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The a irn of this paper i s  f irst the deterrnination of the degree o f  
real endangering o f  pede strians caused b y  di fferent types o f  
vehicle front contours , respectively thei r  elernents ,  t o  give a l ine 
of order for the ernp l oyment of use value or ientated measures .  
The analysis  of real tra f f i c  acc idents-espe c i a l ly of in-depth 
s ingle case analyses- gives secondly the opportunity of the metho­
d i c a l ly inve s t igation of biornechan ical l ayout priorities for the 
s inglc vehicle e lemen ts under competing cons iderat ion of both ma in 
groups of the pede s t r ians . Calculating the aggre s s ivity of costs 
a s  consequence of inj uries of  vehicle element /body region-combina­
t ions , containing the distribut ion of acc idental and traf f i c  parti­
c ipant parameters ,  priority for the l ayout o f  vehicle el ernents i s  
g iven to the body reg ion , which i s  thereby most strong ly trauma­
t i sed . 
For a total evaluation of the aggre s s ivity a l l  relevant k inds of 
col l i s ion have to be cons idered , that is the frontal a s  we l l  as 
the relevant corner to s ide c o l l i s ion of motor cars . 

I NTRODUCTION 
An e s sential prerequisite for the ernployment of e f fective rneasure s 
of high use value for rnotor cars , with the airn of reduc ing the 
traurna of exterior road users , are findings of the traf f i c  acc ident 
research about tho influence of veh ic le- , traf f i c  partic ipant-
as we l l  as accident- pararneters on the suf fered traurna . When analy­
s ing real acc idents contrary to anthropornetric durnrny tests , the 
fol l owing corre l a t ions are e l irninalcd : 

- durnrny/hurnan body 
- vita l /postmortcm tis sue 

On the other hand such an ana l y s i s  is supplernented by the possibi­
l i  ty of 

- in-depth cons ideration of the pararne ter age 
- anal y s i s  of groups with representative age distribut ion 
- evaluation of the overall trauma of the body frorn rnedical 

point of view 

Analyses of real tra f f i c  acc idents with exterior road users rnade 
up t i l l  now show , that too rnuch stress i s  put on vehicle front 
c o l l i s ions , i . e .  corne r / side coll isions are neglected . The latter 
are of speci a l  irnportance when deterrnining rna inpoints of  inj ury 

* Thi s paper wa s worked out at the Techn . Univ . Be r l in , a s part of [ 1 )  
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models and thei r  spec i f i c  causes , as we l l  as determining rnain­
points of aggress ivity of the overa l l  vehicle exterior and its  
single e lements and the reasons herefor are the fol lowing 

- with pedestrian coll i sions 2 0 , 9 % of the primary impact points 
are located at the corne r / s ide area of pas senger cars ( 7 6 , 5% 
f rontal ) ,  see F i g .  1 .  

- with pede strian col l i sions 2 7 �  of the primary impact points are 
located at the corner/ side area of truck s ( 5 6 %  frontal ) ,  see 
F i g .  2 .  

with two-wheel riders about 3 8 %  o f  the pr imary impact points 
are located at the corne r / s ide area of pas senger cars ( about 
6 0 %  f ronta l )  [ 2). 

- the primary vehicle impact areas with exterior road users are 
di stributed a symmetrically at the vehi c le outs ide , for instance 
with pedestrian colli sions at the right thi rd part of the f ront 
of passenger cars ( 3 2 , 2 % ,  left 2 3 , 5 % )  respectiveley at the 
r ight s ide area ( 1 2 , 5% , left 8 , 4 % ) , see Fig . 1 and 2 .  

- some of the accident pararneter s ,  for instance the vehicle im­
pact speed show s ignif icant d i f ferent d i s t ribut ions in frontal 
col l i s ions compared with corne r /  side col l i s i ons , see also F ig . �  

- d i f ferent pede stri an kincrnatics in corne r / s i de col l i s ion s com­
pared with frontal oncs vary the type of accident loading to 
pedestrians, too . 

Con s idering the impottance of corner/s ide impacts , for instance 
with regard to the f requency of involvement, it has to be analysed 
whether this k ind of col l i s ion i s  a l so of medical relevance . I f  
t h i s  question i s  pos i t ively an swered, consequence thereoff is  that 
for a tota l val ua tion of the exterior safety of motor cars, only 
a common anal y s i s  of front to corner/s ide c o l l i s ion modes will 
g ive e f f i c ient points o f  appl ication for use value oriented 
measurements . 

ACCIDENTAL S ITUATION 

KIND OF COLL I S ION 
For a quant i tative optimisation of the vehicle exterior , which 

wi l l  be mostly i ndependent from todays aggre s s ivity of  exterior 
vehi c l e  elements, to a far reaching extent , the primary impa�t 
areas of pedes t r i ans at the vehi c le outs ide show by thei r  position 
and frequency those contact area s ,  to which spec ial interest has 
to be paid when trying to reduce the biomechan ical loading on ex­
terior road users . 
For the d i s tr ibutions shown in Fig . 1 and 2 2 9 2  cases inve s t iga­
ted by the Traf f i c  Acc ident Research Group Hanover, as wel l  as 8 0 0  
pol i ce reports o f  tra f f  i c  acc idents with high documentation qual i ­
t y  f rom the area o f  Hanover, were used . From these c a s e s  the pri­
mary impact point on rnotor cars as we ll as the wa lking direct ion 
of the pede strian at the t ime of col l i s i on could clearly be taken . 
When a s s igning primary impact areas at the f ront corner of the 
vehicle thi s  was done by considering the po s i t ion of the pe lvis 
impact area, i . e .  if the impact area was outs ide the vehicle front 
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and for instance only one leg was h i t  by the bumper , then th is  
case was a s s i gned to the veh icle s ide . 

I t  i s  clearly to be seen that veh icle corner/ s ide c o l l i s ions are 
underrepresented in the cases of the Traff ic Acc ident 

Research Group , a reason for th i s  i s  probably the l imited recon­
structabi l i ty of vehicle impact speeds with pr imary contact areas 
at the vehicle s ide . 

When viewing the overa ll  statistic the primary impact area at 
vehicle is  most often the veh i c l e  front : 7 6 . 5 % with passenger cars 
( 5 6 %  with truc k s )  fol lowed by the s ide ( 2 0 . 9 % with pas senger cars 
and 2 7 %  with t rucks ) and the rear of the vehi c l e  ( 2 , 6 %  with pass­
enger cars and 1 7 % with truck s ) . Addi tionally the impact direc­
tions to pede strians caused by pas senger cars are found in the la­
teral regions by 73 , 8 % ( 6 9 %  with trucks ) ,  in the front regions by 
1 7 , 7 % ( 2 0 %  with trucks ) ,  and in the dorsal one s  8 . 5 % ( 1 1 %  with 
truck s )  re lated to the whole body . The number of cases with 
primary irnpact areas of pede strians at the back s ide of truc k s  
-which i s  quite h igh with 1 7 %- a l so makes mea sures necessary i n  
the frarnework of a n  overall optimi zat ion , wh ich protect against 
this k ind of c o l l i s ion . 

COLLIS ION TYPE 
By inve stigation of the frequency of individual comb inations 

of primary impact areas at the vehicle exterior and impact direc­
tions of pede strians it is pos s ible to estab l i sh a line of order 
of collis ions type s according to their frequency rate . Thi s  is a 
prerequ i s ite e spec ia l ly for an eff  ic ient testing of the vehicle 
exterior -without conc idering any aggres s iv i ty rate- by us ing 
anthropometric dummies .  The syrnrnetrical primary impact areas were 
put together and converted into a wa lking direction of pede strians 
frorn the r ight , see Fig . 3 and 4 .  

The four most f requent col l i s ion type s are with : 

Front type contour 

passenger cars 
(V , P ,  T )  

f ront 
trucks ( K )  

f ront 

primary impact point 
vehicle/pede strian 

front , right third 9o ' c lock 
fron t , center third 9 lt 

fron t , right third 1 0  " 

fender , right s ide 1 2  II 

front , r ight third 9 " 

front , r ight third 1 0  II 

front , left third 9 II 

fender , right side 1 2  lt 

f requency 
rate 

1 9 .  9 % 
1 0 ,  8 % 

9 , 7  % 
8 , 5  % 

2 3 , 9  % 
8 , 5  % 
7 , 0  % 
7 , 0  % 

On the whol e  these four co l l i s ion types comprise only 4 8 , 9 %  
( pas senger cars ) or 4 6 , 4 % ( truck s )  of a l l  combinations found in 
real acc idents . But it is remarkab le , too , that the running of 
pedestrians into the s ide area of the f ront fender range s a lready 
in the fourth position . 
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VEHICLE IMPACT SPEED 
Con s i dering the posi tion of primary impact points at the veh i­

c le exterior , Fig . 5 shows a signif icant dif ference ( Behrens­
Fi scher-Tes t [ 3J ) between the i n j ury severity in vehicle front and 
corne r / s ide collis ions with median values of 9 . 5  m/s ( front col l i ­
s ion ) and 1 1 . 3 m/s , respec tively . In general 5 0 %  of a l l  veh i c le 
impact speeds are located under 9 . 9  m/s and 5 0 %  range with highe st 
occurence dent i s ity between 5 . 8  and 1 0 . 6  m/ s .  When dif ferent iating 
according to front contours ( see Figs . 1 0 ,  1 2 ,  1 3 )  medians in 
cases with f ront c o l l i s ions are found to 9 . 2  rn/s ( P / T ) , 9 , 6  m/s 
( V )  and 1 1 . 1  m/s ( K ) , whereby the latter shows s i gnif icantly 

higher i n j ury potential than the others . Thi s  shows a l so that the 
K-contour i s ,  al ready due to its col l i s ion speed , an aggre s s ive 
vehicle . 

Fig . 6 shows a corresponding d i str ibution of several relevant 
col l i s ion type s . With pas senger cars a s igni f icant d i f ference of 
the impact speeds in front c o l l i s ions can be detected between 
cases where the primary impact points are s i tuated in the center 
thi rd compared with cases where the impact points l i e  in the f i r s t  
third p a r t  of the f ront when pede strians run into the vehicle 
f ront . Thus the median value of v

KF 
for the center front is with 

8 . 6  m/s s ignificantly below the frontal corne r / s ide area with 
1 1 . 8 m / s . Furthe rmore the d i s tributions of V/P/T- and K-contours 
with impact points in the outer third part of the vehicle front 
are signif icantly d i f ferent , too , with medians of 1 1 , 8 m/s and 
1 2 , 5  rn / s . Herefrom for the relevant col l i s ion types with dif ferent 
front con tour type s the fol lowing test speeds can derive in a 
f irst approach (up to the scope of h ighest occurence dentis ity ) 

Front con tour primary impact po int test speed 
type vehi c l e / pede str ian ( vKF5 0 )  
V/P/T front , r ight third 9 or 1 1 , 8 to 

1 0  o ' c lock 1 2 , 3  m/ s .  
V/P/T f ront , center th ird 9 " 8 , 6  m/ s .  
V/P/T front fender , 

right sidc 1 2  I I  1 0 ' 2 m/ s .  
K front , right th i rd 9 II 1 2 ' 5 m/ s .  

Further relevant test speeds can be derived f rom characteristic 
values o f  the d i s tribution , which in tempory s teps could reduce 
the degree of agre s s ivity of vehicle exteriors in an increasing 
extent , for instance vKF50 ( step 1 )  (V/P/T-front collis ion 
9 . 3  m/ s ) , ( step 2 ) v

KF S O  i . e .  the upper l imit of a 50-%-range o f  
h ighest occurance den t s itiy (V/P/T-front co l l i s ion 1 0 , 8  m/ s ) , or 
v

KF 
+ sVKF50 , the upper point of inf lection of the frequency dis­

tribution 1 V/P/T-f ront col l i s ion 1 4 . 6  m/ s ) . 

INJURY MODEL 
An exarnination , whether the corne r / s ide impact i s  a l s o  of medical 
relevance , i s  genera lly rnade upon the bas i s  of an overa l l  inj ury 
model of pedestrians , i . e .  without di fferentiating according to 
contour forms , see Fig . 7 .  The endangering degrees ATD (Absolute 
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Traumatic Degree ) and RTD ( Relative Traumatic Degree , normali zed 
to vKFS O = 9 . 3  m/ s )  are calculated according to model ( 4 ) and 
we ignted by costs resulting f rom injuries a s  fol lows : 

n n 
1 ATD = ( f. .� 1 AIS ) [AI SI, RTD=ATD ( a +bv ) /L ( a+bv . )  or 

iR i - n i = 1  n l 
n 

V / � 1 [ AIS]  
n V .  

i = 1  n l 

or related to vehicle e lements taking directly into account the 
produced costs resulting from inj uries , as this i s  later than 
calcul ated as ACD (Abso lute Cost Degree ) or RCD ( Relative Cost 
Degree ) a s  fol lows : 

n ACD = f. L l E . 
1 l. = 
n 

M) X n 1 c .  [ D  , RCD=ACD ( a+bv ) / , - 1 n , L
1 n 1 =  

X L X V / . 
1 v1. [DM) n i =  

1 ( a +bv . ) 
x 

- l. 
n 

or 

f f requency of  injurie s ,  respec t .  of cause of  inj uries related 
to total number of cases 

a , b  

c 
n 

R 
E 
X 

l inear regre s s ion factors of  OAIS = f ( v )  ; v = vKF 
Cost a s  inj ury sequence of single AIS degrees 
number of  cases 
Index for body regions 
Index f or vehicle elements 

regres s ion exponent of OAI S = f ( C )  for d i f ferent age groups . 

The evaluation of  the trauma i s  here effected by the RTD , which , 
with the a im of  a real compar i s ion between the two opposed groups , 
e l iminates the inf luencc of d i f ferent mean veh i c l e  impact speeds , 
to a far reaching extent in con t rast to the a l s o  stated ATD . 

The body region most of  tcn traumati sed i s  the head region for both 
k inds of  c o l l i s ion s ,  a l so when cons idering the dif ferent age 
groups . The corne r / s ide col l i s ion l ies here with i t s  RTD only 
s lightly below the one of the front c o l l i sion . With respect to en­
dangered parts , the abdominal region ranks second with front 
col l i s ions of  children fol lowed by the femur ; however ,  with per­
sons aged 1 5  and on this is the thorax f o l lowed by shank s . 

With corne r / side col l i sions of  chi ldren the region mostly en­
dangered af ter the head is the neck - in one case a rupture of the 
la rynx - f o l l owed by inj uries to the neck spine column ; with person s 
aged 1 5  and on the se arc the shanks likewise fol lowed by the spine 
column . 

In general , howeve r ,  thc number of inj ured body regions - on the 
average 3 . 4  or 4 . 7 with front c o l l i sions compared with 2 . 7  to 3 . 5  
with corne r / s ide c o l l i s ions - shows , that the tendency for 
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multiple inj uries i s  higher with fron� col l i s ions . 

CAUSES OF INJURIES 
With the a im of an use/costs - or at least an use va lue 
oriented design o f  thP. vP.hic l e  P.xtP.rior , in order to be able to 
bring into a l ine of order the nece s s ity of measures to incre�se 
the external saf ety according to the i r  urgency and thus to saf e­
guard an e f f i c ient use of the means at our disposa l , a valuation 
of the causes of injuries according to the ir resulting inj ury 
costs i s  undertaken here . An evaluat ion of the aggres s ivity of in­
dividual g roups is therefore be ing done with the fol lowing aims 
in mind : 

Aggres s ivity of vehic le f ront contours in order to f ind out 
the speci f  ic characteristics of the di f ferent contours desig­
nating their aggre s s ivity , or to f ind out optima l front con­
tours , i . e .  the ir pos i tive character i s ti c s . 

Aggress ivity of veh i c le e l ements from veh i c l e s  c la s s i fied 
according to the i r  typical front contours in order to f ind a 
l ine o f  order of the i r  aggre s s ivity , re spectively to estab­
l i s h  a l i ne of order of expected maximum use va lue . 

Aggres sivity of vehi c le e lcrnent /body region combinations in 
order to derive layout priori t i c s  under consideration of the 
distribution of road traff ic partic ipant- and acc ident para­
meters for the veh i c l e  el ernents , espec i a l l y  those with the 
highest aggre s s ivity rate , with relation to the body regi on 
mos t  t rauma t i z ed by them under competition o f  the age groups of 
tra f f i c  participant s .  

As with f ront col l i s ions as we l l  as with corne r / s ide col l i ­
s ions some vehicle e lemen ts causes i n j uries i n  both cases and 
a l so with corner/s idc co l l i s ions chi ldren a l s o  bump aga inst 
windscreens and windscrecn framcs , which there fore are at least 
a l so for this age group o f  rc levance , in the framework of an 
overal l cons ideration here f ront and corner / s i de col l i s ion s are 
valuated together . 

COST/AGGRES S IVITY OF VEIIICLE FRONT CONTOURS 
A comparison of the severity of the overall  trauma a s  wel l  a s  o f  
the costs re s u l t ing from in j uries o f  dif f erent vehicle front con­
tours , a l s o  re lated to d i f ferent age groups , under consideration 
of their acc ident involvernent rate in front c o l l isions , 1 can be 
seen by F i g . 8 .  

In  consideration of acc ident involvement rates of the d i f ferent 
front contour type s related to a l l  pedestrians , the P-contour causes 
with an average of DM 6 0 . 0 0 0 , -- of costs resu l t ing from injuries 
the highe s t  absolute Cost Degree (f  · ACD )  fol lowed by the K- , T­
and V-contour .  An ana logous l i ne of order is  also arrived at with 
relation to age groups , where on ly w i t h  chi ldren the rank of order 
is exchanged with K- and T-contours . 
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An evaluation of �he contou rs on the ba s i s  of the sarne level of 
veh i c l e  irnpact speeds leads via the RCD in the case of the T-con­
tour to the highest relative inj ury cost aggressivity as related 
to the entire group of pedes trians ; this is fol lowed by the K- , 
the P- , and the V-contour .  The latter , for instance , causes only 
3 7 %  of i n j ury costs of the T-contour at v

KF S O  
= 9 . 3  rn/ s .  

Thi s  goes to show , too , that the high aggre s sivity ( ACD)  of the 
K-front contour observcd in real acc idents i s  predorninantly a con­
sequence of its higher rnean irnpact speed . 

The srna l l e s t  RCD , this rneans the srna l le s t  spec i f i c  cost aggre s s ivi­
ty is  caused with chi ldren by the V-contour and with persons aged 
1 5  and on by the P-contou r .  With regard to children thi s is cau sed 
by the lack of a rnarked front end of bonnet with the V-contour , 
and with regard to persons aged 1 5  and on thi s i s  caused by the 
exi stance of such a rnarked front end with the P-contour , due to 
which a head/windscreen f rarne irnpact is avoided to a f ar reaching 
extent . 

COST/AGGRESS IVITY OF EXTERIOR VEHICLE ELEMENTS 
As the traurna suf f ered by a certain age group depends on the 
irnpact speed of the respect ive body rcgion as we l l  as on the ri­
gidity of the irnpact area on vehicle , and a s  veh icle elernents 
which are only reached at high collision speeds are often errone­
ou s ly con s i dered to be rnore aggres sive than the ones which are 
usua l l y  reached , also a valuation of the RCD i s  carried out here -
see Fig . 9 ,  whereby resu l t s  for elernents with a low contact fre­
quency are a l so cons idered and rnade sure . Thus it is also pos s ible 
to cornpare vehic l e  elernents of dif ferent front contour type s 
qua l i tatively with one another . As a supplernent a l so the ACD i s  
g iven f o r  a quantitative va luation . 

lt  rnus t  be taken into account that the corner/ s ide irnpact inc luded 
in the evaluat ion of the acc ident re search materia l used here is 
strongly underrepresented in the case of pas senger cars with 8 %  
a s  cornpared with norrna l l y  2 0 . 9 % according to i t s  frequency a l so in 
the RCD and ACD .  

No d i f ferent iation wa s rnade between bonnet and fender , i . e .  they 
were not s eparately eva luated , as no such d i f ferentiation can be 
rnade in rnost real cases with regard to load direction of pedes­
trians as rnoreover a dividing up transverse to the syrnrnetry plane 
according to typical contact regions of chi ldren or persons a ged 
1 5  and on - f irst and second half - seerns to be rnore sensible on 
the whole . With K-contours the bonnet wa s divided up in upper 
( f irst hal f )  and lower ( second ha l f )  of bonne t .  

For pedestrians o n  the whole the f ol lowing line o f  order o f  pro­
duced costs resu lting frorn inj uries ( RC D )  according to f ront con­
tour type s for the individual vehicle e l ernents is arrived at , 
whereby the e spec i a l ly endangered age groups are stated , too : 



Ponton /Trape zoid ( P / T )  

1 .  front end of  bonnet T 
/chi l dren 

2 .  f ront end of bonnet P 
/ pers . aged 1 5  and on 

3 .  burnper 
/ pers . aged 1 5  and on 

4 .  f irst hal f  of bonnet 
/ c h i l dren 

V-contour ( V )  

burnper 
/ persons aged 1 5  
and on 

second half of  
/ pers . "ged 1 5  
and on 

windscreen f rarne 
/pers . aged 1 5  
and on . 

box-contour ( K )  

upper bonnet region 
/ person s aged 1 5  
and on 

lower bonnet reg ion 
/persons aged 1 5  
and on 

burnper /persons 
aged 1 5  and on 

f i rst half of bonnet windscreen/persons 
/ per s . aged 1 5  aged 1 5  and on 
and on . 

Taking a look at the ACD the resu l t  remains unchanged with the P /  
T-contour u p  t o  rank 4 ;  with the V-contour ranks between 1 ,  2 ,  
and 3 are changed and with the K-contour a change of rank takes 
place between rank 4 and 5 as we l l  as 6 and 7 .  

As surning that approximately three times a s  many corne r / s ide irn­
pac ts are appearing with regard to the d i s tribut ion of irnpact 
areas - tak ing as a bas is  the traff ic acc ident reports of the 
large area of Hanover ,  the tire/ lateral wheel area with P/T-con­
tours causes on general an RCD of  DM 6 3 0 0 , -- ,  for instance , and 
i s  thus a l ready h igher than the cost aggre s s iv ity of the lower 
corner o f  windscreen . With V-contours there i s  an analogues in­
crease of the RCD for the side of the f ront f ender including the 
wheel open ing to the leve l of the f i rst h a l f  of the bonnet . 

With K-contours tire/ lateral whecl area ranks at the 5 th pos ition 
according to i ts RCD ,  caused exc l u s ively by " overrol l ing injurie s "  
espec i a l ly i n  the children ' s  age g roup . 

Compared with priorities for the veh icle to reduce the serious­
ness of prirnary c o l l i sions the importance of  rneasures to reduce 
the seriousness of the secondary col l i s ion ranks only on the 
f i fth to seventh place behind individual veh icle elernents . The 
share which primary co l l i sions take up with produced costs resul ­
t ing f rorn i n j ur i e s  related t o  the whole col l i s ion shows also its 
ratio of  fol l ow-up costs with regard to secondary col l i s i on .  With 
a quotient of  7 . 4  ( P / T ) , 1 3 . 2  ( V )  and 9 . 3  ( K )  the costs resulting 
f rorn i n j uries with �r irnary col l i sions are on the average ten times 
a s  high related to v

KF S O  (V/P / T )  = 9 . 3  m/ s .  

COST AGGRESS IVITY OF VEH I CLE ELEMENT/ BODY REGION-COMBINATIONS 
After deterrnining the aggre s s ivity rank of individual vehicle 
elernents of  d i f f e rent front contour type s irnportant i s  tc f ind 
those body regions wh ich are rnost seriou s ly traurnati zed by the 
respective vehiclc elernen t .  Con s idering the influence of the age 
group on the b i ornechanical loading capaci ty of body regions when 
designing the external vehi c l e  c l ements , chi ldren and persons 
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aged 1 5  and more are treated here as competing factor s .  Determina­
t ion of l ayout priorities is ef fected separately accord ing to 
f ront contour types v i a  the RCD ; but as a supplement here , too , 
the ACD i s  stated for the pos s ib i l ity o f  an absolute evaluation . 

PONTOON/TRAPEZOID - CONTOUR ( P / T )  
For P/T-contours - see Fig . 1 0  - mos t  often involved in traff ic 
accidents can be taken the following use value orientated layout 
of the most aggres s ive vehicle elements to the loading capacity 
of body regions which are most strong ly traumatized by them . 

1 . Front edge of 4 1 7 0 0 , --DM/head chi l dren 1 6 6 0 0 , -- DM ( ! ) 
bonnet ( T )  ab dornen chi ldren 1 5 4 0 0 , - - DM 

thigl:t pers . � 1 Sy 1 4 9 0 0 , - - DM 

2 . Front edge of 2 6 4 0 0 , --DM/pelvis pers . � 1 5y 1 6 2 0 0 , - - DM ( ! ) 
bonnet ( P )  ab dornen pers .= 1 5y 1 3 2 0 0 , -- DM 

spine column 
persons � 1 5y 9 4 0 0 , - - DM 

3 .  Front bumper 2 2 6 0 0 , --DM/ shank pers . � 1 5y 2 1 0 0 0 , - - D.M ( ! ) 
knee pers . � 1 5y 1 0 5 0 0 , - - DM 
thight chi ldren 7 0 0 0 , -- DM 

4 .  First half of 1 5 1 0 0 , --DM/head chi ldren 1 4 4 0 0 , -- DM ( ! ) 
f ront bonnet head per s .  � 1 5y 6 2 0 0 , -- DM 

thorax pers . � 1 5y 5 4 0 0 , -- DM 

( 5 .  Road surf ace 1 3 2 0 0 , --DM/head pers . � 1 5y 1 3 1 0 0 , - - DM) 
head ch ildren 9 2 0 0 , -- DM) 

The sum of the individual cost values can here pos s ib ly be higher 
than the values of the orders 1 to 5 in Fig . 9 ,  as for instance 
one vehicle element can pos s ibly traumatise several body region s ,  
and on the other hand they represent average values related to 
costs resul ting from injuries to all per sons in consideration of 
age groups . 

Fig . 1 0  i s  further supplemented by a chart of types of injuries 
caused by the individua l vehicle elements of P/T -contours , and 
Fig . 1 1  includes an agg re s s ivity l ine of order based upon Fig . 1 0 ,  
thus the typical type of load can be deducted and the f ollowing 
layout priorities can be stated : 

- The f ront edge of bonnet with T-contours , the traumati z ing 
ef fect of which is rare , but which h i t s  the head region of little 
children with serious consequences , causes due to its  mostly 
l inear contact area most serious skul lbrain-traumas fol lowed by 
serious organ injuries of the abdominal region o f  children as 
we ll as femur fractures with serious soft t i s sue lesions a s  well 
as pelvis fractures of pcrsons from age 1 5  and on . - Layout 
priority : head reg ion of chi ldren . 

- The front edge of bonnet of P-contours causes due to its more 
surface contact area , which brings about a larger vertical di­
men s ion , a s trong decrease of  abdominal traumas a s  wel l  as a 
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l imited increase of skeletal thoratic injuries of chi ldren . For 
persons aged 1 5  onwards th is causes an increase of trauma espec ial­
ly o f  the pelvis but a l so of the abdominal region . This is a l so 
the maincause for spine column injurics - mos tly in the lumbar 
vertrebral region ( LWS ) - of persons from 1 5  years of age on . -
Layout priority : pelvis- and partly abdominal region of persons 
from 1 5  years on ; paying heed to the chi ldren ' s  head region . 

- The bumper mainly cau s e s  fractures in the lower extremi ties of 
both age groups e spec ially of tibia / f ibula and partly also with 
persons over 1 5  years of age in the knee region , respectively 
with c h i ldren fractures of the femur . - Layout priority : tibia / 
fibula of persons from 1 5  ycars of age on1 protection of the child­
ren ' s  femu r .  

- The f i r s t  h a l f  o f  the f ront bannet causes ma inly Skull-Brain­
Traumas ( SBT ) with children , but a l so in a sma l l  number of cases 
S BT inc l .  fractures a s  we l l  as skeletal thoratic i n j uries in the 
age group of persons aged 1 5  and on . - Layout priority : head 
region of children . 

- The impact on the road surface mainly causing SBT with both age 
groups with f ractures of the head region whereby especially per­
sons f rom 1 5  years on are endangered . 

- The second hal f  of the front bannet mainly causes SBT accom­
pan i ed by s k u l l  f ractures of persons f rom 1 5  years and on , too , 
but i t  a l s o  causes ske letal i n j uries of the thoratic region . -
Layout priori ty : head reg ion of persons f rom 1 5  years of age on . 

- The lower corner of windscreen causes severe SBT , but a s  con­
s equence of the distribution of veh icle impact speeds , these are 
rare . Often they are accompanied by skull f racture s .  These men­
t ioned inj uries apply to pe rsons f �om 1 5  yea rs of age on . Th i s  
veh i c l e  e l ement i s  a l so the ma in cause of inj uries to the necK 
spine column ( HWS ) in this age group . - Layout priority : head re­
gion of persons f rom 1 5  years of age on ; paying heed to the neck 
spine loading for the same age group . 

- Head lights and sourrounding area are mostly causes of pelvis 
f ractures but a l s o  to a sma l ler degree they cause abdominal in­
j uries of persons from 1 5  years of age on , respectively , with 
chi ldren they cause soft t i s sue lesions in the thigh and shank 
area . - Layout prior i t i e s : pelvis region of persons from 1 5  years 
on , and paying heed to soft tis sue in j uries on general , but es­
pec i a l ly with regard to chi ldren . 

- Upper A- post causes cxclus ively Sku l l - Brain-Traumas accom­
panied by s k u l l  f ractures and partly by moderate soft t i s sue in­
j uries with persons from 1 5  yea rs of age on . - Layout priority : 
head region of persons frorn 1 5  years o f  age on ; paying heed to 
soft t i s sue injuries of the head . 

9 7  



- The windscreen mainly causes f irst degree SBT partly with sku l l  
fractures and f requently in connection with s l ight soft t i s sue 
i n j uries w i th persons from 1 5  years on . Important head i n j uries 
are observed with chi ldren , only they are caused by SBT . - Layout 
priority : head region of per sons from 1 5  years on . As the rest of 
vehicle e lements show a substantial lower aggre s s ivity rate -
partly caused by their underrepresentation - layout priorities 
are appra i sed under reservation as follows : 

- t ire and wheel lateral surface : tibia/ f ibula of children . 

- outs ide mirror : head region o f  persons from 1 5  years of age on ; 
paying heed to the chi ldren ' s  head region . 

- s ide of front fenders , wheel opening : tib i a / f ibu la of chi ldren ; 
paying head to soft t i s sue i n j uries . 

- frontal roof edge : head region of persons aged 1 5  years and on . 

- front spoi ler : feet region of persons from 1 5  years of age on ; 
tibia/ f ibula of chi ldren . 

- front area of car , radiator g r i l l e :  pelvis fractures o f  persons 
from 1 5  years of age on ; paying heed to soft t i s s ue i n j uries . 

- s ide doo r ,  door hand l e :  head region o f  chi ldren . 

With T/ P-contours i n j uries to the abdominal region of chi ldren 
- such as k idney contusion or spleen rupture - are previously found 
w i th veh i c l e  impact speeds of 1 . 8 respectively 6 . 3  m/s . The ma j o­
rity of pe lvis i n j uries of persons from 1 5  years of age on , caused 
by the f ront edge of bonnet , are pelvis c ircle fractures , and are 
found from 3 . 3  to 6 . 8  m/s on . 

V-CONTOUR ( V )  
For the second frequent front contour involved i n  pede strian 

acc i dents ,  the V-contour the fol lowing layout priorities can be 
derived f rom f i gure 1 2 :  

bumper :  tibia / f ibula o f  persons from 1 5  years on ; paying heed 
to the childish f emin 

- second half of front bannet : head and thorax of persons from 1 5  
years on ; pay ing heed to their neck spine column . 

- w indscreen frame : head of persons from 1 5  years on , paying heed 
to thei r  neck spine co lumn . 

- f irst half of front bannet :  head of chi ldren , paying heed to 
thorax and abdomen of persons from 1 5  years cn . 

- s ide of front fender s ,  whee l  open ing : t ib i a / fibula of chi ldren . 
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Other veh ic l e  elemcnts show a lower aggres s ivity rate , partly 
influenced by underrepresentation , for which layout priorities can 
be taken a l so f rom Fig . 1 2 .  

BOX-CONTOUR ( K )  
For the f ront contour which show sma l l e s t  involvement rate i n  pede s­
trian acciden t s , the K-contou r , the following layout prior i t i e s  can 
be derived frorn Fig . 1 3 .  

- upper ha l f  of f ront bonnet : thorax with paying heed to the neck 
spine area of persons � 1 5years ; paying heed to child head region s . 

- lower h a l f  o f  front bonnet : abdomen with paying heed to thorax of 
persons � 1 Syears , a l so to chi ldren ' s head region . 

- bumper : abdomen and tibia / f ibula of person s � 1 5years ; paying heed 
to children ' s  pelvis 

- windscreen : head with paying heed to neck region of persons � 1 5y .  

With regard to other veh i c l e  e lements , wh i c h  show a lower aggre s s i ­
vity rate , partly inf luenced b y  underrepre sentat ion , layout priori­
ties can be taken from Fig . 1 3 ,  too . 

D I SCUSS ION 
In the f ramework of a use va lue or ientated overall optimi zat ion of 
the veh i c l e  exterior it must bc a imed to determine the order of 
aggressivity of s i ngle vehi c l e  c l cmen ts a l s o  for determination o f  
biomechanical layout priorities to f i nd out l ine o f  order b y  i n j ury 
requence costs of cornbinations of vehicle e lernent body regions pri­
mary based on cases with vehicle front and corne r / s ide collis ions 
with pede strians . The latter k ind of collis ion is of spec ial inte­
res t  due frequency of occurence and its traumatological re l evance . 
Layout o f  external veh i c l e  e lements , i . e . impact areas of pedestri­
ans , shou ld be harmoni zed-according to the i r  order of aggress ivity­
to b iomechanical loading capac i ty of body regions which are most 
seriou s l y  traumati zed by the respective veh ic l e  element , or wh ich 
causes the h ighe st costs result ing from i n j uries . 
I f  the vehicle exter ior i s  des igned according to the biomechan ical 
loading capac i ty of body regions of person s � 1 5years , this  measure 
proves to be o f  only sma l l  e f f ic iency w i th regard to chi ldren , which 
l ikewi s e  have a l s o  to be protected , as mas s  forces of the latter 
group are much lower than ones of the former group at same impact 
speed s . Consequence i s  that for some exterior vehicl e elements exist 
a need for two d i f ferent leve l s  of reaction force s .  
Thus i t  would be optimal to have a contact s t i ffness adepted to the 
femur o f  children , e . g .  in case of bumper impact , wi th a pre s t i ffnes 
of low level and in  the reverse case added by one for pers . � 1 5year 
REFERENCES : 
[ 1) " B i ornechanik des Kindes , An forderungen an die I nnere und Äu ßere 

Sicherhe i t  von Kra ftwagen " ;  " Technical University Berlin , In s t . ·of 
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Och i l d . ( n  • 28 ) 
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