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I N F L U E N C E  O F  I MPACT S P E E D  A N D  V E H I C L E  PARAME T E R  ON 
I NJ U R I E S OF C H I L D R E N  A N D  A D U L T S  I N  P E DE S T R I AN AC C I DENT S 

H .  A p pe l ,  P ro f . D r . - I ng .  
G .  S t ü r t z ,  D i p l . - I ng .  

L .  Go t ze n ,  D r . me d . 

) I n s t i t u t e  o f  A u t omot i ve E ng i -
) n e e r i n g ,  T e ch n i s c h e  U n i v e r s i t ä t  

B e  r 1 i n  
Acc i d e n t  S u rg e r y ,  Med i c a l  U n l ­
v e r s  i t y  H a n nove r 

1 .  T h e  I mpo r t a n c e  o f  P e d e s t r i a n Acc i d e n t s  w i t h l n  
A u tomot i v e Acc i d e n t s  ge ne r a l ly 

T h e  wo r k  d o n e  s o  f a r i n  t h e  f i e l d o f  a c t i ve s a f e t y  o f  
mo to r c a r s  h a s  c o n t r i but e d  a l ot t o  t h e  r e d u c t i on o f  t ra f f i c  
v i c t i ms wo r l d- w i d e  o b s e r v e d . C o n s i d e r i ng t h e  d om i n a n t  s h a r e  o f  
h u ma n  f a i  l u r e  w i t h i n  t h e  r e a s o n s  o f  a c c i d e n t s  a t  l e a s t  t h e  s ame 
amoun t of wo r k  w i l 1 be n e e d e d  i n  t h e  f u t u r e  i n  t h e  f i e l d  o f  
p a s s i ve s a fe t y  ( c r a s hw o r t h i n e s s ,  o c c u p a n t  a n d  p e d e s t r l a n p ro t e c t ­
i o n )  t o  r e d u c e  t r a f f i c  v i c t i ms f u r t h e rmo r e . A b e ne f i t  o f  s a fe t y  
c a u s e d  b y  a n o t h e r s t r uc t u r e  o f  t h e  a u t omo t i ve t ra f f i c  c a n  not b e  
e x p e c t e d  i n  t h e  n e a r f ut u re . 

U p  t o  now, s t ron g e s t  e f f o r t s  i n  t h e  f i e l d  o f  p a s s i v e 
s a f e t y  we r e  d i r e c t e d  to t h e  p r o b l em o f  o c c u p a n t  p ro t e c t i on .  T h l s  
i s  u nd e r s t a nd a b l e  o n  b e h a l f  o f  mos t  t r a f f i c  v i ct i ms b e l n g occu­
p an t s ,  fo l l ow e d  b y  p e d e s t r i an s ,  c y c l i s t s  and mo t o r cy c l l s t s  ( s e e  
f i g .  1 ) .  F u rt h e rmo r e ,  s a f e t y  me a s u r emen t s  f o r  o c c u p a n t  p ro t e c t ­
i on w e r e  - u nt i l  now - f e a s i b l y  w i t h h i g h e r  b e ne f i t / cos t - f a c t o r s  
t h a n  meas u re me n t s  i n  t h e  a r e a  o f  p e d e s t r i an p ro t ec t i on .  T h l s  
s i t ua t i on w i  1 1  c h a n g e  when t h e  mos t e f fe c t i ve me a s u r eme n t  o f  t h e  
o c c u p a n t  p ro t e c t i on , t h e  s a f e t y  b e l t ,  w i  1 1  b e  i n t r o d u c e d  a n d  
w i l 1 b e  w o r n  up t o  some 8 0 % .  I n  c o n n e c t i on w i t h a h i gh e r  c r a s h ­
w o rt h i ne s s  o f  t h e  c a r  s t r u c t u r e ,  w i t h e n e r g y  a b s o rb i ng s t ee r i ng 
co l umn s ,  w i t h re i n f o r c e d  d o o r  l oc k s  a n d  s e a t s , w i t h h e a d  re s t s ,  
and s o  fo r t h  a r e d uc t i on o f  o c c u p an t s  d e a t h s  o f  mo r e  t ha n  6 0 %  c a n  
b e  e x p e c t e d  comp a r e d  t o  t h e  t i me b e f o re comp u l s o r y  b e l t  w ea r i ng .  

Con s e q ue n t l y , t h e  e f f o r t s  i n  a u t omo t i v e s a f e t y  a r e  to be 
d i r e c t e d  to t h e  p e d e s t r i a n s  a n d  c y c l  i s t s . T h e i r  t o l l  o f  d e a t h s  
i s , fo r e x amp l e , i n  G e rm a n y  w l t h 4 6 %  o n l y  a l i t t l e  l e s s  t h a n  t h e  
t o l  1 o f  d e a t h s  f o r  occup a n t s  ( s e e  f i g .  2 ) .  F r om a h l g h e r  po l nt o f  
v i ew t h i s  p ro b l em i s  i nc l ud e d  i n  t h e  s h i f t i n g o f  t h e  e f f o r t s  f rom 
s e l f  p ro t e c t i on to p a r t ne r p ro t e c t i on ( p ro t e c t i on o f  t h e  w e a k e r  
p a rtn e r  1 lke sma l 1 ca r s ,  p e d e s t r l a n s , c y c l  i s t s ) . T h e  i de a  o f  
compa t i b i  1 i t y a n d  n o n ag g re s s i v i t y h a s  t o  be e x t e n d e d  t o  a l l p a rt l ­
c i p a n t s  i n  t r a f f i c  ( 1 , 2 ) ( s e e  f i g .  2 ) .  

S ub j e c t  o f  t h e p re s e n t e d  p a p e r i s  t o  m a k e  s t a t e me n t s  on 
t h e  t y p e ,  f r e q u e n c y  and s e ve r i t y of p e d e s t r i a n ' s i n j u r i es a n d  
t h e l r  c o r re l a t i o n t o  t he i mp a c t  ve l oc i t y a n d  c a r- s pec i f i c  q ua l i ­
t i e s .  
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T h e  r e s u l t s s ho u l d  b e  p re s e n t e d ,  s o  t h a t  l a t e r  on t h e y  may con­
t r i b u t e  t o  bene f i t / co s t - a n a l y s e s  i n  t h e  a r e a  of p e d e s t r i an p ra­
t e c t i a n .  

2 .  E x i s t i n g r e s u l t s 

Comp a r e d  t a  i n v e s t i g a t i a ns an i n j u r y  p a t t e rn s  o f  a c c u­
p a n t s  v e r y  few r e s u l t s  on i n j u r y p a t t e r n s  a f  p e d e s t r i a n s  a re 
av a i l ab l e .  T h e y  a re b a s e d  on f a u r  i n v e s t i g a t i an m e t h ad s : 
a .  E v a l ua t i o n o f  r e c o r d s  ma d e  b y  t h e  pa l i c e ,  p o s s i b l y  cam­

p l e t e d  by q u e s t i on i ng ( 2  t o  1 1 ]  
b .  R e t r a s p e c t i ve i n ve s t i g a t i an s ,  e s p e c i a l l y  af f a t a l  a c c i ­

d e n t s  [ 1 1  t o  1 4 ) 
c .  Acc i d e n t  i n v e s t i g a t i on s  on s c e n e  [ 1 5  t o  1 8 ] 
d . E x p e r i me n t s w i t h c a  d a  v e r s [ 1 9 l . 

I n  con t e x t  w i t h t h i s  p a p e r  t he f o l l ow i ng r es u l t s  s e e m  t a  
b e  l mp o r t a n t : 
1 .  T h e  h i g h e s t  r i s k f o r  f a t a l  i t y h ave t h e  g roups a g e d  5 ,  1 5  

a n d  7 5  [ 4,  1 1 ,  1 5 ) . 
2 .  T h e  f re q ue n c y  o f  a c c i d e n t s  l s p a r t i c u l a r l y h i g h a t  8 ,  1 2 , 

1 7  and 2 5  o „ c l oc k  ( 4 , 1 2 ) .  
3 .  T h e  r i s k  f o r  f a t a l  i nj u r i e s of p e d e s t r i a n s  i s  fou r t l me s  

o f  t h a t  o f  o c c u p a n t s . 
4 .  R u n n i ng ove r o c c u rs on l y  w i t h 1 0 % [ 3 ] o r  2 %  ( 1 1 ]  p ro b a b i -

1 i t y . 
5 .  A c c o r d i n g t o  P a t r i c k  a n d  e x pe r i me n t s  made b y  t h e  J a p a n e s e  

t h e  i mp a c t  o f  t h e  h e a d  t a  t h e  p a v e m e n t  i s  mo r e  s e v e re 
t h a n  t h e  i mp a c t  t o  a c a r  [ 5 ]  I n  o p po s i t e ,  o u r  d ummy 
t e s t s  [ 2 0 ]  a n d  a c c i d e n t  i n v e s t i g a t i an s  [ 1 5 , 1 7 1 by t h e  
T e c h n i ca l  U n i ve r s i t y B e r l i n  s how mo r e  s ev e r e  i n j u r i e s 
ove ra l l and r e l a t e d  t o  t h e  h e a d  c a u s e d  b y  p r i ma ry i mp a c t  
t h a n  by s e c o n d a ry i mp act . 

6 . F a  t a 1 i n j u r  i e s  a r e p o s s i b 1 y b e g i n n i n g w i t h a n  l mp a c t 
s p e e d  a f  on l y  3 . 3  m/ s .  I n  t h e  ave r a g e ,  t h e  i mp a c t  s p e e d  
f o r  a c c i d e n t s  w i t h i n j u r i e s i s  1 1  m / s  f o r  a d u l t s  [ 1 2 ]  a n d  
7 . 8  [ 1 2 ) ,  8 . 9  ( 1 )  o r  9 . 2  m / s  [ 1 5 , 1 7 ]  fa r c h i l d re n . 

7 .  F ro n t e n d s  w i t h p ro j ec t i ons a n d  a dd i t i on a l  p a rt s h av e  no 
s i g n i f i c a n t  i n f l u e n c e  on t h e  s eve r i t y of i n j u r i e s ,  a p a r t  
f rom t h e  s i d e m i  r ro r  [ 6 ,  7 ,  1 1 ] .  

8 .  D i f fe r e n t  f ro n t  e n d  t y p e s  l i ke p o n t oon w i t h h i g h ban n e t  
e d g e ,  p o n taon w i t h l ow b a n n e t  e d g e  o r  s l oo p i n g h aad 
( V - t y p e )  do not p ro d u c e  a s i g n i f i ca n t l y  d i f f e r e n t  s e ve r i ­
t y  o f  i n j u r i e s [ 6  t o  8 ] . I n  o p p o s i t e ,  a c c a rd i ng t o  [ 1 5 ] ,  
i n  ave r a g e  t h e r e  a re mo re s e v e r e  i n j u r i e s w i t h t h e  pon­
taon t y pe t h a n  w i t h the V- t y p e . 

9 .  A d i r e c t  compa r i s a n  a f  d i f f e r e n t c a r  mad e l s  s h aws a h i g h e r  
r i s k  f o r  f a t a l  i n j u r i e s fo r t h e  C ad i l l a c t h a n  fo r t h e  VW­
B e e t l e , t h e  r a t i o  af i n j u re d  t o  e i l l e d p e d e s t r i a n s  i s  
0 . 0 4 6  a n d  0 . 0 3 8  r e s p e c t i ve l y [ 5 ] . I n  a p p a s i t e ,  H a l J  [ 6 , 7 ]  
found o u t  a h i g h e r  r i s k  fo r d e a t h  w i t h t h e  VW ( Be e t l e ? )  
t h a n  w i t h a n y  ot h e r  me d i um s i ze d  c a r  ( 0 . 0 8 5  a g a i n s t  0 . 0 5 3 )  
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Mo s t l y  p e d e s t r i a n s  a r e  s u f f e r i ng f rom 2 . 5  i n j u r l e s 
p e r  acc i d e n t  [ 6 , 7 ] . 
S ome 1 2 % o f  i n J u r e d p e d es t r i a n s  h a v e  con t ac t  w l t h t h e  
w i n d s c r e en [ 1 2 ] . 
A l on g  h o o d  re a uce s t h e  i n j u r i es of t h e  h e a d  [ 1 1 ) . 
T h e  b o d y  p a r t s  w i t h t h e  h i g h e s t  r i s k  ( f r e q u e n cy x s e v e ­
r i t y )  a r e  t h e  h e a d ,  l ow e r  e x t rem i t i e s ,  t h o r a x  a n d  p e l v i c  
[ 1 5 ,  1 6 ) . 
S ma l 1 c a r s  a re not s o  o f t e n  i n vo l v e d  I n  p e d e s t r i an a c c i ­
d e n t s  t h a n  l a r g e  ca r s  [ 9 ] .  

3 .  M e t h o d  a n d  ma t e r i a l  o f  t h e  i n v e s t i g a t i on 

W i t h i n  two y e a r s  i n  H a n n o v e r a n d  l at e l y  a l s o I n  B e r l  I n  
some 5 5 0  a c c i d e n t s  w e r e  i nv e s t i g a t e d  on s c e n e  by an l n t e rd l s c l ­
p l  i n a r y  t e am . �  T h i s  i n c l udes 1 5 0 p e d e s t r i a n  acc i d e n t s , 8 0  a cc l ­
d e n t s  i n vo l v i ng ch i l d re n  y o un g e r  t h a n  1 5  y e a r s  a n d  7 0  a c c l d e n t s  
i nvo l v i ng ad u l t s ove r 1 5  y e a r s . 

4 .  S t a t i s t i c a l  d a t a  

Acco rd i ng t o  t h e  f a c t  t h at o u r  i nv e s t l ga t i on t e ams d o  
n o t  wo r k  d u r i ng t h e  n i g h t  t h e  s h a re o f  ch i l d r e n  ( 5 5 % )  I n  o u r  
d a t a  poo l i s  h i g h e r  t h an i n  t h e  f e d e r a l s t a t l s t i c  ( 4 5 % )  o f  G e rma­
ny ( s e e  f i g .  3 ) . One can de duce f rom a comp a r l s o n  of f l g .  2 a n d  
f i g .  3 t h a t  t h e  r i s k fo r s u f f e r i ng f a t a l  i n j u r i e s f o r  t h e  e l de r l y  
a d u l t s C o v e r 6 5  y e a r s )  i s  a b o u t  e i g h t  t i me s  h i g h e r  t h a n  f o r  
ch i l d re n  ( un d e r 1 5  y e a r s ) . 

F i g .  4 s h ows t h e  re l a t e d  f r e q u e n c y  o f  p e de s t r i an a c c i ­
d e n t s  ve r s u s  t h e  c u rb mass o f  t h e  i nvo l v e d  p a s s e ng e r  c a r s . 
A l s o , t h e  r e l a t e d  e x po s u re of a l  1 c a rs i s  t o be s e e n . B y  d i v l ­
d i ng ,  we g e t  t h e  a c c i d e n t  f r e q u e n c y  re l a t e d  t o  e x po s u re v e r s u s  
c a r  m a s s  ( s e e  f i g .  5 ) .  W e  re a l  i z e t h at e x t reme l y  1 i g h t  ca rs 
(< 7 0 0  k g )  a n d  e x t r e me l y  h e a v y  c a rs ( > 1 4 0 0  k g )  a re r e l at i ve l y  
s e l dom i n vo l v e d  i n  p e d e s t r i an a c c i d e n t s  a n d  med i um s i ze d  c a rs 
( 7 0 0  - 1 4 0 0  k g )  r e l a t i ve l y  o f t e n . F i g .  6 d ea l s w i t h t h e  c o r r e ­
l at l on o f  I mp a c t  s p e e d s ,  e s t i ma t e d  a n d  de c l a re d  b y  t h e  d r l ve r s 
C v

d
) a n d  comp u t e d  a f t e rw a r d s  ( v  ) u n d e r cons i de ra t i on o f  t h e  

l oc k i ng t r a c e . A t  l ow a n d  m i ddTe s pe e d s  t h e  d r i ve rs g u e s s  -
i n t en t i on a l l y  o r  not - t he I mp a c t  s pe e d  t o o  l e s s . A r e g r es s i on 
a n a l y s i s  w l t h d i f f e r e n t  f u n c t l o n s  g a v e  t h e  b e s t  c o r r e l a t l o n  fo r 
t h i s  e x po n e n t i a l t y p e : 

w i t h v 1 = 3 . 5 6 9  m / s  
V 

2 
= 1 • 0 m/ S 

5 .  K l nemat i c  d a t a  of t h e  p e d e s t r i an acc i d e n t  

T h e  me an i mp a c t  s p e e d  ( ca l c u l a t e d )  i n  no n f a t a l  a n d  f at a l  
p e d e s t r i an acc l d e n t s  i s  9 . 4  m / s  ( 3 4 km/h ) ,  i n  fa t a l  a c c l d e n t s  

:c P ro g r ams s po n s o r e d  by ' ' B un d e s a n s t a l t  f ü r  S t r a ß e nwe s e n  " B A S T " 1 K l n  
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1 1  . 8  m/s ( 4 2 . 5  k m/ h )  [ 1 4 ] , s e e  f i g .  7 .  T h e  p e d e s t r i an s  a r e mos t l y  
i mp a c t e d  o n  t h e i r  s i d e and r e l a t e d  t o  t h e c a r  n e a r l y  un i f o rm 
o v e r t h e  w i d t h  w i t h on l y  s ome mo r e  f re q u e n t  I mp a c t s  o n  t h e  f e n d e r .  
T h e  p e d e s t r i a n s t r i ke s  t h e  c a r  i n  d i f f e re n t  r e g i o n s  d e p e n d a n t  on 
t h e  i mp a c t  ve l o c i t y ,  t h e  f ro n t  end d e s i g n o f  t h e c a r  and t h e  
h e i g h t  o f  t h e  p e d es t r i an ( s ee f i g .  9 a n d  1 0 ) .  W i t h i n c r e as i n g 
i mp a c t  s pe e d  and p a s s e ng e r  h e i g h t  a n d  a t e n d e n c y  f rom p o n t oo n  t o  
V-co n t o u r  mo r e  a r e a s  l oc a t e d  i n  t h e  b a c k  a r e co n t a c t e d . 

con t a c t  w i t h  p o n t oo n  co n t o u r  v- con t o u r  

f ro n t  1 7 % 
b an n e t  1 . pa r t  3 7 %  8 %  
b a n n e t 2 . p a r t  3 5 %  3 5 %  
w i n d s c re e n  1 0 % 3 8 %  
roof 1 % 1 9 % 

1 0 0 %  1 0 0 %  

T h e  t h row o f f  d i s t a n c e  i n  d r i v i ng d i r e c t i o n does n o t  
d e p e n d  o n  t h e  l a t e r a l  pos i t i on o f  t h e  I mp a c t  po i n t ,  s e e  f i g .  1 1 .  
T h e  t h row o f f  d i s t a n c e  i n c re a s e s  a s  t h e  s q u a r e  o f  t h e  I mp a c t  v e ­
l oc i t y i s  2 6 % w i d e r  fo r c h i l d re n  t h a n  f o r  a d u l t s a n d  f o r  c a r s  
w i t h pont oon con t o u r  2 9 %  w i de r  t h a n  fo r c a rs w i t h V- s h a p e ,  s e e  
f i g .  1 2 a n d  1 3 .  

F i g .  1 4  d e a l s  w i t h t h e  co r re l a t i on o f  t h e  l a t e r a l  t h row 
o f f  d i s t an c e  c o u n t i n g f rom t h e  i mp a c t  po i n t a n d  t h e  l a t e r a l  p o s i ­
t i on o f  t h e  I mp a c t  po i n t .  On b e h a l f  o f  t h e  l a t e r a l  ve l oc i t y o f  
t h e  wa l k i n g o r  r un n i n g p e d e s t r i a n a n d  t h e  s w e e p  o f  c a r  s h a p e  t h e  
l a t e ra l  t h row o f f  w i d e i s  z e r o w h e n  t h e  p e d e s t r i a n i s  i mp a c t e d  
1 5 %  b e fo r e  t h e  m i dd l e  of t h e  c a r .  

6 .  I n j u r y  s e ve r i t y by c a r  i mp a c t  a n d  road s u r f a c e  I mp a c t  
f o r  d i f fe r e n t  f ro n t  e n d  d e s i g ns 

T h e  e v a l u a t e d  d a t a ,  a l t ho ug h  n o t  a l wa y s  s t a t i s t i ca l  l y  
a s s u r e d ,  s how a n  i n c re a s e  o f  t h e  OA I S  f rom 1 t o  6 i n  a comp a r a­
t i ve l y  sma l 1 r a n g e  of I mp a c t  ve l oc i t y f rom 7 t o  1 3  m / s  ( 2 5  t o  4 7  
km/ h ) ,  s e e  f i g .  1 5 .  T h e r i s k f o r  s e ve r e  i n j u r i e s l s  h l g h e s t  fo r 
t h e e l d e r l y  a d u l t s ,  fo l l ow e d  by c h i l d re n  a n d  m i d d l e  a g e d  a d u l t s .  

T h e  s e c o n d a r y  co l 1 i s i o n p ro d uc e s  a t  a l l  I mp a c t  s p e e d s  
l e s s  s e v e r e  i n j u r i e s t h an t h e  p r i ma r y I mp a c t . I n  o t h e r  w o r d s , o n  
a f i x e d  A I S  t h e  s e co n d a r y  I mp a c t  c a u s e s  t h i s  i n j u ry l e ve l on l y  a t  
h i gh e r  i mp a c t  s p e e d s t h a n  t h e  p r i ma r y I m p ac t ,  s e e  f i g .  1 6 .  

A compa r i s o n  o f  d i f f e r e n t  f r o n t  e n d  d e s i g n s  s hows t h a t  
i n j u r i e s c a us e d  b y  t h e  p r i ma r y I mp a c t  a r e  mo r e  s e v e r e  w i th t he 
b o x  t y pe c o n t o u r  t h a n  w i t h pont oon- o r  V - c o n t o u r .  U p  t o  A I S  = 4 
a n d  v = 1 2  m / s  t h e  p o n t o o n  c a r  i s mo r e  d a n g e rous t h a n  t h e  V­
s h a p e d  c a r ,  a t  h l g h e r i mp a c t  s pe e d s  t h e  e n d a n g e r i ng a l t e r s ,  s e e  
f i g .  1 7 .  
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I n  t h e  s econd a ry i mp a c t  no d i f f e r e n c e  i n  e nd a ng e r l ng c a n  
b e  i d e n t i f i ed b y  t h e  f ro n t  e n d  d e s i g n s ,  s ee f i g .  1 8 .  F i g .  1 9  
s h ows a g a i n  i n  o t h e r  con s t e l  l a t i on t h e  l owe r i n j u r y  l e v e l o f  t he 
s e c o n d a r y  i mp act a n d  r e ve a l s  a h i g h e r  e n d a n g e r i ng o f  ch i l d re n  up 
to v = 1 0  m / s  a n d  of a d u l t s a b o v e  v = 1 0  m / s . 

O n  a v e r a g e ,  t h e r e  i s  no d i f f e r e n c e  i n  h e a d  i n j u r i es 
c a u s e d  b y  pon toon con t o u r s  a n d  V- cont o u rs , s e e  f i g .  2 0 .  

7 .  Acc i d e n t  f r e q u e n c y  a n d  i n j u r y  s e v e r i t y c a u s e d  by 
1 i g h t  and h e a v y  c a r s  

F rom f i g .  5 i t  i s  a l r e a d y  known t h a t  v e r y  1 i g h t  a nd v e r y  
h e a v y  c a r s  a re re l a t i v e l y  l e s s  i n vo l v e d  i n  p e d es t r i a n a c c i d e n t s  
comp a re d  t o  m e d i um s i z e d  c a rs . F i g .  2 1  s h ows t h e  s u r p r i s i ng a n d  
r e f l e c t i ve re s u l t  t h a t  a t  a l  1 i mp a c t  s pe e d s  h e a v y  c a r s  w i t h c u rb 
ma s s e s  > 1 0 0 0  kg c au s e  mo r e  s e v e re i n j u r i e s t h a n  1 i g h t  c a r s . 

8 .  I n j u r y  s e ve r i t y a n d  c a r  s i z e 

F rom r e c en t wo r k  i n  a c c i d e n t  r e s e a r c h  a n d  f rom d ummy 
t e s t s  i t  w a s  s u p p o s e d  t h a t  t h e  l en g t h  o f  t h e  b o n n e t r e d u c e s  t h e  
i n j u r i e s . F rom o u r  i n v e s t i g a t i on t h i s  p re s um p t i on c a n not b e  con­
f i  rmed fo r c a r s  w i t h pon toon c o n t o u r  n e i t h e r  f o r  t h e  OA I S  ( se e  
f i g .  2 2 )  no r f o r  t h e  h e a d - A I S  ( s e e  f i g .  2 3 ) .  Pos s i b l y , t h e  
d i f f e r e n c e s  w i l l  b e  w o r k ed o u t  i f  on l y  t h e  e x t r eme l e n g h s  w i l 1 b e  
compa r e d . T h e re i s  a l mo s t  n o  d i f f e r e n c e  i n  t h e  OA I S  f o r  V­
s h a p e d  c a r s  w i t h s ma l l a n d  l a rg e  con t o u r  l en g t h ,  s e e  f l g .  2 4 . 

9 .  I n j u r i e s c a u s ed by t y p l ca l  f ro n t  e n d  t y pe s  a n d  
e x t e r i o r p a r t s  o n  t h e  c a r  

T h e  f re q u e n c y  a n d  t h e  s e ve r i t y o f  i n j u r i e s f o r  c h l l d re n  
a n d  a d u l t s  f o r  v a r i ou s  b o d y  p a r t s  u n d e r  c o n s i d e r a t i on o f  p o n t o o n ,  
V - a n d  b ox - s h a pe d  c a r s  i s  s h own i n  f l g . 2 5  a n d  2 6 . E s p e c l a l l y  
f r e q u e n t  a re i n j u r i e s o f  t h e  h e ad ,  abdomen a n d  l e g s  fo r ch i l d r e n ,  
o f  h e ad a n d  l owe r l eg s  f o r  a d u l t s .  T h e  mos t  s e v e re i n j u r i e s fo r 
h e a d  a n d  l e g s  a re c a u s e d  b y  t h e  b o x  t y p e ,  f o r  a b domen b y  t h e  
p o n t oon c a r .  

D e f i n i ng t h e  p ro d u c t  o f  f re q u e n c y  a n d  s e v e r i t y a s  
a g g r e s s i v i t y ,  t h e  mos t a g g r e s s i ve c a r s  conce r n i ng s p ec i a l  body 
p a r t s  a re :  

a l l t y pe s  
b o x  t y pe 
pont oon a n d  b o x  t y p e  
a l l t y p e s  

- conce r n i ng t h e  h e a d  
- conce r n i ng t h e  t h o r a x  ( ad u l t s )  
- conce r n i ng t h e  abd omen ( ch l l d re n )  
- 1 owe r  1 e g s  

F o r  d e t e rm i n at i ng t h e  s eq ue nc e  o f  i n j u r y  p roduc i ng e x t e­
r i o r p a r t s ,  i n  f i g .  2 7  a n d  2 8  t h e  m e a n  s e v e r i t y ,  t h e  f re q ue n c y  
a n d  t h e  a g g r e s s i v i t y o f  t h e  e x t e r i o r pa r t s  l s  d emon s t r a t ed f o r  
p o n t o o n  a n d  V- c o n t ou r ,  d i f f e r e n t i a t i ng b e tw e e n  c h i l d re n  a n d  
a d u l t s .  
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T h e  ma s t  a g g r e s s i v e pa r t s  a re :  

p a n t a a n  c a n t a u r  v - c a n t a u r  

C h i l d r e n  b um p E: r  b ump e r  
b a n n e t  e d g e  b a n n e t  2 • p a r t  
b a n n e t  1 • p a r t  w i n d s c r e e n  

Ad u l t s b um p e r  b ump e r  
ban n e t  e d g e  raaf p an e l  
ban n e t  2 • p a rt bannet 2 .  p a r t 

C h i l d r e n  dan ' t  r e a c h  t h e  a r e a  b e h i n d t h e  ban n e t  a n  pan­
taan c a rs . The ma s t  s e v e re i n j u r i e s r e s u l t f ram c an t a c t  w i t h 
A- p i  l l a r ,  w i n d s c re e n  f r ame , raaf p a ne l ,  b a n n e t  e d g e  a n d  b a n n e t  
1 .  p a r t . 

C a n s i d e r i ng t h e  h i g h l y  nan l i ne a r  c h a r a c t e r a f  A I S  l t  
s e ems t a  b e  ma r e  r e a l i s t i c  t a  d e f i ne t h e  a g g r e s s l v i t y a s  p ra d u c t  
a f  f re q ue n c y  and s q u a r e  a f  A I S .  T h e  r e s u l t , s hawn i n  f i g .  2 9 ,  
r e v e a l s  a s  ma s t  a g g re s s i ve p a r t s : 

C h i l d r e n  

Ad u l t s 

p a n t aan c a n t a u r  

b a n n e t  e d g e  
b umpe r 
b a n n e t  1 .  p a r t  

b ump e r  
b a n n e t  e d g e  
w i nd s c re e n  f rame 

V - c an t a u r  

b a n n e t  2 .  pa r t  
bump e r  
w i n d s c r e e n  

b u mp e r  
raaf p an e l 
b a n n e t  2 .  p a r t  

l t  c a n  b e  s e e n  t h a t  w i t h h i g h e r  r a t i ng a f  t h e  A I S  t h e  
a g g r e s s i ve p a r t s  dan' t c h a n g e  d r a s t i ca l  l y ,  an l y  f a r  c h i l d r e n  t h e  
b a n n e t  p ra v e s  t a  b e  ma re a g g r e s s i v e t h a n  t h e  bumpe r .  

1 0 .  S umma r y  

I n  t h e  p a s t , t h e  me a s u r emen t s  af a u t amat l v e s a f e t y  w e r e  
s uc c e s s f u l l y d i r e c t e d  t a  t h e p ra b l em o f  s e l f - p ro t e c t i o n .  T a be 
c o n s i s t e n t l y , t h e  p ra b l em o f  p a r t ne r p ra t e c t i on h a s  t o b e  a c c e n ­
t u a t e d  i n  t h e  f u t u r e ,  e s p e c i a l i y t h e  p ro b l em o f  p e d e s t r i a n p ra ­
t e c t i on .  

A l t ho ug h  not a l l r e s u l t s  a r e s t a t i s t i c a l l y  a s s u r e d ,  b e ­
c a us e  o f  t h e  1 i m i t e d  d a t a ,  o u r  a c c i d e n t  i nv e s t l g a t l on s  s h ow t h e  
fo l l ow i n g t r e n d s : 
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1 .  V e r y  h e a v y  c a r s  a n d  - i n  o p po s i t e t o  a c c i d e n t s  w l t h i n­
j u r e d  o c c u p a n t s  - a l so v e r y  1 i g h t  c a r s  a re r e l a t i ve l y  
s e l dom i nvo l v e d  i n  p e d e s t r i a n a c c i d e n t s .  

2 .  U p  t o  s ome 4 0  km/ h d r  i v e r s  unde r e s t i ma t e  t h e  i mp a c t  s pe e d . 

3 .  T h e  me a n  i mp a c t  s p e e d  i n  f a t a l a n d  n o n f a t a l  p e d e s t r i a n 
a c c i d e n t s  i s  3 4  km/h . 

4 .  P e d e s t r i a n s  a r e  l mp a c t e d  a l mo s t  on l y  b y  t h e i r  s i d e .  

5 .  T h e  t h row o f f  d i s t an c e  o f  c h i l d r e n  i s  2 6 %  w i d e r  compa r e d  
t o  a d u l t s .  

6 .  T h e t h row o f f  d i s t an c e  f o r  p o n t o o n  s h a p e d  c a rs c om p a r e d  
t o  V- s h a p e d  c a r s  i s  2 9 %  w i d e r .  

7 .  I n  1 i g h t e r  a c c i d e n t s  c h i l d r e n  a r e mo r e  e n d a ng e r e d  t h an 
a d u l t s ,  i n  s e v e re a c c i d e n t s  t h e  e l de r l y  a d u l t  i s  mo r e  e n ­
d a ng e re d . 

8 .  T h e  s e co n d a r y  road s u r f a c e  i mp a c t  p ro d u c e s  a t  a l l i mp a c t  
s p e e d s  l e s s  s e v e r e  i n j u r i e s t h a n  t h e  p r i ma ry c a r  I mpa c t . 

9 .  U p  t o  4 3  km/h i mp a c t  s p e e d  t h e  p o n t o on s h a pe d  c a r s  p ro­
d uc e  more s e v e r e  i n j u r i e s comp a r e d  to V- s h a p e d  c a r s ,  
ove r 4 3  km/ h l e s s  s e v e r e  i n j u r i e s . 

1 0 .  T h e r e  i s  no d i f f e r e n c e  i n  t h e  i n j u r y  s e ve r i t y c a u s e d  b y  

t he s e co n d  co l 1 i s i o n b e tw e e n  pont oon a n d  V- s h a p e d  c a r s . 

1 1 .  H e a v y  c a r s  p ro d u c e  a t  a l l i mp act s p e e ds mo r e  s e v e r e  l n­
j u r i e s t h a n  1 i g h t  c a r s . 

1 2 .  T h e  s i z e o f  t h e  c a r  d o e s  n o t  i n f l u e n c e  t h e  i n j u r y  s e ve ­
r i t y .  

1 3 .  T h e  mos t  e n d a n g e r e d  b o d y  p a r t s  a r e :  
f o r  c h i l d re n  - h e a d ,  a b dome n ,  l e g s  
f o r  a d u l t s - h e a d ,  t h o r a x ,  p e l v i s  a n d  l owe r l eg s  

1 4 .  T h e  a g g r e s s i v i t y o f  e x t e r i o r c a r  p a r t s  cons i s t s  i n  i n j u r y  
f r e q ue n c y  a n d  i n j u r y  s e ve r i t y e s s e n t i a l  l y  a s  a p ro d u c t  o f  
bot h . 

1 5 .  T h e  d e s i g n o f  t h e  f ro n t  e n d  i n f l u e n c e s  d ra s t i ca l l y  t h e  
r a n k  o f  t h e  mo s t  a g g r e s s i ve e x t e r i o r c a r  pa r t . 

1 6 .  T h e  mos t  a g g r e s s i v e e x t e r i o r p a r t s  o f  t h e  c a r  a re :  
f o r  c h i l d re n  - t h e  b o n n e t ,  b ump e r  a n d  w i n d s c r e e n  
f o r  a d u l t s - t h e  b ump e r ,  bonn e t  a n d  w i n d s c r e e n  f r ame . 

F o r mo s t  o f  t h e  i n v e s t i g a t e d  p a rame t e r  a s  I mp a c t  s pe e d ,  
c a r  s h a p e ,  c a r  we i g h t , p e d e s t r i an s i ze a n d  a g e ,  t e n d e n c i e s co u l d  
be e v a l ua t e d . O t h e r  p a rame t e r ,  1 i ke s i z e o f  c a r ,  h a ve to b e  l n­
v e s t i g a t e d  i n  t h e  f u t u re w i t h re f i n e d  m e t h o d s  a n d  p o s s l b l y  d l ­
r e c t l y  c o u p l e d w i t h o t h e r p a r a me t e r  l i ke s t i f fn e s s  a n d  s h a p e . 
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collisions for different front contours Fig. 17 
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