds caused
by the primary impact to the car or resulting fromthe sliding of the
rider on the ground after impact may be smeard with dirt. This pro-
longs the healing process and may lead to complicating infections.
Normal cloths are of little use for protection since they are easily
torn under these circumtances.

Obstacles

In the streets there are several obstacles which a two-wheeler can
contact violently after loss of control. Street appertunances are some-
times designed to break away or yield when hit by cars in order to
mimimize the risk of injuries to car occupants. Because of their low
mass, two-wheelers will normally not be capable of deforming these
structures to any appreciable degree. Hence, the risk of having an
injury is much greater for these categories. In country roads trees

and fences can also cause injuries if violently contacted by the rider
of a two-wheeler.

Particularly children and teenagers sometimes use their vehicles also
1n playing grounds, parks and other plsces outside the roads where
there are several possibilities for contacting fixed obstacles. The
types and severities of the resulting injuries from such contacts
depend upon many variables, such as type of accident which determines
the kinematics and attitude of the body at impact, the velocity, the
object struck etec.

Children seem to more prone then adults 1n overturning to fall on the
end of the handlebar 1n such a way that abdominal injuries occur. Due
to the very low tolerance of the child abdomen ta the high level of
loading resulting from this kind of impact very little can be done
with the bicycle to prevent these injuries.
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4.2.2.

RESEARCH METHODS AND RESULTS

Introduction

Injury prevention research for two-wheeler riders got less attention
than 1njury prevention research for pedestrians.

The accident process of the two-wheeler rider 1s even more complex

than that of the pedestrian because of the cantribution of the two-
wheeler 1tself to the injury producing proces. Also the speed of the
two-wheeler and 1ts position in traffic situations lead to other colli-
sion types and speeds at impact.

There are several ways to study two-wheeler injury protection:

One 1s analysis of accident data and another 1s experimental research.

Accident studies

Accident studies give samples of reality in order to estimate the size

of the problem, defining priorities within this problem and developing

hypothesis in which relations between injury influencing parameters

and 1njury severity are postulated.

Accident studies also give results with regard to the guantification of
these Telations. The study of the effect of a specific {legal) measure

1s a special application of this type of accident investigation.

One might distinguish at last three levels of depth of accident
studies:

1)  accident statistics (police data level)

2) intermediate level studies

3}  in-depth studies.
To describe the size of the problem, the relative proportions of
collision types etc., level 1 and 2 data are needed.
These data may also form the basis for experimental studies under
laboratory conditions. In chapter 1 and 2, level 1 and part of level
2 are described.

The difference between level 2 and level 3 data is normally that in
level 3 far more detailed data are gathered including data on scene
for each accident.

Emphasis with level 2 data 1s on the statistical side, which means
that sample size, sampling method and detail of information are balan-
ced with respect to representativeness and statistical analysis. For
both levels investigators of more than one discipline are often used
(1.e. technical, medical etc.)

Since accidents 1nvolving two-wheelers are complicated with respect to
the exact cause of 1injury {for instance contribution of vehicle and
road factors) the 1n-dept level of data gathering is often used.

Level 3 in-dept data may provide for each case:

- data form observation on scene, soon after the accident,
helping to understand the sequences of the collision phases.

- data on the vehicles or obstacles involved, with emphasis
on vehicle types, damage, marks for reconstructing the
collision type, collision severity and 1f possible injury
mechanisms.

- general data on two-wheel riders, especlally their position
on the two-wheeler, their means of protection etc.

- detailed injury description for every casualty, 1f possible
by direct observation or through hospital records.
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Level 2 data may also contain valuable information in i1njuries and the
accident 1n general and since empbasis 1s on representativeness, a far
more reliable picture of all occurring crashes is acquired than by
means of police data (level 1).

Level 2 studies may be based on 1insurance data, hospital data (though
these will be restricted to only part of the 1njury population), tow-
away accidents or any other starting point.

As 1n level 3 studies, both damage, accadent and injury information
will be gathered, often on a statistical basis (e.g. by a written
enquiry to car owners, occupants, hospitals or police). Visiting the
sence of the accident 1s not part of this method, since this would
take too much time and effort.

For two-wheeler accidents a visit to the scene and a full investiga-
tion of the surroundings and the vehicles involved seems necessary

1f all injury causing factors are to be known.

However the in-depth approach limits the quantity of cases to be
studied 1n a given periocd of time.

Therefore level 2 data are needed to get view on the problem and its
relevant distrabutions as part of reality, especially if level 1 data
1s not available or imcomplete, as 1s the case 1n many countries.

4.2.3. Some results:

Cross [4) studied 753 non-fatal and 166 fatal bicycle casualties in
cellisions with motorvehicles (level 3).

From the non-fatal group only 17,5% remained in hospital longer than
one day. Contact with the road surface seemed to be the cause of injury
in 60% of the cases.

Contact with the motorvehicle imn 23% and contact with the bicycle 1n
6,2%.

The conclusion from Roland [5], after examining 700 motorvehicle-to-
bicycle accidents (level 3), 1s an agreement with this last statement
as far as the injury causation of the bicycle i1s concerned.

Roland [5] concluded that the bicycle did not seem to be a major source
of severe i1njuries. .

There were only four 1injuries resulting from a contact with the bicycle
that produced an AIS rating greater than one.

There 1s a significant overrepresentation of the motor vehicle as the
source of 1injury rather than the environment.

For all the defined speed categories more severe injuries tend to result
when the contact source was the motorvehicle as opposed to the bicycle
or the environment. This does indicate that the injuries are being pro-
duced in the 1nitial contacts rather than from secondary contacts with
the environment.

No significant i1nfluence on injury severity was found for:

estimated speed of bicycle prior to impact, bicyclist's age, handle-bar
type, bicycle region contacted.

Significant influence of the following motorvehicle variables was found:
estimated speed at impact, vehicle manceuvre prior to impack.

Some studies described specific in)juries:

The influence of the bicycle on intra-abdominal injuries (Esterer [21],
Aldman [19]. These injuries are usually caused by falling on the free
end of the handle-bar.

Bicycle spoke 1njuries (Juhl [20]): these lesions cccur 1f the (child)
passenger's foot 1s caught in the wheel of the bicycle.
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4.2.4. Some advantages and disadvantages of accident studies in relation to
experimental research:

advantages:
e« The only way to establish the size of the problem.

» The only method that gives 1insight 1in the i1njury influencing
parameters i1n the real accident situataion.

disadvantages:

s Approximation of some of the accident data (e.g. speed at impact,
contactplaces).

s Only the influence of the values of the parameters, as they exist
in real traffic, can be studied.

4.3. Experimental research methods

In a collision between a two-wheeler and a car, type and severity of
injuries sustained by the two-wheeler user may depend on 1ts kine-
matics but also on the relative speeds of the two vehicles. (chapter 3).
The two-wheeled vehicle may have an important speed. Moreover the crash
configuration can differ from one case to another 1n a large range
(chapter 2).

The main collision types are: F1, F2, S1 (chapter 2).

Experimental research on bicycle and moped collisions 1s mostly focused
on type F1. Type 51 1s dealth with 1n motorcycle collision experiments.
The posture seems to have a small influence on the kinematics and one
can 1magine that differences in height would also have minor influence,
as most of the two-wheeler users are adults.

Three main methods are available for research in two-wheeler
safety:

1. The full scale test between a two-wheeler and a car {or a mobile
barrier), the two-wheeler rider being a dummy or a cadaver.
Even 1f they have the advantage of being realistic, for car/two-
wheeler collisions they will have to be performed in a large number
of configurations as the potential collision types are numerous and
the impact speed can vary in a large range. The problem of impact
"with escape” may be difficult to reconstruct.

2. The body segment test (or component test) in which the safety pro-
blems involving a specific body area are investigated.
They would not be fundamentally different from research made on
pedestrian safety, as the same body segments are concerned.
Moreover, specific research dealing with two-wheeler safety concerns
head injury protection with crash helmets, as well as some other
parts of cars, trucks etc.

3. The mathematical model: this can be used as a general tool to eva-
luate and predict two-wheeler rider kinematics and dynamics.
Mathematical models are especially useful in parameter variation
studies. As a result, mathematical modelling has the advantage (and
may be the only practical tool capable) of determining generalised
output for complete populations.

The use of mathematical models in two-wheeler safety research 1s
relatively recent. The method 1s promising for the near future.
Mathematical models have to be validated with test-results and/or
accident investigation output.
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Full scale approach of two-wheeler safety research.

This approach generally consisls in reconstructing a collision between
a car and a two-wheeled vebicle on which a model of a human being 1s
seated (Sacreste [8], Taneda [9]).

The 1mpacts sustained by the two-wheeler rider ejected from his
vehicle can be analyzed 1n relation to car/two-wheeler collisions or
to impacts against objects 1n the surroundings (Chretien [107).

Two main research projects used this car/two-wheeler full scale ap-

proach to study two-wheeler protection.

For the first one (Kraus [2]) 22 collisions between a passenger cat
and a moped were recontructed. These tests were made 1n 6 different
configurations, most of the tests representing a road crossing colli-
slon, the moped being either striking or struck.

All the tests, except Z, were performed with a 50th percentile duminy;
the other 2 used cadavers.

In 13 tests, the two-wheeler user was helmeted whereas 1n the other 9
his head was not protected.

Main results:

Lhis research found that, in the case of stiuck woped, the two-wheeler
user kinematics can be compared with pedestrian kinematics.

From the point of view, the car modifications made to protect a
pedestrain can be favorable for two-wheeler users too.

The head-ground 1mpact gave higher HIC values than the head-car im-
pact. The helmet ensures a certain measure of head protection; 1t 1s
less effective 1n the temporo-parietal area. Finally, an interaction
between the moped and the dummy pelvis has been found 1n several cases.

The second study (Taneda [9]) was made 1n Japan. For this research |0
collisions were performed, 1n which a standing motorcycle was struck
laterally by a car or a rigid mobile barrier. The aim of this research
1s to study lower limb protection of motorcylists, so the tests were
made with a 50th percentile dummy equiped with frangible legs.

Main results: .

the modifications of cars in order to optimize energy absorbtion would
allow to ensure a better protection of the rider against leg injuries.
It seems possible to protect from leg injuries at a speed up to

40 km/h and the authors think that the other 1injuries are acceplable
in this range of speed.

The protecting device tested 1n lateral collisions would have a bene-
ficial effect in other crash configurations, especially aveiding leg
crush under the motorcycle in case of rollover andunderride of the
motoreycle under a car.

The effect of the rider ejected from his motorcycle and impacting a
guardrail has been studied experimentally (Chretien [10]), with
tests i1n which a dummy 1s laid down on the back, the head forward, on
a mobale platform which 1s suddenly stopped; the dummy 1s projected
forward and hats a guardrail, the head first and under a chosen angle.
This research has shown that 1t 1s possible to design deformable
shields avoiding the direct impact between the two-wheeler rider and
the rigid and sharp parts of the guardrail {posts and rails).

The thaird study is done at TND (Janssen [17]).

Dummy tests were executed (type F1) as a first step to validate the
MADYMO mathematical model.

The first results indicate that the kinematics of the bicylists
resembles that of a pedestrian but that the impact places of the
bicyclist-head on the car is somewhat higher.

Further results will be presented at IRCOBI 1984 in Delft.
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Advantages and disadvantages of the full scale approach for two-

wheeler protection research.

This approach would give generally a realistic view of the two-
wheeled vehicle/car collision but the realism of the reconstruction
1s limited by the behaviour of the dummies and by the selection of
crash configurations.

Especially making tests with a standing vehicle decreases the inte-
rest of thas approach.

These tests do not have a good repeatabilaty and each test can only
allow a safety evaluation i1n one specific configuration, whereas the
accidentology shows an important diversity of real crash configura-
tions.

The two-wheeled vehicle type has a big influence on the results of
the tests; thus these results can not be applied to all two-wheeled
vehicles (e.g. mopeds versus motorcycles).

Component tests used inresearch for two-wheeler safety.

Many researches using the component test approach, dealing with two-
wheeler protection have been performed: most of them concerned head
protection, 1.e. study of crash helmet protection.

Some of these studies are limited to the verification of helmet
performance 1in tests samilar to standard tests (Taneda [9], Chretien
[ioh.

Other more fundamental studies allow to better kmow the mechanisms
which govern the head protected with a helmst and then to 1ncrease
the performance of these devices.

One biomechanical research project {Fayon [13]) 1investigated 1njury
mechanisms and head protection possibilities on the basis of drop
tests. 11 tests have been performed with cadavers, 9 of them were
helmeted: the drop height was 1,83 m or 2,50 m,

The subject was 1nclined at 30° downwards, the head farst hitting a
rigid flat surface.

These tests were completed by some tests using only the helmeted
head of a Hybrid I1 dummy or a helmeted metallic head model.

In this study the HIC values are very high even in tests performed
at 1,83 m, but the measures were not obtained at the center of gra-
vity of the head.

Tests performed with a head only (dummy head or metal form) gave HIC
values lower than those obtained in tests using whole bodies.

An other research (Aldman [14]) studied in the influence of horizon-
tal velocity of the head when 1t hit the ground, on the kinematics
and the linear and angular accelerations sustained by the head.
Helmeted head and neck of a dummy, attached by a lever arm to a rail
guided carriage, sustained free falls on a ring simulating the road
surface. The horizontal ring rotated in order to simulate the hori-
zontal component of the head speed related to the ground.

These tests showed that i1n these conditions the head sustained 1mpor-
tant angular accelerations and speeds while the HIC value, which
takes into account only the linear acceleration comporents staid
generally below 1000.

This study concludes that some helmets have a shell made of material
which 1s too soft to provide a desirable low friction belween helmet
and road surface.

An other study (Bastiasanse [15]) compared the energy absorbtion
characteristics of a protective helmet and a coconut shell, and
showed on the basis of experaimental tests, that the coconut has
greater energy absorbtion capacity than the foam used for helmets.
The author proposed to design helmets without rigid external shell.
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Advantages and disadvantages of component tests as a basis of two-
wheeler rider protection research:

Compornent test methods allow to make researches based on a large,
-number of tests, having a good repeatability at relatively low cost.
But these tests are notable to give only a ¢lobal view of the two-wheele
accidents as they reproduce just one phace of the accident.

Moreover, the conditions in which they are performed are simplified
{2D motions) and so their realism is limited.

From this point of view, the conclusions found 1n researches using
the component tests approach should be validated trough full scale
tests.

.3.3. Mathematical models for research in two-wheeler protection.

It seems that there 1s no mathematical model which 1s especially
designed for bicycle and light powered two-wheeler safety research.
Existing models of car occupants or pedestrains could be used for
two-wheelers but their adaptation and validation would need a suffi-
cient number of test results. ’
The three dimensional CVS 3 Calspan model has been adapted by the
Denver Research Institute to study the behaviour of crash victims in
motorcycle accidents (Fleck [16]). In the Netherlands, SWOV and
IW-TNO are working on a program that 1s set up to produce a validated
mathematical model for two-wheeler accidents waith cars.

At this moment dummy-tests have taken place as a first step to
validation (Janssen [17]).

In Germany a mathematical model exists which simulates the impact of
a motorcycle in the side of a standing car (Sporner [18]).

In fact, 1t seems that up to today there are practically no results
of light-powered two-wheeler safety research using mathematical
modelling.

Advantages and disadvantages.

Mathematical models have potentially many advantages as they allow
to 1nvestigate a large number of situations 1n a short time at laow
cost, without repeating experimental test. For that reason they can
generalise output {(complete) populations involved 1n certain {or all)
crash configurations. The accuracy of the results of mathematical
model studies are largely depending on the quality of the validation
of the model. For validation not only full-scale test results must

be used, but also results from (1n-depth) accident investigattions

and specially developed validation test results can be used.

Compared with full-scale tests, the results of mathematical models
can be stated to be at least as realisitc.

The condition of the representation of the real situation with dummies
or cadavers 1is somewhat questionable.
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CURRENT KNOWLEDGE ON HUMAN TOLERANCE

Introduction

Accadents anvolving bicyclists and moped users can occur 1n various
situations,