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1 .  I ntroduction 

In  � , 2 i were questi ons l i ke frequency and sever i ty of i njur ies  for various 

body parts , (combi ned to "Trauma t i se Degree" )  a s  wel l  as i nj ury frequency and 

and sever i ty caused by exterior car parts ( combi ned to 11Aggress i v i ty11 or 

11 Endangeri ng Degree" ) d i scussed . Furthermore was the i nfl uence of car para ­

meters l i ke front shape ( Boxer , pontoon ,  V ) ,  front l ength and curbmass i n­

vesti gated . The fol l owi ng resu l ts or better tendenc i es were fou nd out :  

- The desi gn of the front-end i nfl uences drast i ca l l y  the ran k  of the most 

a ggress i ve exterior car part s .  

- pontoon- and V-shaped contours behave i n  the i r  overa l l endangering  d i fferently 

i n  d i fferent i mpact speed ranges 

- an i n fl uence of the front l ength to the severi ty of the suffered i njuries  

cou l d  not cl earl y be  seen 

heavy cars produce more severe i njuries than l i ght cars . Th i s  statement 

shou l d  to some extent be d i mi n i shed , consideri ng  that heavy cars reveal on 

avera ge a l ower i mpac t  speed than l i ght cars 3 . 

Th i s  paper dea l s  a l so wi th the quest i on of the corre l a ti o n  between car para­

meters and i njur ies  of pedestri ans  i n  rea l acc i dents . But the car parameters 

were choosen more systemat i ca l l y  and d i fferentl y .  Spec i a l  attention  was pa id  

to  the quest ion  of the opt i mal  bumper hi ght under consi deration  of  i nj uries 

caused by the bumper as wel l as u nder cons i derat ion of the overal l i nj ury 

sever i ty of the pedestr i a n .  

2 .  Parameters descr i b i n g  the Front-end Geometry 

Accordi ng  to Fi g .  1 f i ve parameters were c hoosen to descri be the front-

end geometry : 

hB bumper h i ght 

hF front h i ght 

1 F front 1 ength 
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l E recess of the f icti ve front edge 

rE rad i u s of the real front edge 

Two of these parameters ,  l E and rE , turned out to be connected . The i r  product 

enabl es one to d i st i ngui sh numer i ca l l y  the three evi dent contour types ( see 

Fi g .  2 ) :  

Tr.apez i um T 

Pontoon p 
Sl opi ng  s 

Therefore on ly  four i ndependent parameters rema i n  for descr i bi ng  the front 

end geometry. 

3 .  THE SAMPLE 

Wi t h i n  three years i n  Hannover a nd l ately a l so i n  Berl i n  some 850 acc i ­

dents were i nvesti gated at-the-scene by a n  i nterdi sc i pl i na ry team . *  For thi s 

purpose 1 8 1  pedestrian  acci dents wi th frontal vehi c l e  impact were anal ysed . 

The share of the c h i l dren i s  domi nant on beha l f of the i nvesti gati ons during  

the day . W ith in  the contour types the pontoon cars predomi nate ( see Fi g .  2 ) .  

The i mpact ve l ocity ,  the parameter with the strongest i nfl uence on i nj ury 

severi ty , was carefu l l y  recal cu l a ted and reconstructed i n  each ease . 

4 .  METHOD OF EVALUATfON 

The method of eva l uation can be demonstrated for examp l e  at F i g .  3 ,  

showi ng the correl ation between i njury severi ty and impact v e l oc i ty for 

di fferent parameters . The i njury sever i ty i s  c lass i f i ed us i ng the 1 975  fi nal 

add i t i on of the Abbreviated I njury Sca l e  (AI S ) . 

The process of averaging  i s  not done vertica l l y  ( mean A I S  versus v )  but 

hor i zontal ly (mean v versus AI S ) .  Thi s method has advantages because the 

spec i a l  sampl e s ize  i s  smal l and a vera ges are ca l cu l a ted i n  pri nc i pl e  from 

norma l l y di stri buted h i stograms . Di sadventageous i s  that curves forming  a pa i r  

on ly  can be c ompared i f  the speed di stri butions are equa l . Thi s cond i ti on i s  

control l ed by ca lcu lat ing  the mean impact speed vm for each spec ia l  sampl e .  

* Programs are sponsored by the BAST ( Bundesansta l t  für Straßenwesen ) ,  Köl n  
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Al l together i n  each f i gure for each spec i a l  samp l e  i s  dec l ared : 

n - number of eases ( excl uded are cases , bee i ng the on ly  one on a 
certa i n  A I S  l evel ) 

p % random probabi l i ty 

s m/s standard dev i at ion 

vm m/s mean i mpact s peed 
(exc l ud i ng one-case-poi nts ) 

A I Sm A IS  mean square va lue  
( i nc l u d i ng one-case-po i n t s )  

A I Sm/vm v-re l a ted mean i njury severi ty 

I n  the c ase of hav i n g  i n  the future a l a rge samp l e  s i ze  ava i l abl e the d i rect 

way of vert i ca l l y  a vera g i n g  seems to be favora b l e  even though the scal i ng of 

the A IS  mi ght be nonl i near and even though the hi stograms are not norma l l y  

d i stri buted . 

5 .  I N FLUENCE OF BUMPER H I GHT 

Just now the optimum hi ght of bumpers on pa ssenger cars i n  Europe i s  i n  

d i scuss ion .  With reference to the aspects 

- pedestri an  protec t i on 

- occupant protec t i o n  i n  car-to-car s i de i mpacts 

- occupant protect i o n  i n  truc k-to-car s i de i mpacts 

- l i ghts protection i n  l ow speed col l i si ons  

the ISO  Standard 2958 " Raad veh i c l es - Exteri or protection  for passenger cars"  

prescri bes a bumper h i ght of 445 mm . 

Expec i a l l y  with  regard to the domi nant a spects of pedestrian protect i on ( knee 

i mpac t )  and s i de i mpacts a l ower bumper hi ght i s  requested by severa l authors 

[ 4 J to [ 7 ] . 
I n  oppos ite for severe acci dents our recent resu l ts of dummy tests i nd i cate a 

h i gher ri sk of head i nj u ri es wi th l ower bumper h i g hts cau sed by shi fti ng  the 

head i mpact i nto the reg i on of the wi ndscreenframe [ 8 ] .  

From resu l ts of the a na l ys i s  of real acci dents Fi g .  3 to 8 deal wi th the 

questi on whether a hi g h  or l ow bumper i s  superi or .  Starti ng wi th the mean 

bumper hi ght as poi nt of separat ion ( 39 . 1 cm for trapezium and pontoon contours,  

34 . 2  cm for s l opi ng contours ) two groups of bumper h i ghts are formed . For the 

three contour types and the three a ge grou ps the i njur ies are d i fferenti atet 

i nto " bumper cau sed i njuries"  and "overal l i njuri e s " . 
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On pri nc i pl e one of two compet it ive curves reveal s better i f  i t  i s  s h i fted to 

hi g her i mpact speed s . But for exampl e i n  Fi g .  3 i t  can be seen that the 

connect i on of the mean val ues  - due to the sma l l  s i ze of each s pec i a l  samp l e  
- dont 3 i ve smooth curve s .  Furthermore one can observe a t  maximum a d i fference 

of 3 . 6  m/s i n  the mean i mpact s peed s of the compet i t i v e  sampl es . Thi s d i fference 

may be a systema tical  or random d i fference . 

Concentrati n g  to a hypotheti c , comprehen s i ve and ve l oc i ty norma l i zed mea sure 

of aggress i v i ty,  name l y  the cri terion  AI Sm/vm of the v-rel ated mean i nj ury 

severi ty ,  the ambi guou s curves can be judged by on ly  one fi gure . On the ba s i s 

of the v-rel ated mean i nj ury severi ty i n  Fi g .  9 and 1 0  the i nfl uence of a l ow 

bumper h i ght for d i fferent contour types a nd age groups i s  shown . The compa­

r i s i on comprehends on ly  three rough rati ng  grou ps : 
+ pos i t i ve i nfl uence 

0 no i nf l uence 

- nega t i ve i nfl uence . 

F i g .  9 revea l s  the u nexpected resu l t that the bumper hight ha s a l l together 

no i nfl uence  on the i nj u ry severi ty caused d i rec tly  by the bumpe r .  But a l ow 

bumper h i ght i s  of pos i ti ve i nfl uence i n  reference to the overa l l  i nj u ry 

severi ty ,  see Fi g .  1 0 .  These two resu l ts ,  to some extent confi rmed i n  our 

experimenta l tests [ s] ,  are i n  confl ict wi th the present i nterpretat i o n .  

6 .  I NFLUENCE O F  THE FRONT EDGE HIGHT 

F i g .  1 1  and 1 2  descri be i n  deta i l  i n  F i g .  1 3  i n  s ummary the i nf l uence 

of a l ow front hi ght . The res u l t s  bel ong on ly  to T and P contours and 

i njur ies  caused on ly  by the front edge . A l ow front hi ght i s  supposed to be 

l ower than the mean hi ght of 7 2 . 3  cm. Al l together nei ther a pos i t i ve nor a 

negat i ve i nf l uence can be s tated . 

7 .  I NFLUENCE OF THE FRONT LENGHT 

A front l ength shorter than the mean va lue  of 1 24 . 5  cm has for adu l ts a 

pos i t i ve i nf l uence on the i nj ur ies  ·cau sed by the bonnet , wi ndscreen frame and 

wi ndscreen as far as  T and P contours are concerned ( see Fi g .  1 4  and 1 5 ) . Thi s 

res ul t  contradi cts the res u l t s  of dummy tests and i s  i n  confl i ct a l so wi th 

i ntu i t i ve con s i derati ons  on t he mot i o n  sequence . Pos s i b ly  the confl i c t  wi l l  be 

cl eared up i f  the sti ffnes s  or the mas s  as parameters corre lated wi th  s i ze are 

36 



i ntroduced i n  the i nvest i ga t i o n s .  Furthermore o ne shou l d  cons i der that i njuries  

caused by the wi ndscreen i ts e l f  are fa i rl y  s l i ght [ 2 ]. 
8 .  INFLUENCE OF  THE CONTOUR TYPE 

Compa r i ng the three contour types on the ba s i s  of OAI S  there are a l l ­

together no l arge d i fferences .  For ch i l dren the S contour reveal s  a s  superi or 

( see F i g .  1 6  to 1 9 ) .  

9 .  CONSLUSIONS 

With reference to the overal l i nj u ry severi ty or to the i nj u r i e s  caused 

by part i c u l a r  car parts the i nfl uence of the four most s i gn i f i cant geometri cal 

car parameters were i nvesti gated i n  rea l  car-to-pedestrian  acci dent s .  

The two- o r  three-step var i a t i o n  o f  the four geometr i ca l  parameters 

bumper h i ght 

front h i ght 

front l ength 

contour type 

gave roughl y as resu l ts :  

- no i nfl uence of a l ow bumper hi ght wi th regard to i nj ur ies  cau sed by 

the bumper 
- a posi t i ve i nfl uence o f  a l ow bumper h i ght with  regard to the overa l l 

i njur ies  

- n o  i nfl uence of  a l ow front edge h i ght on the correspondi ng i nj uries 

- no o r  pos i t i ve i nfl uence of a short front l e ngth on the bonnet/windscreen 

cau sed i nj ur ies  

- o n  the average no i nfl uence of  the d i fferent contour types o n  the overal l 

i nj u ry severi ty 

Al l together no drast i ca l  i nfl uences of the geometrical  parameter s  cou l d  be 

observed . For thi s  severa l  reasons may be of  i mportance : 

a )  the sampl e  s i ze i s  to smal l · 

b )  only some of the various  parameters are i nves t i gated 

c )  the choosen parameters are cou p l ed wi th other parameters l i ke mass and 

sti ffness 

d )  the compared sampl e s  are or i g i nated from the rea l i ty .  Therefore the 
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d i fferences of the mean values are l ower tha n  they wou l d  be i n  
l a bora tory tests 

e )  there is i n  rea l i ty on the average no d i fference between the three 
contou r types w ith  reference to the overa l l i njury severi ty . 

W ith  reference to the l ast stetement that wou l d  mean t he search for the best 
contour type is usel e s s .  Each type has i ts own advantages and d i sadvanteges 
and the d i sadvanteges have to be softened by spec i al measures . 
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