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Since several years numerous Westeuropean institutions 

investigate traffic accidents to gain data for further develop­

ment of safety devices. By order of the "Forschungsvereinigung 

Automobiltechnik" (FAT) , a suborganisation of the "Verband der 

Automobilindustrie e.V." (VDA), a study has been carried out by 

questioning investigation teams and evaluating their published 

papers to find answers to the following questions: 

- institutions involved in accident data acquisition, 

- investigation methods and main effort, 

- review of their results. 

One result of this inquiry was that 18 institutions have their 

own data acquisition team (see Fig. 1 ) .  The statements concerning 

the investigation methods are too spacious to be described here, 

they are published in. the study of the FAT· l"1_J. 

This paper presents 

- methods of data acquisition, 

- a classification of the results, 

- comparability of results, 

- state of results. 
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Institutions with data acquisition 

- Adam Opel AG, Germany 

- Alfa Romeo SpA, Italy 

- Association Peugeot-Renau l t ,  France 

- Chirurgi sche Universitätskli nik Heidelberg, Germany 

Daimler-Benz AG, Germany 

- Fiat SpA, Italy 

- Ford Werke AG, Germany 

- Verband der Haftpflicht-, Unfall- und Kraftverkehrs-

versicherer ev (HUK) , Germany 

- Medizini sche Hochschule Hannover, Germany 

- Odense University Hospital , Denmark 

- L'Organisme National de Securite Routiere (ONSER ) , France 

- Saab-Scania, sweden 

- Stichting Wetenschappelijk Onderzoek Verkeersvei l i gheid 

(SWOV) , Netherlands 

- Techni sche Universität Berlin, Germany 

- Transport and Road Research Laboratory (TRRL), Great Britain 

- University of Birmingham, Great Britain 

- Volkswagenwerk AG, Germany 

- AB Volvo, Sweden 

METHODS OF DATA ACQUISITION 

Fig.  1 

The required data from traff ic accidents can be gathered by 

1. immediate data acquisition 

2 . immediate and retrospective data acquisition 

3 .  retrospective data acquisition 

The immediate data acquisition by an own team has the advantage 

that the statements �nd the trustworthiness of the data can be 

estimated be
.
cause of the known quality of the team. 

Doing retrospective data acquisition it has to be considered that 

the acquisition method as well as kind and volume of the data is 

defined by the primary acquisition aim (police data - who is 

guilty, insurance data - regulation of damage, hospital data 

medical treatment). Trustworthiness and representativeness of 

those data have to be checked. In addition, some data sources are 

not directly available to accident investigators, like judical 

or hospital records. 
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Fig. 2 shows the dimension of the characteristics of the three 

methods: 

- data/case car - manhours/case 

- cases/year - costs/case 

�he efficiency can only be ascertained in comparison with the 

results to the same subject. Because of lack of comparable results 

a calculation of the efficiency of the three methods has to be 

done later. 

CLASSIFICATION OF RESULTS 

A f irst step was to classify traffic participants into four 

groups: trucks 

passenger cars 

two-wheelers 

pedestrians 

Then the results have been co-ordinated with the respective group, 

and the third step was to make up a matrix for each gr0up with 

5 4  key-words used for accident investigation (Fig. 3-7) . In these 

matrixes the number of results found out for each key-word com­

bination was filled in. So the matrixes give an overlook to which 

problems (key-word combinations) results are excisting and to 

which not. 

19 4 papers with 1298 results have been classified, becausepf the 

length of the list of the used literature �t must be referred to 

the study of FAT l"1 J. We found that cars have been involved 

with 60%, followed by pedestrians with 18%, two-wheelers with 1 3% 

and trucks with 9% (Fig. 8). This distribution illustrates too 

the main effort in data acquisition according to groups of traf­

fic participants. 



COMPARABILITY OF RESULTS 

We found out very soon that a comparison was impossible be­

cause aims and methods as well as team specific conditions of the 

different investigation teams are too divers. Therefore the re­

·sults could only be juxtaposed. Two examples shall point out the 

difficulties to compare results (Fig. 9 ) : 
1 From different acquisitions data are present to the key-word 

combination "injury severity of car passengers" and "collision 

speed". However, the results shown in Fig. 9 are not comparab­

le, because the speeds are estimated with the methods ETS, 

�v, relativecollision speed (RCS) , and estimated mean rela­

tive impact speed and a unification is not possible. 

To describe the injury severity, 'AIS and ISL (indice de seve­

rite des lesions) have been used, a unification is only pos­

sible with limitations. 

2 To demonstrate the injury diminuishing effects of safety belts, 

the injury distribution among body parts with and without 

belts has been investigated. The values �f the example in 

Fig. 9 are not comparable because the base of the values is 

- the number of occupants by Saab, 

- the number of injuries by Volvo. 

With the declaration of some more basisdata a conversion would 

be possible and the use of the data would be extended without 

great expense. 

With an acceptable expense to convert or to transfer units of 

measure and kind of description only 78 (6%) results could be 

juxtaposed. The following table shows the juxtaposed results in 

proportion to the groups of traff�c participants. 



to be 
results juxtaposed 

N % N % 

cars 77 6 100 51 7 

pedestrians 23 6 100 12 5 

two-wheelers 1 63 100 8 5 

trucks 123 100 7 6 

1298 100 78 6 

To make use of accident investigation data more easy, the follow­

ing points have to be considered: 

- source of data 

- selection criteria and restrictions 

- number of cases 

- distinct reference of percentage to basis values 

- declaration of basisdata if comprehensive values have been used 

STATE OF DATA ACQUISITION RESULTS 

The specific conditions of 18 investigation teams and the ex­

perience in trying. to compare results make evid�nt that data 

acquisition is as complex as traffic accidents and does not allow 

a simple review. Therefore single results will not be discussed 

but a review·of the state of results will be given by interpre­

tation of the matrixes. Therefor the distribution of the results 

among the key-words and the correlation of accident parameters 

among themselves will be examined. 

The distribution of the results among the traffic participants 

in Fig. 10 shows again the high part of passenger cars. In all 

groups the key-word group A - general indications - predominates, 

the di�tribution of the groups B - G varies considerably and in 

five groups the number of results is less than 10. Because there 



are up to 11 key-words in one group, such a distribution is not 

satisfying. 

This is also pointed out by the cornbination of keyTword groups in 

Fig. 1 1, because for a lot of cornbinations no·results are excist­

ing or the values are lower than 1% of the results, so Fig. 11 

·Shows the fields which should be investigated with more effort in 

the future. 

To develop safety devices it is not only important to know the 

parameters inf luencing traf f ic accidents but also the correlation 

of these parameters. That is why the correlation of accident 

parameters has been .examined to valuate the results of data acqui­

sition. Therefor the parts of "single-parametric" and "multi­

parametric" results will be confrontated. 

An accident parameter has been def ined as a dimension or a value 

influencing or describing the accident or his effects, like 

- collision configuration - speed - OAIS, AIS 

- position of occupants - VDI, VIDI etc. 

These parameters are specified in the key-word groups B - G. 

Dimensions used to mathematical compilation or statistical classi­

f ication of the examined accident parameters are summarised in 

key-word group A (nurnber, frequency, country, year). 

Single-param�tric result: 

Multi-parametric result 

f requency of dar collision types 

- f requency of injured parts of 

passenger bodies 

- injury severity of pedestrians depen­

ding on collision speed ( 2  parameters) 

- injury severity of pedestrians depen­

ding on their age, car body style and 

collision speed ( 4 parameters) 



According to the above parameter definition the results have been 

classified depending on the number of parametrs being found. 

Results which have been published several times have been coun­

ted accordingly if they were not accurately identical. 

·The table and the curves in Fig. 12 show, that single- and two­

parametric results predominate and that the number of results 

decreases rapidly from three to eight parameters. The course of 

the curve of pedestrian results compared with the others shows a 

more uniform distribution of the results among the first three 

parameters. One reason can be, that the former car accident in­

vestigation has shown the greater effectivness of a data acqui­

si tion which makes it possible to correlate several accident 

parameters. 

Comparing the proportions of multi- to single-parametric results, 

one can see to which extent the correlation of accident para­

meters has been realized in the past. 

multi -Earametric 
single-parametric 

results 

cars � 4 
pedestrians ....., 3 

tw6-wheelers � 2 

trucks 1 • 5 

all particip ,...,, 3 

The comparison of the factors shows, that the cars present the 

advantageous proportion with 4 : 1 of multi- to single-parame­

tric results, and trucks �he disadvantageous with 1.5 : 1 . 

These �alues shall not lead future activities mainly to the group 

trucks, but to a more intensive investigation of the correlation 

l 



between the accident parameters. 

In connection with the distribution of the results among the key­

word groups and key-word group combinations (Fig. 10-11) one can 

state, that more effort in data acquisition shall be shifted to 

. those subjects where only few results are found until now. 

CONCLUSIONS 

This study shows that 

th� traffic participant group cars nas received main efforts 

in data acquisition, pedestrians and two-wheelers get more and 

more attention and trucks usually are investigated as a colli­

sion partner of the other groups; 

- the results of different data acquisition programs are not com­

parable, only for a few exceptions with the juxtaposition of 

results it is possible to check tendencies; 

- the ef f ici�ncy of investigation programs can only be ascer­

tained when comparable results to one aim do excist; 

- the distribution of results among the subjects (key-word groups) 

of accident investigation gets less f avourable in the order 

cars, pedestrians, two-wheelers and trucks; 

the proportions of multi- to single-parametric results also get 

less favourable in the order cars, pedestrians, two-wheelers 

and trucks. 

The formation of the OECD ad hoc group "Multidisciplinary Acci­

dent Investigation Surveys " (MAS) shows, that the problems, men­

tioned in this study, have been recognized and are partly in work. 

Besides this institutionalized planning and co-ordination, acci­

dent investigation teams are requested to diminuish the problems 

by direct contacts and agreements. 

REFERENCES /: 1.J Wanderer, u. , Blödorn, J.: Unfallforschung, westeuropäische 
Forschungsprogramme und ihre Ergebnisse. FAT Schriftenreihe 
Nr. 4 ,  Frankfurt/Main 197 7 



d
a

t
a

 
a

c
q

u
i

s
i

t
i

o
n

 

i
mm

e
d

i
a

t
e

l
y 

i
mm

e
d

i
a

t
e

l
y 

a
f

t
e

r
 

a
n

d
 

t
h

e
 

a
c

c
i

d
e

n
t

 
r

e
t

r
o

s
p

e
c

t
i

v
e

 

. o
w

n
 

s
o

u
r

c
e

 
o

f
 

o
w

n
 

a
c

q
u

i
s

i
t

i
o

n
 

d
a

t
a

 
a

c
q

u
i

s
i

t
i

o
n

 
o

f 
a

 
p

a
r

t
 

o
f

 
t

h
e

 
d

a
t

a
 

p
l

u
s

 
d

a
t

a
 

f
r

o
m

 e
x

i
s

t
i

n
g

 
r

e
p

o
r

t
s

 
(p

o
l

i
c

e
, 

h
o

s
p

i
 t

a
l

) 

n
u

m
be

r
 

o
f 

ve
r

y 
h

i
g

h
 

m
i

d
d

l
e

 -
h

i
g

h
 

d
a

t
a

 
p

e
r 

(2
-

4
. 

1
0

'
) 

(5
0

0
-

10
0

0
) 

c
a

s
e

 c
a

r 

lo
w

 
l

o
w

 -
m

i
d

d
le

 
c

a
s

e
s

/
y

e
a

r
 

(
1

0
0

 -
1

0
0

0
) 

(1
0

3
 -

1
0

4
> 

m
a

n
 

h
o

u
r

s
/

 
h

i
g

h
 

m
i

d
d

l
e

 
c

a
s

e
 

(5
0

) 
(2

0
 -

3
0

)
 

c
o

s
t

s
/

c
a

s
e

 
h

i
g

h
 

m
i

d
d

l
e

 
(D

M
 

1
.

0
0

0
) 

(D
M 

4
0

0
-

6
0

0
) 

e
xam

p
l

e
 

H
e

i
d

e
l

b
e

r
g

 
O

p
e

l
, 

S
AAB

 
H

a
n

n
o

v
e

r
 

V
o

l
v

o
, 

T
R

R
L

 
B

e
r

l
i

n
 

swov
 

B
i

r
m

i
n

g
h

a
m

 
B

i
r

m
i

n
g

h
am

 
D

B
, 

F
o

r
d

, 
VW

 
Peugeot

-
Renaul

t
 

T
R

R
L

, 
O

d
e

n
s

e
 

C
h

a
r

a
c

t
e

r
i

s
t

i
c

s
 

o
f 

d
i

f
f

e
r

e
n

t
 

s
t

a
r

t
s

 

o
f

 
d

a
t

a
 

a
c

q
u

i
s

i
t

i
o

n
 

r
e

t
r

o
s

p
e

c
t

i
v

e
 

e
x

i
s

t
i

n
g

 
r

e
c

o
r

d
s

 
f

r
o

m
 p

o
l

i
c

e
, 

h
o

s
p

i
t

a
l

, 
i

n
s

u
r

a
n

c
e

 
c

o
m

p
a

n
i

e
s

, 
ju

d
i

c
a

l
 

r
e

c
o

r
d

s
 

e
t

c
. 

l
o

w
 -

m
i

d
d

l
e

 
(2

5
0

 -
5

0
0

) 

m
i

d
d

l
e

 -
ve

r/ 
h

i:t
h

 
( 1

0
 

-
10

 
) 

l
o

w
 

(5
 -

1
0

)
 

l
o

w
 

(D
M

 
1

0
0

-
2

0
0

) 

H
U

K
-

V
e

r
b

a
n

d
 

swov
, 

V
o

l
v

o
 

A
lf

a
-

R
omeo 

F
o

r
d

, 
O

d
e

n
s

e
 

F
i

g
. 

2 

Pu
b

l
i

s
h

e
d

 
r

e
s

u
l

t
s

 
o

f
 

a
c

c
i

d
e

n
t

 
d

a
t

a
 

a
c

q
u

i
s

i
t

i
o

n
 

G
r

o
u

p
 

o
f

 
ti

a
f

 fi
c

 p
a

r
t

i
c

i
p

a
n

t
s

 

p
a

s
s

e
n

g
e

r
 

c
a

r
s

 
p

e
d

e
s

t
r

i
a

n
s

 
t

w
o

-
w

h
e

e
l

e
r

s
 

K
ey

-
w

o
r

d
 g

r
o

u
p

s
 

A
 

-
g

e
n

e
r

a
l

 
i

n
d

i
c

a
t

i
o

n
s

 

B
 

-
e

n
v

i
r

o
r

une
n

t
a

l
 

f
 a

c
t

o
r

s
 

C 
-

a
c

c
i

d
e

n
t

 d
e

s
c

r
i

p
t

i
o

n
 

D
 

-
v

e
h

i
c

l
e

 d
e

s
c

r
i

p
t

i
o

n
, 

u
n

d
a

m
a

g
e

d
 

E
 

-
v

e
h

i
c

l
e

 d
e

s
c

r
i

p
t

i
o

n
, 

d
a

m
a

g
e

d
 

F
 

-
p

e
r

s
o

n
a

l
 

d
e

s
c

r
i

p
t

i
o

n
 

G
 

-
i

n
j

u
r

y
 

d
e

s
c

r
i

p
t

i
o

n
 

A
 

1 
f

r
e

q
u

e
n

c
y

 

K
e

y
-

w
o

r
d

s
 

1 

' ' . 

A
 2 

a
c

c
i

d
e

n
t

 
f

r
e

q
u

e
n

c
y

, 
a

c
c

i
d

e
n

t
 

p
a

r
t

i
c

i
p

a
t

i
o

n
 

A
 3 

n
u

m
b

e
r

 
o

r
 a

v
e

r
a

g
e

 

G
 6 

r
e

s
c

u
e

 
s

e
r

v
i

c
e

 

. 

G
 7 

c
o

n
d

i
t

i
o

n
s

 
d

u
e

 
t

o
 i

n
j

u
r

y
, 

p
e

r
i

o
d

 
o

f
 

c
o

n
v

a
l

e
s

c
e

n
c

e
 

G
 8 

r
e

c
o

v
e

r
y

 
c

o
s

t
s

 

�
 

Mo
d

e
l

 
f

o
r

 
c

l
a

s
s

i
f

y
i

n
g

 
t

h
e

 
r

e
s

u
l

t
s

 
o

f
 

a
c

c
i

d
e

n
t

 d
a

t
a

 
a

c
q

u
i

s
i

t
i

o
n

 
F

i
g

. 
3 



p 
-

r.1""' /
"'

i-�
1"'

,.
... I-

"'i
""'i

"' -
�·.,

,,�
1„1-'""

' .... r-
��1_,

,,� 
-

: -i"
"'r--

·1.0
 ,_,

„ 
�

 ::
:>-

-
'"!""'

 . .,.,,.., 1-
"'

.�
 . .,. 

·"·"
r-"'

 
«I<

 <( 
..:

:! <
 «

I« 
""i"'

bJc,
,l.,,!::

:>ic''P 
'-'i'-'

f'-'J'
-'t-+
-'i'-'

 o
p1c

10 "'
'"'�""

:"' .:
::lö

� 
...,!�

 ...,!..
.,j.., 

�L
i .. . : ..

... 1 ... !'"-
IL..'"-

:GG
r..�t

C� 
A 

Je
.:.

 f
re

 u
en

c 
dC

C.
 

u
ti

ci
 a

ti
on

 
1 

111
 �,-i

.-l--4
-��

.12-f-+
.:+-+

--i''o"
 

1 � 1 
fr

� 
ue

nc
 

!B 
3 

6 i 5
 

LI
 1 

1 

3 · 
n u

rab
�r

 o
r 

av
er

aQ
e 

. 
r 

�
, 

v
ea

r
of

da
ta

ac
ou

is
it

io
n 

1 1
11

1'.
 i

lL
ll

l 
ILl

l
l 

1 1
11

,
' 

1
1

1
.1 1

1
1

1
11

2 11
12

11
: 

l 1
i1

l '
I 

1
11

1
211

11 
A

 6
 C

Ou
nt

rv.
 ar

e
a.

 p
la

ce
.

 i
nv

es
t.

 t
ea

m 
1 

1 
II

 X
21

2J
 ! 1

 j
 1 i

lhO
J J

3ili
 J

3 
1

21
 j 

1 1
 1 !

l
r 

j 1
 1 

11
12

1 
111

 j
 1

, l
 1 

1 
l

4J
2 J 5

[ 1 1
 1 1

 1 Ä&
 

:\ 
• 

ne
tho

d 
of

 d
at

a 
ac

Qu
is

it
io

n 
1 1

 1 1
 l 

'XI
 1 1

 1
 

' 
1 1

 1 1
 1 1

 1 1
41 

1 1
 1

1! 
1 1

 1 1
 1 1

 11
 1 1

 i 1
 1 

1 1 
1 1

 1 1 
TT

TTI
 1 1

 1 1
 1 

A 1
 

Si
 

ac
.:i

de
nt

 l
oc

at
io

n 
(u

rb
an

, 
ru

ra
ll

 
1 IOiO

i 1 
1 i 

�
li 1

1 
1

 1 
J 1

6 1
3 1

4 1
1'3
'1

1 
1

 1
 1

21
JJ

1 1
31 

1 1
 1

 l1
1

1i 2
1 

1
1 I 

1 i 
1 1 

l2'1
l3J

 l 1 
1 1

 1
 R

 
o 

-
tv

oe
 o

f 
ro

ad
 

1 1
 1 1

 l l
 1 �

 1 1
 1 T

 f T
l 1

 l 1 
I l

 1 I I
 I

 I I
 1 I

 1 1
 l 31

 1
 : 1

 1 
1 1

 1
 1

 1
 1

 1 
1

 1 
1

 1
 1

1 "
-'

 1 
1 1 

1 
• R

 
5 

3 
ro

ad
 c

on
st

ru
ct

io
n 

ch
ar

ac
te

ri
st

ic
s 

1 
1 1

 1
 i-,-

-TT
I XI

 1 1
 1 

1 1
 1

 1 1
 1

 1 1
 1 

1 
1 

1 
1 1

 1
 ! 

1 
1 1

 1
 1

 1 1
 1

 1
 1 

· 1
 i 1

 1
 1

 1
 1

1 l 1
 1 

1 
1 

1 
ll

 
5

 1
 e

nn
ro

nm
e

nt
al

 r
oa

d 
co

nd
it

io
n<

 
1 

J J
 1 

J 1
 1 

1 
J 1

 �
 

4 
S:

 
tr

af
fi

c 
co

nt
ro

l.
 t

ra
ff

ic
 s

iQ
ns

 
1 

1 1 
1 1 

1 1 
1 

1 1 
1 'l

lliO.: 
I S 6

 
tr

af
fi

c 
co

nd
it

io
ns

 
dr

iv
in

 
ou

t 
ut

 
-

o 
/ 

"e
at

ne
r 

an
d 

vi
si

bi
li

tv
 c

on
di

ti
on

s 
,.,-

\ 
1 1 

1 1 
J 

11 
1 11

 f 
1 f

 1I•
1 

r 
1 

8 A
 

;; 
3 

ti
:ne

 o
f 

co
ll

is
io

ns
, 

o
er

io
ds

 
1 IOI

 i 1
 1 1

 1 
1 1

 1 1
 

1'\.1
3 

-
' -

:vo
e 

of
 .:

ol
li

si
on

 
-10

1 1
 1 1

 1 1
 1 

1 1 
1

 1 ;
 1 

i N
 13 1

1 
1 11

 1
' 

IOi'I
 

1' 
i.. 

-
..:a

.;s
e 

u•
 a

cc
1d

en
t 

.: 
3 

cJ
l 

1. 
co

nf
iQ

ur
at

io
n.

 o
bi

ec
ts

 c
on

ta
il

e �
 

10
 

• 
J 

da
'"la

qe
 c

on
fi

ou
ra

ti
on

. 
type

 of 
da

ma
qe

 
II

 1 1
 

1'
 

1 
' 

c 
, J

i -
ec

 t 1
 on

 o
f

 e
o l\

_isj
 on

 
0 10

 
.: 6

 s;l
ee

d 
0 

T 
1

 
C7

 1
 eng

th 
of

 t
h r

ow
 

1 12
1

1
1

1
2 1

1
1 3

1
1

1
1

1
1

l 31
t2

11
.1

11
•

11
1T

T
1

2f
3T1

4T2'
1

1
1

1 
r1

 
1 1

 l 2
 1

 131
 1 

1 1
 1

 1 
1 1

 1
 1

 1
 1 l

 2 I 
1 1

 1
11212

1
 l 

1 I 1
 LI

 i 1
 1 

1 
r 

, 
1 1 

1 
1 1

 l 1 I
 1 1

 1
 1 1

 1 1
 1 

13
1 

1 
1 

1
 1 

1 1
 1 1

 1
 1 

15
11

1
4 I 1il

 l 1
 1 -;:-,

 
4J 

1 I 1
 1 l

 1 I 1
 1 1

 1
 1

 1
 1

 1 l
 1 I 1

 1
 1 

1 1
 1 1

 ! 
1 

1 l
 1 1 l

 4l1 LI
 T 1

 1 --;
;-A 

l!lo.
1 3 1

 1
 

1
11 

1 1
 1

 1
 1 1

 1
 r TITl

 l 1
 

1 
, 'T

T r
 n

 T3T
ITI

IT 
1 1

 • 
r 

• 
1\,;

 1 
13

11
11

11
1

11
1 

1
 1

111
-1

1 1
 1

1
: \1T

lT
TS

l 2T1
1T5T

l1 
II

.-
"

 
1'I

 11
11

1 1
11

11
11

11
11

i1
1 

11
11

11
11

11
1 1

 C1
 

'O 
, ; 

�
 11

11
·1'

 11
1 1

 11
11

11
11

'J
1 11

11
11

lI
1 1

 n
1 

D 
1 

·ia
'e

. 
mJ

de
 1 

D 2
 ;

ea
r.

 a
�e

 
1

 1 i
 1 i

 1
 1 

1
 1 

1 
i 

: 1
 1 

1 
1 

1 
1 '

 1
 1'I

 1 1
 1 

1 1
 1 1

 1 1
 i 1

 1
 l

 1l
1 1

 1
 1 1

 1 1
 1

 1 1
 1
1 1
1 1

11 
1

 1 
' 

1 - „
 • 

' 1
 

D
3 

te
c•

ni
ca

l
 d

es
cr

1p
t1

on
of

ve
hi

cl
e 

1 IX1
1

1
1

1 
1 1

1
 IT

Tl
i r

TT
I l

 X
 1

1
N

l
11

1
1

11
1

1
1

11
1

1
11

1
l1

 1 
1 1

1I
l

l
2'3

D1
1 

1 1
 no

 
� 

� 
ve

ei
cl

e 
co

nd
i t

ion
 b

ef
or

e 
ac

ci
de

nt
 

1 
1 1

 1 1
 t 1

 1 
1 

1 1
 1

 ,
 1

 1
 1 1

 1
 1

 1 1
 1 

1 1
 N:

 1 1
 1 1

 1 1
 1 

l 1 I 
1 

1 
1 1

 1
 ' 

1 
, i 

1 1
 1 ]

 II
 1 1

 1 •
 n 

• 
D

 , 
ve

oi
cl

e 
eo

ui
pm

en
t.

 a
cc

es
so

rv
 

1 1
 1 1

 1 1
 1 1

 1
 i 1

 1
 1 1

 i 1
 1

 1 1
 1 1

 1 1
 1

 1
 1 N

2 1 
IS I

 1 1
 1 

1 
1 1

 I 1 I
 1 1

 1 
1 

l 1
 [

 l
t l

 L
TI1

 1 1
 1 

1 -;
;-c 

• �
 � ��

����\!�;��zd�
�����s 

rTT
I 111

1 l 1
1 !i

111
111

111 1
11: 1

NJ
111111

11315 11' 
1111

' l l
3 l5 J' l1l l1I 

1-n
 1 

D
 cl

 u
se

 o
f

 s
ea

 t 
be

 1 ts
 

1 1
 1 l

 1 1
 1 1

 1 
1 1

 1 1
 1 1

 1 
1 1

 l 1
 1 1

 1 
! l 

1 IO
I l

 "'1.
 14 1

 1
 1

 1
 1

41 
21

2 1 
1 '

 
1 

1 
, 1

 5 l11l
13l

8T1'
 1 1

 1 --rl'il
 

D
 :l 

in
fl

ue
nc

e 
of

 o
as

se
no

er
 c

om
pa

rt
me

nt
 c

on
d.

 
1 

1 1
 1 1

 1 1
 1 

1 1
 1 1

 1 1
 1 1

 1 
1 1

 1 1
 1 

1 1
 1 1

 1 1
 1 1

 N
 ·1 

1 1
 1

 1
 1

 1 
1 1

 ; 
1 1

 1 1
 1

 1
 1

 1 r
 ' 1

 ' 
1 -,

,--0 
0 

10 
D

OS
lt

io
n 

an
d 

nu
mb

er
 o

f 
o

as
se

nq
er

s 
l�

I 1
 1 

1
 1 

1 1
 1 1

 1
1

 1 
11

 1
 1

 f 1
 1

 fT
l l

 T TT
T l

 l T
 N

 1
 1 T

 T71
1

41
r

1
21

1 1
 ! 1

611
31 1

1110
12

1 
1 1

 1 -
ntn

 
0

 11
 bo

d}
 s

ty
le

 
1 

1 1 
1 1 

1 1 
1 1

 1 
1 1 

' 
1 1 

1 1
 1 

1 1 
1 1 

1 1
 1 1

 1 1
 1 1

 1 
1 N

 1
 1

 1
 l

 l
-TT

T1
 Tl

 1 1
 1 

1 1
 1 

1 1
 1

 1
 -"'1

 
X

 
C 

T 
lo

�3
:1

on
 o

f 
da

�a
qe

 
10

 
C

la
ss

1f
ic.

at
io

n 
of

 v
eh

ic
le

 d
am

ao
e 

n
 ma

 te
 ri

 a l 
da

ma
oe

. 
re

oa
 ir

 c
os

 ts
 

X
 

T4
 i

ni
u•

'Y
 c

au
si

nQ
 v

eh
iCl

e 
o

ar
ts

 
t 

5 
e "

ec
t T

ve
ne

ss
 o

f 
sa

fe
ty

 d
ev

ic
es

 
X

 

1 
101!

 

1
 

N
ll J

 J 1
 1 1

 1 1
 i fT

TTTT
I 1

 1 1
 1 

r 
1 

N"
"TT TIT

T T
l l

 I 1
2 1

219
11

11
1 1

 1 
1 T"?

 
N

I 1
11

11
1

1
1

1
1

1
11

1
11

 17"
"1 

N
 J 

l 1
 1 l

 1 1
 1 1

11
6 1 4

1 41
3'

 1 
1 

1 T4"
 

N
 1

 1
 1

 1
 1

 1 
i l

 1 1 1
41

41
21

 1 1
 1 

t 5
 

b 
�

 t 
s t

H
Jr

e.
 s

 i ze
 

1 
1

 1
 1 1

 1 1
 1

 1 1
 1

 
1

 1 1
 1 

1 1
 1 1

 , 
1

 1 1
 1

 1 1
 1 1

 1
 1 1

 1 1
 1 

1 1
 1

 1 
N

 1 1
 • 1

 • 
• 

• •
 1 

• 1
 1 

; 
1 

r--,
 

F
 3

 »
e1g

ht 
1

 1
 1

 1
 1

 1
 1 1

 1
 1 1

 1 1
 1 i

 1 1
 1

 1 1
 1 1

 1 1
 1 1

 1
 1

 1
 1

 1
 1

 1
 1 1

 1
 1

 1 
1 N

 1 1
 1 1

 1 
1 1

 1 1
 1 

1 1
 1

 I1
 

F 
da

te
 o

f 
b1

rt
h 

F
 .: 

se
> 

1
 1 1

 1
 1

 1
 1

 1
 1

 1
 1

 1 1
 1

 1 
1 1

 1 1
 1 1

 1
 1

 1
 1

 1 
1

 1 1
 1 1

 1
 1

 1
 1 1

 1 1
 1 

1
 �

 1 l
 1 I 1

 l
 11

 l 1 I
 1 1

 1 
1 F

 4 
F 5

 
ab

il
it

ie
s,

 p
hy

si
ca

ll
y

 h
an

di
ca

pp
ed

 
1 

1 1
 1 1

 1
 1

 1
 1 1

 1 1
 1 1

 1 1
 1

 1
 1 1

 1 1
 1 

1 1
 1 1

 1 1
 1

 1
 1 1

 1 
1 1

 1 
1 

t 1
 11

-N
 1 r

-1
 r

 l 
r 1

 1 1
 1 

1 F
5 

r 
o 

po
;s

'o
 o q

ic
al

 st
at

e 
1 

1 1
 1 1

 1 1
 1 

1
 1 1

 1 '
 1 1

 1
 1 1

 1
 1

 !
 1 1

 1 1
 1

 1
 1

 1
 1

 1
 1

 1
 1 

l 1
 1

 1
 1 

1 1
 !T

N
 1 1

 1.-
-.-1 1

 ' 1
 1

 77
 

r/d
lw

ol
, d

ru
qs

 
1 

11
11

1 1
1

1
1

1
1 1

1
1

 1
!

1
i

11
1

1
!1

 1
1

1
1

1
1

1
1

1
1

1
1

1
1

l
1 1

1
1

N
1

 1
1

11
11

1
 1 

F7
 

F
 �

 s
oc

 13
 l 

as
pe

ct
s 

1 1
 1 1

 1 1
 1 

1 1
 l 1

 f '
 1 1

 1 1
 1

 1
 1

 1
 1 

1 
1 1

 1 1
 1 1

 1
 1

 1
 1 

1 
1 

1 
1 

1 
1 

1 
1

 J 1
 1 N

 1
 1

 1
 1 

1 
1 

1 
1 f

 8 

�
�

�
--

-t o�
 

.. _
 
�-'

. 
t g I

' 11f rx
fU1

 g1 U
JI M

 �i
f Ll tfx

i ! � i 
1111 

rHJ
4 111 l�l 

I ii 
� 

: : �:
:::�:·::;,;„. �"

"'
 „

 "
"'

'"
 

tr�
llll m

 rn 111
 mm

 1 1111t
m 111

 rn m
 n1 

K
e

y
-

w
o

r
d

 
m

a
t

r
i

x
 

f
o

r
 

p
a

s
s

e
n

g
e

r
 

ca
r

s
 

(P
)

 
F

i
g

.
 

4 



A 1
 

A
 2 F fr

ea
ue

nc
v 

ac
c.

 
fr

ea
ue

nc
 v 

dC
C.

 o
ar

ti
ci

oa
ti

on
 

A 
3 .

·n
um

be
r 

or
 a

ve
ra

ae
 

A
 

-l
 

kt
nd

 o
f 

tr
af

fi
c 

oa
rt

ic
io

at
io

n 
A 

� 
v

ea
r 

of
 d

at
a 

ac
ou

is
it

io
n 

A 
6 

co
un

tr
v 

ar
ea

 
ol

ac
e 

i nv
es

 t.
 t

ea
m 

A
 
7 

me
th

od
 o

f 
da

ta
 a

ca
ui

si
ti

on
 

8 1
 a

cc
id

en
t 

lo
ca

ti
on

 (
ur

ba
n 

ru
ra

 1'
 

8 2
 tv

oe
 o

f 
ro

ad
 

B 
3 

ro
ad

 c
on

st
ru

ct
io

n 
c

h
a

ra
ct

e
ri

s
ti

c
s

 
6 "

 e
nv

 1 r
on

me
n t

a l
 r

oa
d 

co
nd

i t
 i a

ns
 

6 
5 

tr
a f

fi
 c 

co
nt

ro
 l 

tr
af

fi
c

 s
ia

ns
 

B 
6 

tr
af

fi
c 

co
nd

i t
io

ns
 

dr
1 v

i no
 ou

t o
ut

 
6 

7 
we

at
he

r 
an

d 
vi

si
bi

li
tv

 c
on

di
ti

on
s 

8 8
 t

ime
 o

f 
co

ll
is

io
ns

, 
oe

ri
od

s 
c 1 

tv
oe

 o
f 

co
ll

is
io

n 
( 

c 
ca

us
e 

of
 a

cc
id

en
t 

c 
3 

co
ll

. 
co

nf
ia

ur
at

io
n 

ob
 ie

ct
s 

co
nt

ac
te

d 
c 4

 
da

ma
ae

 c
on

fi
au

ra
ti

on
 

tv
oe

 o
f 

da
ma

ae
 

C
' 

d1
rec

t1
on

 o
f

 c
ol

li
s10

n 
c 6

 
so

ee
d 

c
 7

 l
en

gt
h 

of
 t

hr
o ..

. 
D 

, 
rc

a>.
e

 
mo

de
l 

D 
2 

v
ea

r,
 a

ae
 

D
 3

 t
ec

hn
ic

al
 d

es
cr

io
ti

on
 o

f 
ve

hi
cl

e 
D 

.: 
ve

hi
cl

e 
co

nd
it

io
n 

be
fo

re
 a

cc
id

en
t 

u 
' 

ve
ni

cl
e 

ea
ui

om
en

t 
ac

ce
ss

or
v 

D 6
 o

as
si

ve
 s

af
e

tv
 d

ev
ic

es
 

0 
7 

ac
ti

ve
 s

af
et

v 
de

vi
ce

s 
0 8

 u
se

 o
f 

se
at

 b
el

ts
 

u 
„ 

in
t t

ue
nc

e 
of

 o
as

se
nn

er
 c

om
na

rt
me

nt
 r

on
d.

 
D 1

0 
po

si
ti

on
 a

nd
 n

um
be

r 
of

 o
as

se
no

er
s 

o 
11

 �
od

y 
st

yl
e 

E 1
 

lo
ca

ti
on

 o
f 

da
rna

oe
 

E 
2 

cl
os

s1
f1

cd
ti

on
 o

f 
ve

hi
cl

e 
da

ma
oe

 
E 

3 
md

te
ri

al
 d

am
aa

e 
re

oa
ir

 c
os

ts
 

E 4
 i

ni
ur

v 
ca

us
in

o 
ve

hi
cl

e 
o

a
rt

s
 

E 
5 

ef
fe

ct
iv

en
es

s 
of

 s
af

et
y 

de
vi

ce
s 

F 
1 

da
te

 o
f 

bi
rt

h 
ao

e 
F 

2 
s t

a t
J

re
 

s 1
 ze

 
r 

3 
we

1a
nt 

F 
4 

se
x 

F 
5 

ab
il

it
ie

s,
 o

hv
si

ca
ll

v 
ha

nd
ic

ao
oe

d 
r 

b 
oh

·1 s
10

10
01

ca
1 

st
at

e 
F 

7 
al

co
lio

l,
 d

ru
as

 
F 

� 
so

ci
al

 a
sp

ec
ts

 
G 1

 i
ob

rv
 f

re
au

en
cv

 o
f 

t
h

e
 w

ho
le

 b
od

v 
(., 

� 
in

ju
r v

 f
re

au
en

cv
 o

f 
bo

dv
 o

ar
ts

 
G

 3 
1n

Ju
ry

 s
e

v
e

ri
t

v
 

of
 t

h
e

 w
ho

le
 b

od
v 

G 
" 

1ni
urv

 se
ve

ri
tv

 o
f 

bo
dv

 o
ar

ts
 

G
 5

 c
a„

se
s 

fo
r 

fa
ta

l 
in

iu
ri

es
 

r. 
f> 

,..e
sc

ue
 S

Pr
vl

rP
 

G 7
 

,;o
nd

. 
du

e 
t

o
 

in
iu

rv
 

oe
ri

od
 o

f 
co

nv
al

es
. 

G 
� 

re
co

ve
ry

 c
os

ts
 

-N
 .....

... "
"

"' ..
... -

<
< 

I<
<

 ""
""' ""

 a>
 

'-
... 

10
 3 

11 
1 

2 
... ""

 ... 
... 

2 "'" '-

)(
 

X
 

)(
 :g ll' 

)('
 

1 1 

NM
 ��

'�t
 � :

:=::
r: :�

1::: 
""

"' lc
ceo!

=>=>
 

; 
1 

3 4
 7 

1 16
 

2 
1 1

 
' 

1 3
 

111
 

4 
1 

1 1 
3 

1 
21 1 

„ ... ... 
1 

... 
1 

·" 
11 

'
 

l 
i 

" 
1 1

 ' 
!'- "" �

 
' 

!II; 1
 3

 1 
1 ,.,.

. " 
' 

tX '
 

1 
1 

1 
1 ' 1 ' 

)(
 

X
 

1 
)(

 

1 
)(

 

X X 
IS1J 

't'
 

1 
1 

1 
i 

t · 
1 

-
1 :-...M

�l
..n "'"'

lcci"'
 o .._

_ 
-

F'-
'"'

i"'"
�

 -
·=-

... ,,.
...., � 

!"' ..z.
.•, 

.c 
-

N
M

 tw 
.,.. "'

 
0

1 :::;,o
joo

 fe:::>
C jo

Ö6
 L-'

-.J
W

W
 

"-..
... -

·-
·�!'-

1.-
• t.... 

''"
"' <!)

 
1 

1 
1 

1 
5/

 
1 

--Hlt-
' 1 

2 5
 

1 
1 1

 
lU 

5 
2 

. H-
1 

1 
1 

1 
5 

1 
' 

1 
1 

1 
' 

2 1 
16

 1 
' 

1 
2 

i 
1 

1 
1 

' 1
 1 

1 
' 

1 
1 

1 
; 

! 1. 1 
1 

1 
1 

1 
' 1 

1 
1 

1 
1 

' 
2 

3 
,, 

' 
1 

1 
1 2

 1 
1 

1 
1 

1· 

1 
1 

3 
1 9

 ] 
2 

2 
1 

' 
1 

! 
� 

' 
1 

, 
1 

1 
1 

1 
1 

1 
1 

" 
1 

1 ' 
'

 "III 
1 

"III 
1 

1 
1'1

11 
1 

! 
,

 
1 

... 
' 

1 
1'1

11 
1 

1 
3 3

 3
 

�
 

1 1
 

1 
'III ... 

1 
1 

... 
1 

1 
2 3

 8 
1 

1 
' ,

, 
i 1

 
2 '

 7 
5 2

 
"III '

 '
 

1 
"

 '
 '

 'III 
X 

" 
1 

)( 
"-

2 1
 

1 
)t' 

X 
'

 
)t' 

'III ... 
i 1

 
, 

1 
1 

1 
1 

: 
' 

K
e

y
-

w
o

r
d

 
m

a
t

r
i

x
 

f
o

r
 

p
e

d
e

s
t

r
i

a
n

s
 

(F
) 

F
i

g
. 

5
 

..
.. .,, 

>. 
1 

A 2
 

A 
3 

1 
A 4

 
AS

 
A 6

 
" 

7 1 2 3 4 5 � 7 8 8 r 
' 

r '
 

r 1
 

r '
 

r c
 

r "- c 
7 

n 
• 

n '
 

n 1
 

n A
 

n 
< 

n "- n 1
 

n A
 

n a
 

non
 

n1
1 

r 
' 

r '
 

r 1
 

r '
 

E 
S r: 1

 
F '

 
F l

 
F 4

 
F �

 
. "- F 

7 
F 8

 
r.'

 
r. '

 
r. 1

 
t: 

A 
r. �

 
G 6

 
r. 

, 
'

 r,
 A 



;::, 

z 
A 

1 
fr

eQ
ue

nc
v 

Ä-
-2 

ac
c.

 f
re

qu
en

cv
. 

ac
c.

 o
ar

ti
ci

oa
ti

on
 

A
 J

 n
um

be
r 

or
 a

ve
ra

Qe
 

A �
 • 

ki
nd

 o
f 

tr
af

fi
c 

oa
rt

ic
io

at
io

n 
A

 5 
ye

ar
 o

f 
da

ta
-a

ci:i u
l s

it
io

n 
A

 6
 c

ou
nt

rv
. 

ar
ea

. 
ol

ac
e,

 i
nv

es
t.

 t
ea

m 
A

 7 
me

th
od

 o
f 

da
ta

 a
cq

ui
si

ti
on

 
8 1

 
ac

ci
de

nt
 l

oc
at

io
n 

/u
rb

an
. 

ru
ra

l l
 

]
 2

 type
 o

f 
ro

ad
 

BJ
 r

oa
d 

co
ns

tr
uc

ti
on

 c
ha

ra
ct

er
is

ti
cs

 
T4

 e
nv

fr
on

meritaT
 ro

ad
 c

on
di

 ti
on

s
 

8 
5 

tr
af

fi
c 

co
nt

ro
l.

 t
ra

ff
ic

 s
iQ

Oi
 

B
 6 

frarf
fc c

on
di

t
io

ns
. 

dr
iv

in
q 

ou
to

ut
 

lrT
 we

at
he

r 
an

d 
vi

si
bi

li
tv

 c
on

di
ti

on
s 

8
 8

 t
ime

 o
f 

co
ll

ls
io

ns
,-

pe
ri

od
s 

C 
1 

type
 o

f 
eo

 11
1 s

 i o
n 

TT
 ca

us
e 

of
 a

cc
id

en
t 

C 
3 

co
ll

. 
co

nf
iQ

ur
at

io
n.

 o
bi

ec
ts

 c
on

ta
ct

ed
 

C.1
 d

am
a g

e 
co

nf
iq

ur
at

io
n,

 type
 o

f 
da

ma
qe

 
�

fre
ct

ion
 o

f c
o l

 l
isi

on
 

C 6
 

s o
ee

d 
C 7

 l
en

gt
h 

of
 t

hr
ow

 
O 

1 m
a k

e .
 m

od
e 1 

0 
2 

ve
ar

, 
aq

e 
D 

3 
te

cn
ni

ca
l 

de
sc

ri
ot

fon
 of

 v
eh

ic
le

 
o-·.r

 -ven
icle

 c
on

di
ti

on
 b

efo
re

 a
cc

id
en

t 
D

 5
 v

etii
C

l e 
eQ

u i
 ome

n t
, 

ac
ce

ss
or

v 
QOP

as
s1

ve
 s

af
et

v 
de

vi
ce

s 
0 

7 
ac

t1
ve

 s
af

et
y 

de
vi

ce
s 

08
 us

e 
of

 se
at

 b
e l

 ts
 

D
 9

 i
nf

lue
nc

e 
of

 oa
ss

en
qe

r 
co

mp
ar

tme
nt

 c
on

d.
 

D-f0-
-po

s1
ti

on
 a

nd
 n

um
be

r 
of

 p
as

se
nq

er
s 

D
 Tl

 bo
dy

 s
ty

l
e 

:�tl:
��tl

:1���
1:: 1::: ��

l=l::�
c��1

: -� �
��

�1-
0�

�=
 

ob
b F

p�
=�

oo
� 

"'
 

1 1 4
1 5

11
1 

1 j 
r r

 :1
 1 ,

 1 
' 

!lilJ
 11

01 3
11 1

11
1212

 
11

3 14
1 

12
1 

1 1 
1 1

 1 
2TT

T1 1l
 

11
 

� 
1 13Tl

 T T
 --,-,-

--,--� -,-
-c--

j 
T

 
' 1

 
1 

1 
' 

2 
1 r

 1 1
 J 1

 
""' �

 1 J
 2 

Tl'l
 1 

41 
1 1

 
""- f?

I 2 
3 

2 1
 1 

i 1 
1 '

 1 
""" 

2 I 
1 

"' 
1 1

2 
!l

li.. ""' /li; llli.. !I
ITTTTT[

 
� "' "'

 " �
 �

lt 1'li.: �
 �

 "' � � "'
 

'f 
� 1"lli 1"111 f"'lll "' 1"111 

)t 
"' 

-
1 '' T'! " i.n

 -
' 'T ' 

„
 ·"!'°

--''° 
-

N
 ..... „

 Wo fo t:
 "" 

�! -'
w,

u.1 i.
... i....

-L.
... 1 i....�

�l
1i.... 

.....
. ..

.... tu
� 

"" 
1 

1 
1 

2 1
 ' 

1 
2 

5 
A 1

 
1 

5 
1 1 

1 
1 

A 
Z 

1 
T

 
1 

5 
A 3

 
1 1 

1 
1 

2 
1 

4 
1 

b 
1 

A 4
 

1 
1 i

 1 
! 

1 
A �

 
21 

1 
1 1

 1 
1 

2 
1 

2 
A 6

 
1 1 

,1
 

A 1
 

1 i 1
 11

11
 1 

1 
1 

B 
1 ..6.

 
111 

_.1.
 

1 8
 

- il
 

..r.
...z. 

' 1 
..

.u 
11 

ll 
..

.LI. 
1

 
_u.

 
..LJ.

 
..u

 
.JL1

 
�

 
r 

JL1
 

1 
.JU.

 
.Jl.

..5. 
j 

.JL6.
 

l 
JU

 
1 

�
 

1 
..

.D..-i 
.Jl1l

l. 
11

11
1 

.Jl.1.
 

E 
1 

lo
ca

t i
on

 o
f 

da
ma

qe
 

f'-
..L.1.

 
.LJ.

 
.LJ,.

 
-H

 
-

E 2
 c

la
ss

1f
ic

at
io

n 
of

 v
eh

iC
le

 d
am

aq
e 

E
 3 

ma
te

ri
al

 d
am

aq
e,

 r
eo

ai
r 

co
st

s 
E 4

 i
n_i

u r
v

 c
au

si
nQ

 v
eh

ic
le

 p
ar

ts
 

rT
er

re c
ti

ve
ne

ss
 o

f 
sa

fe
ty

 
de

vi
ce

s 

l"'lii �
 "' "' 

1121
 11 

.J.
 

.l.
 

..
.l 

4 :I
 

.1.
 

u.
 

Ll.
 

" 
da

te
 o

f 
bi

rt
h,

 a
qe

 
st

at
ur

e,
 s

iz
e 

IX 
F 

1 
n

 
TJ

 
�

 
TI

 
n

 
Tl

 
Te

 
-

we
i Q

ht
 

se
x 

ab
1l

it
ie

s,
 p

hy
si

ca
ll

y 
ha

nd
ic

ao
oe

d 

""
 "' "' 

"' 
ph

ys
io

lo
qi

ca
l 

st
at

e 

1 1
11

31
212

 

f"'lll 
a 1

co
no

1,
 d

ru
Qs

 
so

cid
l a

sp
ec

ts
 

"' ""
" 

�
 

_u
 

..
..LI 

..LI.
 

..
.u 

..
.u. 

..
..G.J. 

N
 r.R

 

G 
1 

rr
 

T'J
 

T".!'
 

T"5'
 

Gb
 

TI
 

m
 in

.1u
rv

 f
re

qu
en

cy
 o

f 
th

e 
wh

ol
e 

bo
dv

 
1n

Ju
rv

 f
re

qu
en

cy
 o

f 
bo

dv
 o

ar
ts

 

ca
us

es
 f

or
 f

at
al

 i
niu

ri
es

 
!)(

 
in

ju
ry

 s
ev

er
it

v 
of

 t
he

 w
ho

le
 b

od
v 

XI 
1 1

 1 1
 1 1

 "
 

y
 

X 
N

il � 
re

sc
ue

 s
�r

vi
ce

 
1 

1"" 
in

1u
n

 s
ev

er
i t

v 
of

 b
od

v 
Pa

rt
s 

co
nd

. 
du

e 
to

 i
n 1

ur
v. 

oe
ri

od
 o

f 
co

nv
a l

es
. 

1 
re

co
ve

r1
 c

os
ts

 

IXIXI
 1 1

 1 1
 1 1

 1 
1 1

 �
 , ... 

K
e

y
-w

o
r

d
 rn

a
t

r
i

x
 

f
o

r
 

t
w

o
-

w
h

e
e

l
e

r
s

 
(Z

) 
F

i
g

.
 

6 



1 L
 

A
 

1 
fr

eQ
ue

nc
 v 

A 2
 a

cc
. 

fr
eQ

ue
nc

y
, a

cc
. p

ar
ti

ci
Pa

ti
on

 
Ä

 3 
nu

mb
er

 o
r 

av
e

ra
Q

e 
A 

J 
"�

in
d 

of
 t

ra
ff

ic
 p

ar
ti

ci
pa

ti
on

 
A

S 
y

ea
r 

or
 d

at
a 

ac
Q u

is
it

lo
n 

AT
 cou

nt
.-

v. 
ar:ea:-

pl
ac

e.
 l

nv
es

t.
 t

ea
m 

A 
7 

ne
th

od
 o

f 
da

ta
 a

cQ
ui

si
ti

on
 

B 
1 

ac
ci

de
nt

 l
oc

at
io

n 
(u

rb
an

, 
ru

ra
l l

 
S 

' 
ty

pe
 

of
 r

oa
d 

s .i
-i

·oa
d 

co
ns

tr
uc

ti
on

 c
haracter

is
ti

cs
 

S
 !

 e
nv

ir
on

me
nt

al
 r

oa
d 

co
nd

it
io

n s
 

B $
 t

ra
ff

ic
 c

on
tr

ol
,

 t
ra

ff
ic s

iq
ns 

S
 6 

tr
af

fi
c 

co
nd

it
io

ns
, 

dr
iv

inQ
 o

utp
ut

 
B

 T
 w

e a
f

he
1· 

an
d 

vis
ibi

lity
 co

nd
it

io
ns

 
STtTm

e 
of

 c
ol

li
si

on
s,

 p
er

io
ds

 
c 

1 
type

 of
 c

ol
 l i

si
on

 
L

 2
 c

au
se

 o
f

 a
cc

id
en

t 
L3

 cv
l 1

. c
o n

fi
qu

ra
ti

on
. 

ob
1e

ct
s 

co
nt

ac
te

d 
\,,.::

 d
a"

1ag
e 

co
nf

ig
ur

at
io

n�
 type

 of
 d

am
aq

e 
c 

� 
d

1r
e

ct
1o

n 
of

 c
ol

lis
1o

n 
c 6

 
sp

ee
d 

lc
oc;

tn
 o

f 
th

ro
.-1 

O 
1 

'"a
'e

· 
mo

de
l 

C 
• 

ye
a.

- . 
a g

e 
�

ie
:r

. n
ic

al
 d

es
cr

ip
ti

on
 o

f 
ve

hi
cl

e 
0

 � 
ver.

ic
le

 c
on

di
ti

on
 b

ef
or

e 
a

cc
id

e
nt

 
rn

 ve
ni

cl
e 

eQ
ui

p
me

nt
. 

ac
ce

ss
or

v
 

� c
 p

as
si

 ;e
 s

af
et

v
 d

ev
ic

es
 

D T
 -a

c t
 iv

e 
sa

fet:Y
 de

vi
 ce

s 
M 

a
 u

se
 af

 se
at

 b
el

ts
 

D
 ' 

in
f

lu
en

ce
 o

f 
pa

ss
en

qe
r 

co
mp

ar
tm

en
t 

co
nd

. 
C 

IJ 
p

os
it

io
n 

an
d 

nu
mb

er
 o

f 
pa

ss
en

qe
rs

 
D

 11
 bo

d, 
StYJe

 
lo

ca
:1

o
n 

o
f 

da
ma

qe
 

� L 
• n

 cl
as

s1
fi

ca
ti

on
 o

f 
ve

hi
cl

e 
da

ma
q

e 
"1a

tc
i-l

al
 d

a m
aq

e ,
 r

ep
a1

r 
co

st
s 

TI
 

G
 1n

ju
ry

 ca
l.lsln

q - v
e h

ic
le P

ar
ts

 
ef

fe
ct

iv
en

es
s

 o
f 

sa
fe

ty
 d

ev
ic

es
 

;: 
-

da
te

 o
f 

bi
rt

h.
 aq

e 
r-;

 
r 

• 
st

dt
 ... ,.

.e
. 

si
ze

 

:tt::l:
l::t�

 :1:;;�
t1::1

:::�t
 

�
 

i 
11 

T :
 

'-! 
181

3111
 

1 f2f
 TTif5

 
� 

�
 1 12

 
�

 
\. �

 � 1 11
 1 i

 
! 1 1
3 1 1

 
f 1 

II
I.. 

1 
.._, 

T 1'I
 X

 
,,

 
1 
" 1 1 

= !� i=t
t�c 

21
t. 1

s:
 11

 1 1
 

1 i3 41 
1 1

 1 
n

 J3
 

1 1
2 

�
 

.::>l<=>
io 

1 1
 1 i

 

'1
 1 1

 1 1
 12

 
�

 11
1 1

 11
1 

1'.J
 "" 1\, "

 1'.l
 1'

 !'-

'J'>l"'l·
�1"°"

''o'­
b o

 o 
ol

ol
öl;

 

1 
1 1

 
i 1

 
1 

=c
i:=·=

� 
1 1 

1 
1 

i ' 
1 

2 
2 

11
1 

-
�

�
�

�
�-

.z
 

��
�

-�
�L

� 

3t= 
:�

-h
 

1 
1 1

 1 
q=f

' 
�

I I 
1 

' ·h
 

1 
! 

1 
�

 1' 
1 

1 
"' 

1 
1 

"' r"ll 
1 

1 
i 

N
 1 

1 1
 II

 1 
i 

1 
' N

i 1 
II

 1 
: 

' 
1 

� 
1 

"' "' "
 �

 

:Gl
:t:�

�Gt
 A 

1 
-.i:z

 
21

 13 
CT

 
15 

n
 

21
11

 
il

 
2 n

2
 

li
 

A 
7 

1 1 
12 

-H
 

-H- BT
 

85
 

li
 

11
1 

.1.
..L 

e 
e 

1 / 
/1 

-'-1
 

L.Z.
 

J 
Ll

 
..

.u.. 
.L5.

 
..

.Li. 
..Ll

 
jLJ_

 
Jl.

.2. 
Jl.

...3.. 
j)J

 
JL5.

 
JL6.

. 
..D.

..l. 
..

.D...A 
Jl.

.3. 
JUO.

. 
.w.

 
.L

L 
L.Z.

. 
Ll

 
..LI.

 
.Ll

 
21

 1
2 

L.1
 

Ll.
 

Ll.
. 

F 
4 

D.
 

r 
• : 

"e
l �

Ot
 

1 
j j

 j 1
 j 1

 1 
j j

 1 ;
 j j

 j 1
 j j

 j 1
 1 1

 1 
1 1

 1 j
 1 j

 j 1
 1 1

 1 
1 1

 1 1
 1 

1 1�1
 1 j

 i 1
 1 j

 1 1
 1 1

 1 1
 � 1

 1 
Se

> 
;: 5

 
n

 
ri

 
T

 
(, :

 
[;"

 j 

ao
1l

it
ie

s,
 p

h ;
si

ca
ll

y-
ha

nd
ic

ap
pe

d 
ph

;s
1o

lo
qi

ca
l 

st
at

e 
a l

 con
o l

, d
ruq

s 
�:>

c
1a

l 
as

pe
ct

; 
1n

i
,r1

 f
re

q
"e

ncy
 o

f 
th

e 
wh

ol
e 

bo
dy

 
inJ

u.-1
 fr

eQ
ue

nc
1

 o
f 

bo
dv

 p
ar

ts
 

1 1
 ! 1

 
1 

1n
Ju

ry
 se

ver
it1

 of
 t

he
 w

ho
le

 b
od

y
 

1 
1 1 1

 ,
 1 

1 1 
1 1 

1 1
 

LJ.
 

.Li.
 

u
 

.Ll.
 

Ji.
.l. 

..
.G..-1. 

�
 

' 
J 

_
_

 1n
 o

•· 
se

ve
ri

t 
of

 b
od

. 
art

s 
1± 1.

.l__i_l ++f
� U

T+
+- I 

1 1
 1 

1 1
 1 1

 1 1
 1 1

 1 1
 1 1

 
eo

 .s
e'

 fo
r f

dt
dl

 1
n1

un
es

 
_L

 1
 r1

·T 
fTI

 
..Li.

 
..G.

...! 
_Li_

 
G;

 
-

- ,
 

, 
' 

7,
 

··e
>�

uc
 s

e
.-

11
ce

 
·-

-----i 1
 1 /

 ; 1
 1 1

 T
f - I

T 
1 

il
 

+-+-+-+-
+-1-+-'---.l___L_L L !

 l 
I 

! I
 ' <

 1 1
 1 

1 <
 <

 
! 1

 f 1
 1 1

 1 1
 1 1

 "'
 1 -

-
• 

r. R
 

-
• 

"�
-

d;
e 

:o
 1

n 
ur

 
eri

od
 o

f 
co

nv
al

es
. 

+ .L.
.J

.' 'f+
Lh+t

tt 
.-e

c0
.e

r;
 c

?>
:>

 
�

 11
 l _

 1 
J 

! 
'kt

 G Z
 

'
 "" 

K
e

y
-w

o
r

d
 

rn
a

t
ri

x
 

f
o

r
 t

ru
ck

s
 

(L
)

 
F

i
g

.
 

7 



% 

8 0  

6 0  

4 0  

20  

l:: 1 298 res ults 

60% 

c a rs · pedest r i a n s  two-wheelers 

Di stribution of the results arnong 

the groups of traf f ic participants 

t rucks 

Fig. 8 

/({ 



- V-

AI
S 

IS
L 

A
v

e
r

a
g

e
 

i
n

ju
r

y
 

d
e

g
r

e
e

 
o

f
 c

a
r

-
p

a
s

s
e

n
g

e
r

s
 

t 
d

e
p

e
n

d
i

n
g

 
o

n
 

t
h

e
 

im
p

a
c

t
 

s
p

e
e

d
 

9 8 1 
!' 6 7 

--
--Ma

cka
y 

V
 

Ta
rr

ii
re 

sr 
Mac

kay
 

4 
5 

lan
gw

ied
er

 
3 

!4 2 ,
, 10 

20 
30 

40 
50 

60 

�/
 

L 
.

.
 

{�12
0 1

60 
200

 
70 

80 
90 1

00 
140

 1
80 

v [�
] 

X 
(GB

 1
/

2
) 

M
a

c
k

a
y

 
7

3
, 

10
 

c
a

s
e

s
, 

fr
o

n
t

a
l 

im
p

a
c

t
s

 
o

n
l

y
, 

V
 

=
 

E
T

S
, 

A
I

S
-

s
c

a
l

e
 

u
s

e
d

 

()
 

(F
 

1/
3

 
) 

T
a

r
r

i
e

r
e

 
7

3
, 

87
 

c
a

s
e

s
, 

f
r

o
n

t
a

l
 

i
m

p
a

c
t

s
 

o
n

l
y

, 
V

 
=

 
V

, 
I

S
L

-
s

c
a

le
 

u
s

e
d

 
(I

S
L

 =
 

i
n

d
i

c
e

 
de

 
s

e
v

e
r

i
t

e
 

d
e

s
 

l
e

s
i

o
n

s
)

, 
o

n
l

y
 

IS
L

>
J

; 
t

h
e

 
p

o
i

n
t

s
 

a
r

e
 

t
h

e
 

a
v

e
r

a
g

e
 

i
n

 
s

p
e

e
d

 
c

la
s

s
e

s
 

r
a

n
g

in
g

 
fr

o
m

 
5

-
1

5
, 

1
6

-
2

5
, 

. 
. 

. 
i

n
 k

m
/

h
. 

O 
(D

 
2

/
5

 
) 

L
a

n
g

w
i

e
d

e
r

 
7

3
, 

2
2

3
1 

c
a

s
e

s
, 

f
r

o
n

t
a

l
 

im
p

a
c

t
s

 
o

n
l

y
, 

6
9

0
 

n
o

n
-

i
n

ju
r

e
d

 
n

o
t

 
i

n
c

l
u

d
e

d
, 

V
=

 RC
S 

(r
e

l
a

t
i

v
e

 
c

o
l

l
i

s
i

o
n

 
s

p
e

e
d

) 
; 

t
h

e
 

p
o

i
n

t
s

 
a

r
e

 
t

h
e

 
a

v
e

r
a

g
e

 
i

n
 

s
p

e
e

d
 

c
l

a
s

s
e

s
 

r
a

n
g

i
n

g
 

fr
o

m
 

0
-

2
0

, 
2

0
-

4
0

, 
.

.
.

 i
n

 
k

m
/

h
. 

T
h

e
 

A
I

S
-

v
a

l
u

e
s

 
a

r
e

 
a

v
e

r
a

ge
s

. 

!:
::;. (

GB
 1

/
5

) 
M

a
c

k
a

y
 

6
7

, 
4

2
5

 
c

a
s

e
s

 
o

f
 a

l
l

 t
y

p
e

s
 

o
f

 
a

c
c

i
­

d
e

n
t

s
 

w
i

t
h

 
c

a
r

-
p

a
s

s
e

n
g

e
r

s
 

o
n

l
y

, 
A

I
S

-
s

c
a

l
e

 
u

s
e

d
, 

V 
=

 e
s

t
i

m
a

t
e

d
 m

e
a

n
 

r
e

l
a

t
i

v
e

 
im

p
a

c
t

 
s

p
e

e
d

. 

E
x

p
l

. 
1

 

F
r

e
q

u
e

n
c

y
 

o
f 

i
n

ju
r

i
e

s
 

o
f 

b
e

lt
e

d
 

a
n

d
 

u
n

b
e

lt
e

d
 

d
r

i
v

e
r

s
 

b
e

l
t

e
d

 d
r

i
v

e
r

 
u

n
b

e
lt

e
d

 
d

r
i

v
e

r
 

s
a

a
b

 
V

o
lv

o
 

S
a

a
b

 
V

o
lv

o
 

1
5

 --
-

4
1 

3
6

 
4

5
 

2
4

--
-2

0
 

�
 

�
 

16
-

-
-

1
1

 

3
9

--
-2

4
 

2
1 

1
9

 

2
2

 --
-1

5
 __

_
_

__
 „ 

--
---27

--
-2

5
 

v
a

l
u

e
s

 
i

n
 

\ 

(S
 

2
/

1
) 

S
a

a
b

 
7

3
, 

2
2

2
 

i
n

ju
r

e
d

 
S

a
a

b
 

c
a

r
 

o
c

c
u

p
a

n
t

s
 

in
 

15
8 

a
c

c
i

d
e

n
t

s
 

w
i

t
h

 
a

t
 

l
e

a
s

t
 

7
0

0
0

 s
w

e
d

i
s

h
 

k
r

o
n

s
 

m
a

t
e

r
i

a
l

 

d
a

m
a

g
e

 

(S
 

1
/

1
) 

V
o

lv
o

 
7

3
, 

3
6

6
 

i
n

ju
r

e
d

 
V

o
lv

o
 

c
a

r
 

o
c

c
u

p
a

n
t

s
 

i
n

 

9
9

6
 

a
c

c
i

d
e

n
t

s
 

E
x

p
l

. 
2 

E
x

a
m

p
l

e
s

 
f

o
r

 
t

h
e

 
d

i
f

f
i

c
u

l
t

i
e

s
 

t
o

 
c

o
m

p
a

r
e

 

d
a

t
a

 
a

c
q

u
i

s
i

t
i

o
n

 
r

e
s

u
l

t
s

 
F

i
g

. 
9

 



number of 
results 

300 

200 

100 

1 00 

A B 

A B 

c 

c 

cars 
I:= 1 552 

D 
trucks 

I: = 246 

D 

E 

E 

D i s t ribution of the re s u l t s  among 

the key-word groups 

F G 

F G 

Fig . 1 0  



% 20
 

15
 l 

11. 
p 

11.
 

2:
: 7

76
= 1

00
% 

n
 

10
 

10 
8 

l
t 

. n „
 

n 
1 

1 
6 

5 
..

.1-,n
 

n
n

 1 
�I

 1
 c::

:u::
::::i .Jh1

 D
 1 

10061
 IDI

 16
1 

ll
l 

1 
1�

 1�
 

�
A

 
�

B
 

�
c

 
�

o
 

�
E

 
�

F
 

�
G

 
B

-
B

 
B

-
C

 
B

-
0

 
8

-
E

 
s

-r
 

e
-

G
 

c
-

c
 

G
O

 
G

E
 

G
F

 
G

G
 

�
o

 
�

E
 

�
r

 
�

G
 

G
E 

G
F 

G
G

 
�

r
 

�
G 

�
G 

%
. 

n 
20 

20
 ; � 1 1 1n1

 I , , 
, 

L 
2:

: 12
3=

 10
0%

 
5 

2 
2 

1 
n 

' 
D

 
' 

D
 

o
D

o
 

D
 

D
r=1

 
D

 
D

 
�

I 
�

B
 

�
C

 
�

C
 

�
E

 
�

F
 

�
G

 
8

-
9

 
3

-
(

 
�-

0 
:-

r 
:-

F 
:-

� 
:

-
c

 
c

-
o

 
C

-
E

 
c

-
r

 
C

-
G

 
�

o
 

0
-

E
 

�
r

 
0

-
G

 
E

-
E

 
E

-
F

 
E

·
G

 
F

-
F

 
F

-
G

 
G

-
G

 

%
+ 

.. 
20

 
15

 l 
z 

2:
: 16

3=
 10

0%
 

10
 5 

4 
s 

2 
J 

2 
J

5
 

=
�

 
0.

6 
�

A
 

�
B

 
�

(
 

�
o

 
�

E
 

�
r

 
�

G
 

B
·

B
 

B
-

C
 

9
-

0
 

S
·

E
 

5-
F 

B
·G

 
C

-
C

 
C

-
0

 
C

·
E

 
C

-F
 

C
-

G
 

0
-

E
 

�
G

 
G

E 
G

F 
G

G
 

�
r

 
�

G
 

�
G 

% 20
 

15

1 
::, 

F 
2:

: 2
36

= 1
00

% 

,n 
12

 
11

 

_
l 
nn 

10
 

n 
a 

s 
r

 
5 

u
 

DI
 1r-ig1

 II
 1

 
JM

 
�

A
 

�
B

 
�

c
 

�
o

 
�

E
 

�
r

 
�

G
 

B
-8

 
B

·
C

 
B

-
0

 
S

·E
 

8
-

F
 

S
·

G
 

C
-

C
 

C
-

0
 

C
·

E
 

C
-

F
 

C
-

G
 

0
-

E
 

�
G

 
G

E
 

�
r

 
�

G
 

�
f

 
�

G
 

�
G 

D
i

s
t

r
i

b
u

t
i

o
n

 
o

f
 

k
e

y
-

w
o

r
d

 
g

r
o

u
p

 
c

o
m

b
i

n
a

t
i

o
n

s
 

F
i

g
. 

11
 

J 



u
m

b
er

 o
f 

tr
a

ff
ic

 
e

su
lts

 

µui�i-un
ts 

ca
rs

 

p
e

d
e

st
ri

a
n

s 

tw
o-

w
he

el
er

s 

tr
u

c
k

s
 

ca
rs

 

pe
de

st
ri

a
n

s 

tw
o-

w
he

el
er

s 

tr
u

ck
s

 

a
ll 

tr
a

ff
ic

 
- Q)

 p
a

rt
ic

ip
a

n
ts

 

n
u

m
be

r 
o

f 
a

cc
i d

e
n

t 
pa

ra
m

et
er

s 

1 
2 

3 
4 

5 
6

 
7 

8
 

13
3

 
28

1 
17

2
 

8
5

 
19

 
1 

1 
1 

7
1 

8
6

 
74

 
3

4
 

7 
5 

0
 

0
 

39
 

39
 

2
3

 
6

 
2 

0
 

1 
0

 

19
 

13
 

11
 

3 
1 

0
 

0
 

0
 

si
n

g
le

 
T 

m
u

lt
ip

le
 

mul
ti(!

!e e
ara

met
tic

 
p

a
ra

m
e

tr
ic

 r
es

ul
ts

 
sing

le 
paro

met
tic

 

N
 

"lo
 

N
 

%
 

re
s

u
lt

s
 

13
3

 
19

 
5

6
0

 
8

1 
4,

2 

7
1 

2
6

 
2

0
6

 
74

 
2

,9
 

39
 

3
5

 
7

1 
6

5
 

1 ,
8

 

19
 

4
0

 
2

8
 

6
0

· 
1 J

5 

2
6

2
 

2
3

 
8

6
5

 
7

7
 

3
,3

 

"4 50
 

4
5

 

4
0

 

35
 

30
J 

2
5

 -1 

2
0

 

15
 

10
 

5 

l t 
ll-

---1 
1 

\ 
\.,_. 

tw
o-

w
he

el
er

s 

/ 
• 

1 
1 

r t 
1 

· '-.
. �' 

L-
-pe

de
s

tr
ia

n
s

 

2 
3 

4 
5 

6 
7 

8 
nu

m
be

r 
c:J 

cic
cident

 pa
ra

m
et

er
s 

D
i

s
t

r
i

b
u

t
i

o
n

 
a

n
d

 
r

a
t

i
o

 
o

f
 

s
i

n
g

l
e

 

a
n

d
 

m
u

l
t

i
p

l
e

 
p

a
r

a
m

e
t

r
i

c
 

r
e

s
u

l
t

s
 

F
i

g
. 

1
2

 


