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1 .  INTRODUCT ION 

The impact between the head and the veh i cl e  i s  the prime cause of death to 
pedestri ans and moped ri ders ( i  . e .  users of two-wheel veh ic les  with an engine 
with a capaci ty l es s  than 50 cm3 ) .  Accordi ngly , the acci dentol ogi cal and expe
rimental analys i s  of these i mpacts deserves pri ori ty attenti on . 

Stati s t i ca l  and acci dento l ogi cal data concern i ng the i mpact between the 
head and the veh i c l e  of users outs i de the vehi c l es are s ummari zed . The object i 
ves and methodol ogy of  a n  experi mental study of i mpact between the head and the 
veh i c l e  are i ndi cated . A number of resu l ts of s i mul ati ons and reconstructi ons 
of i mpact between the head and the veh i cl e  with dummi es, wi th a separate dummy 
head and with a cadaver are presented . 

2 .  H EAD-TO-VEH ICLE  IMPACT OF PEDESTRIANS AND MOPED RI DERS 

The i mportance of i n juries resu l t ing  from head-to-veh i cl e  i mpacts of the 
pedestri an has been emphas i zed frequently ( 1 ) ( 2 ) ( 3 ) ( 4 ) . I n  France , where 80% of 
l etha l ly i nj ured pedestri ans are the resu l t  of col l i s i ons wi th automob i l es ( 5 ) , 
head-to-car i mpact i s  sai d to account for 30 to 40% of l ethal i n j uries to the 
pedestri ans . 

The acci dentol ogi cal data concern i ng moped ri ders are more l i mited .  A re
cen t  study of 132  acci dents ( 6 )  l i sts 1 2  i n juries wi th an .A IS  factor of 4 to 5 
resu l t i n g  from head-to-car i njuries as of 24 A IS  4 to 5 i njuries that occu-
red i n  the course of col l i s i ons  between an automobi l e  and a moped .  In France , 
where about 60% of  moped ri ders are ki l led  i n  col l i s i ons wi th automobi l es ,  head
to-car i mpact cou l d  cause a l most 30% of a l l l ethal i nj uri es . 

These resu l ts , whi ch s how a certa i n  degree of  s imi l i tude between the mai n 
acci dent data of the pedestrian and those of  the moped rider ,  a l l ow for the es
timates fi rstly of the very serious and l ethal i nj uries to the head by i mpact 
aga inst  the automobi l e ,  compared to i mp�ct agai nst the ground ( 7 ) , and second 
a l s o  for the proporti on of very seri ous and l ethal i njuries to the head compa
red to other parts of the body ( /' 60% wi th the pedestri an ( 8 ) , 70% i n  a bi di s 
ci p 1 i n ary 11moped11 ri der survey ( 6 )). For i nstance , the OAIS/AIS rat io  for the 
head from a s amp l e  of a hundred pedestri ans i nvol ved i n  acci dents i n  the Peu
geot-Renau l t  Associ ati on s urvey confi rms the i nci dence of head i nj uri es  (Tab l e  
1 )  . 

Wi th pedestri ans , the very seri ous and l ethal i njuries to the head ( AIS 4-
5) mostly stem from i mpacts of the head aga i nst the windscreen frame and the 
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scutt l e  of European type cars ( 1 ) ( 2) (4) . Most of the i njuries of med i um severi 
ty ( AIS 2-3)  arise from i mpacts agai nst the s urface of the car wings and bomet. 
In order to p i npoi nt the re l at i ve importance of the various zones an the veh i 
c l e ,  tab l e 2 g i ves a cl as s i fi cation based an the EAIS3 cri terion wh i ch combi nes 
the frequency and severi ty data and i ncreases the i nci dence of the very severe 
i nj uries . 
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Tab l e  1 - Overa l l  Abbrev i ated 
Injury Sca l e  Re l ated 
to Head Abbrevi ated 
Injury Scale i n  100 
Pedestri an Acci dents 
( 4) 

w1 n"screen frame 

Aonl'let + w1 ngs 

Scutt l e  

Wi nt!screen 

Oashbo1rd 

Roof 

1-'eadlanp area + nri 1 1  
lateral areas 

r,..,quency t:AIS� �.(A01 Sj 1 v� (kl'11• (n )  
>4 .� ( 17) Je 4 ,? 44 ·' 

?5,  7 (IP) lf ,F ? , )  H 

l? ,9 (9) 14 , ?  

IP.,f (D) e ,1  

• . �  P> 7 ,4 

l ,P (2 )  7 ,4 

l ,P (2) 3 ,9 
p .� ( � )  

3 .P 37 

2 ,C 4� 

4 ·' 6 1 , 5  

100 

Tab l e  2 - D istri but i on of 70 Pedestri an 
Head Impacts an the Car ( 4 )  

l t  appears that the wi ndscreen frame ( 38%) and the scuttle ( 14 . 3% )  toge
ther account accordi ng to th i s  cri teri on for over ha l f  the poi nts . One can a l s o  
observe that the windscreen , i ts frame and scutt l e  represent over hal f the head
to-vehic le i mpacts . The average severi ty of the i mpact in  these vari ous areas 
3 I EAJS3" refl ect the 11 ri gi di ty " of these regi ans of the veh i  cl e ,  i n  add it  i on 
� n to the l eve l of the correspondi ng col l i s i on speeds : for the s ame 

mean col l i s i on speed , i mpacts agai nst the wi ndscreen frame have an average se
verity of 4 . 2  and impacts against the windscreen an average severi ty of 2 . 8 .  

The characteri s t i cs of the head-to-car i mpacts of moped dri vers are 
known with l es s  prec i s i on . A samp l e  of 50 head-to-car i mpacts of moped dri vers 
of the Peugeot-Renaul t Association s urvey ( 6 )  has nonetheless revealed the im
portance of the wi ndscreen frame , as i s  al ready known for the pedestri an ( tab l e  
3 ) . 
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rrequency (AJS3 'Jf'. A I S�'  
( n )  n 

Upper windscl"ten cross ntmbtr 14 (7) 30,3 4 ,? 
,1,„pi 1 lars • lowtr windscreen 
cross membtr 10 ( f )  ?3'1  4 ,3 
Lateral areu ?O 110) 23.� 3 ,4 
wtndscreen 24 ( I?) 9,e 2 ,4 
Scut t lt e. ( 4 )  9 , 2  ) , 4 
Sonnet • wi nqs 12 ( �) 3 , 4  2 ' 1  

Bock 10 ( � )  0 , f  1 , 3  
Othtr ? ( 1 )  

Tab l e  3 - Di stri buti on of 50 Moped Ri ders Head Impacts on the Car ( 6 )  

The upper cross -member o f  the wi ndscreen frame wou l d  a�pear to be re l ati ve
ly more dangerous to the head of the moped dri ver ( 30% EAIS3 ) than i s  the l ower 
cross -member and the s cuttl e .  Ki nemati cs of the head somewhat di fferent from 
those of the head of the pedestri an ( more hori zontal trajectori es of the head 
of the moped dri ver) cou l d  pos s i b ly exp l ai n  why the reverse resu l t to that for 
the pedestri an i s  obta i ned ( s cuttle + l ower cross -member of the wi ndscreen fra
me are more 11 aggress i ve 11 than the upper wi ndscreen frame cross-member ) .  A second 
pecul i ar i ty of moped dri ver acc i dents can a l s o  be observed , name ly  that the l a
teral secti ons of the vehi c l e  represent a l so one-quarter of the EA IS3 poi nts . 

3 .  EXPERIMENTAL STUDY OF HEAD-TO-VEHICLE I MPACTS OF PEDESTRIANS AND MOPED DRI
VERS : OBJ ECT IVES AND METHODOLOGY . 

Experimental study of the head-to-veh i c l e  i mpact has a twofol d obj ecti ve : 

- to reduce the severity of the head-to-veh i cl e  i mpacts ; 
- to di scover the tol erance of the human head to i mpact . 

These two objecti ves can be reache.d provi ded a procedure cons i st ing  of the 
fo l l ow ing  stages be fol l owed : 

a - acci dento l ogi cal study of head-to-veh i c l e  i mpact 
b - determi nati on of the re l at ionsh ips  between the col l i s i on speeds and the 

head-to-veh it l e  i mpact speeds ( s i mu l ati on of acci dents wi th dummi es , cada
vers and mathemati ca l  mode l s )  

c - estab l i s hment o f  the correl ati onsh i p  between the severi ty of the head-to
vehi c l e  i mp act of real  acci dents i n  the various zones and the head impact 
speed (A IS  h ead/head-to-veh i c l e  i mpact speed) 

d - s i mul at ions and reconstructi ons of head-to-veh i cl e  i mpacts wi th a model head, 
a dumlT\Y and with cadavers . Rel at i onsh ips  between the i njury cri teri a and the 
severi ty of head- to-veh i cl e  i mpacts observed i n  rea l - l i fe acc i dents ( AI S/H I C  
contri buti on to the study o f  tolerance of the human head to impact) 

e - the search for sol uti on s ;  eval uation of the advantage , i n  terms of H I C ,  at 
a g i ven speed or of the speed for a g i ven severi ty ;  esti mat ions of the cost/ 
benef.i t rati o .  

To contri bute towards poi nts b ,  c and d of th i s  study ,  a few experi mental 
fi gures are gi ven bel ow .  
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4 .  CHARACTERISTICS OF HEAD-TO-VEHICLE I MPACTS : I MPACT VELOC ITY ; L I NK BETWEEN 
HEAD AND THORAX; S IMULAT I ONS AND RECONSTRUCTIONS OF HEAD-VEH ICLE IMPACTS . 

4 . 1 .  Head-to-veh i cl e  i mp act vel oc i ty 

a) Pedestri ans - The re l at i onsh i p  between the col 1 1 s i on speed and the head
to-vehi cle 1 mpact ve l oc i ty was studied i n  experi mental col l i s i on wi th dummies 
and cadavers and w ith a mathemati cal model . 

H . B .  Pri tz ( 10 ) , i n  tests wi th cadavers , d i sti ngui shes between a 11 standard 11 
profi l e ,  the 11nose 11 of wh i ch i s  s i tuated 78cm above ground l eve l and a 11 l ow 11 
profi l e ( 11 nose 11 at a hei ght of  63cm) . A 1 i near re 1 ati onshi  p between the head-to
bonnet i mpact ve l oc i ty and the col l i s i on speed appears for these two profi les  
for respecti ve V i /Vc rati os of  0 . 7  and  1 . 1 . 

I n  tests w i th dummi es , the TRRL ( 9 )  measures head-to-vehi c l e  i mpact ve l oci -
ti es wh i ch d i sp l ay a fa i rly h i gh degree of s catter for col l i s i on speeds of 
from 20 to 30 km/h . In contrast to the fi gures gi ven by H . B .  Pri tz , th i s  i mpact 
ve l oc i ty appears rel ati vely h i gher i n  col l i s i on s  wi th "h i gh "  profi l es .  

Out of 2 1  meas urements made by the Peugeot-Renaul t Associ at ion i n  the cour
se of tests on dummi es ( 16 cases ) , u s i ng a mathemati cal model ( 3  cases ) and on 
a cadaver ( 2  cases ) ,  the mean head-to-vehi cl e  i mpact vel oci ty was 1 . 05 t imes the 
col l i s i on speed for a standard devi ati on of a=0 . 24 ( fi g .  1 ) . Les s scatter wou l d  
appear to occur above 40 km/h than a t  at the l ower speeds (m= l . 1 2 ,  a= 0 . 13 for 
Vc �40 km/h )  . 
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t°i(I, 1 - Head·Car Impact Speed Versus C o 1 1 t s1on Speed Rat1o 1ri Car
to-Pedestrian Collisions Simulated With [l,nnies , Cadavers 
and �ath..,.tlca1 l<odel. 

It i s  poss i b l e  to make one defi n i te statement as regards a res ul t wh i ch i s  
common to a l l  three of these studi es : the head-to-vehi c l e  i mpact vel oci ty i s  
d i s tri buted around the col l i s i on speed .  However ,  the d i recti on of vari ati on of 
the V i / Vc rat i o  i n  terms of the profi l e  of the veh i c l e  g i ves ri se to confl i cti ng 
resu l ts . I t  woul d a l so appear that the col l i s i on speed i s  a somewhat i n accurate 
esti mati o� of the head-to-veh i c l e  i mpact vel oc i ty .  Study of the rati o of the 
head-to-veh i c l e  i mpact ve l oc i ty to the col l i s i on speed shou l d  be cont inued , i n  
parti cu l ar w ith a cadaver. 

141 



b )  Moped ri ders - Analys i s  of the head-to-veh i c l e  impact ve l oci t ies of mo
ped r iders J S. JJ1ore comp l e x .  A few analyses of these vel oci t ies  i n  fronto- l ateral 
col l i s i ons  ( 1 1 ) , wi th the moped dri ver ei ther h a l ted or movi ng , showed that the 
head-car i mpact speed d i s p l ays a h i gher degree of scatter than i n  pedestri an 
acci dents . 

4 . 2 .  Di recti on of the head- ve l oci ty on i mpact for the pedestri an - S imul a
ti on of the head-to-veh1 cie i mpact w1th a separated dummy head requ1 res knowled
ge of the di recti on of  the ve l oc ity vector of the head together w ith the pos i 
ti on of the head on i mpact . A d i st i n ct i on i s  drawn between head-to-bonnet impact 
and head-to-wi nds creen i mpact i n  col l i s i ons wi th dummi es ( 16 cases ) and cadavers 
( 2 cas es ) ( f i g . 2 ) 
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F 1 o .  1 · Hud Averaoe Pos1t1on and 'le 1oc1ty lnc11nat1on at l"!>&ct Aga1nst the Sonnet 
(•) and the W1ndscreen (�) . 

On i mpact agai nst the bonnet , the average i ncl i nati on of  the head vel oci ty 
was 74° ( o=l4° ) .  On i mpact agai nst the wi ndscreen , the average i ncl i nation to 
the wi nds creen of  the ve l oci ty was 82° ( o = l 1 ° ) . 

These fi gures , wh i ch wi l l  be used i n  s i mul ation of head-to-veh i c l e  i mpact 
wi th a separated hea d ,  were obtai ned mai n ly  with the dummy . They shou l d  be check
ed with the cadaver .  

4 . 3 .  L i n k  between head and thorax - The head-to-veh i cl e  i mpacts of the 
dummy are not str1 ctly equ1 valent to the head-to-veh i c l e  impacts of the separa
ted dummy head : when connected to the dummy , the head i s  subjected to forces on 
i mpact transmi tted through the neck .  I n  order to speci fy the i n fl uence of these 
forces on i n jury cri teri a measured on the dummy head , a paral l e l  series of tests 
was conducted on free-fa l l  onto the head wi th a dummy equi pped with a Hybri d I I  
head and neck and a separated Hybri d I I  head . The force on i mpact was meas ured 
( see tab l e 4 ) . 

In  the fi rst confi gurati on , wi th the dummy horizontal , a maxi mum accel era
tion 20% h i gher i s  obse rved with the separated head , wi th proportional i ncreases 
i n  the S I  and H I C .  The max imum force meas ured on i mpact i s  comparab l e ,  but the 
i mpu l se , associ ated to a l onger durati on i mpact,  i s  h i gher wi th the comp lete 
dummy . 

I n  the second confi gurati on , w ith the dummy at an ang l e  of 45° , the neck 
wou l d  appear to be of greater i n fl uence , the maxi mum acce l eration i s  30% h i gher 
wi th the separated head , but si nce the i mpact i s  shorter , the S I  and H I C  i njury 
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cri teri a are comparab l e .  The h i gher maxi mum force vii th the  comp l ete dummy , com
b i n ed wi t h  a l onqer durat i on i mpact , means that the head recei ves twi ce the i m
pul  se than i n  the "sep arated head 11 confi gurati  on . The rati os o f  Fmax o r  f Fdt 
have the physi cal di men s i on of a mass and are greater wi th the � max � 
comp l ete dummy i n  both con fi qurati ons compared to the correspondi ng fi gures 
with the  separated head . 
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Fi q .  4 - Compari son Between the Characteri sti cs of Head Impacts w i th a Separa
ted Head and a Comp l ete Dummy in Two Confi gurati ons . 

These  res u l ts wou l d  i ndi cate that wi th the dummy , the S I  and � I C  i nj ury 
cri te ri a shou l d  be of the s ame orde r of magn i tude or be l ow these s ame cri ter i a  
measu red o n  a separated head i n  i mp acts a t  the s ame speed and w i t h  a l l other 
factors eq ual . A more comprehensi ve st udy b ased on a 9reater number of tests 
cou l d  l ead  to the choi ce of an experi mental  head w i th a mass wh ich  i s  h i gher 
and vari a b l e  w i th the condi t i on s  of i mp act in tests attemp t i n g  to di scover the 
eq ui va l e n ts between the dummy head i mp acts and i mpacts of a head wh i ch is sepa
rated from the dummy . 

I n  an i n i ti al stage , the tests presented b e l ow were ca rri ed out w ith  a 
Hyb ri d I I  h ead  of gi ven mass ( 4 . 3 k9) . 

4 . 4 .  S i mu l at i on of head - to-veh i c l e  i mpacts - The severi ty i nd i ces of head 
i mpacts i n  the var1 ous zones of standard producti on veh i c les  duri ng col l i s i ons 
s i mu l ated wi th a Si erra dummy eq ui pped vl i th a Hybri d I I  or S ierra neck and h ead 
and w ith  a sepa rated Hybri d I I  head are pre sented be l ow .  The correspondi ng ac
c i de ntol ogi cal data y i e l ded by the Peu9eot- Pen aul t Ass oci ati on Acc i dent Su rvey 
( 4 )  are a l s o  prese nted . 

4 . 4 . 1 .  ���9:!Q:QQQQ�!-�-�iQ9�-i�Qg�t� -
a )  E xpe ri mental  col l i s i ons ( fi 9 . 3 )  - Wi th overa l l s i mu l ati ons performed 

on various model veh1 cles i n  zones si tuated away from the l i ne of the j oi n t 
between the bannet and the wi nas and the bannet and the scutt l e , the head-to
bonnet imp act H I C  val ue d i d  not exceed 1000 up to col l i s i on speeds of 40 km/h 
( see fi g .  3 )  . 
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b)  Separated dummy head ( tab l e  5 )  - Conducted under the test i ng conditi ons 
of fi gure 2a ,  impacts of separated h eads aga inst  a seri es bannet were somewhat 
more severe than wi th the dummy , a l though an H IC  fi gure of 1000 was not excee
ded up to i mpact ve l oc i t i es of 40 km/h i n  the center of the bonnet . 

I n  the zone around the l i ne of jo int  between the wi ngs and the bonnet and 
agai nst the wi ngs , the i mpacts turned out to be much more severe , and H I C  of 
4485 being reached at 32 km/h i mpact vel oc i ty .  These zones do not a l l ow suffi 
c ient dynami c d i s torti on or are too ri gi d .  
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c)  Acci dentol ogi ca l  data ( tab l e  6 )  - As a n  examp l e ,  the head-to-bonnet 
and wing  impacts of the Peugeot-Renau l t  Associ ati on Survey a re shown bel ow .  
Most o f  these i mpacts occured i n  re l ati ve ly  l ow aggress i vi ty zones o f  the ban
net , away from the j o i n t  l i ne between wi ngs and bannet or bannet and s cuttl e .  
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Tab l e  6 - Head Bonnet and Wing 
Impact Severity i n  
Actual Acci dents ( 4 )  . 
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4 . 4 . 2 .  Head-to-Wi ndscreen frame and head-to-�����i�:f�e���§-:---------- - - - - - - - - -
a )  Experimental col l i s i ons ( fi g .  4) - L imi ted 

in number at co111 s 1 on speeds of l es s  than 
40 km/h , head-to-windscreen frame i mpacts 
resu l ted at 40 km/h i n  h i gh and very h i gh 
severi ty i ndi ces . 

rtq .  4 • Head·W1ndscreen frame fl'(>act 
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b )  Separated dum� head ( tab l e  7) - These tests were performed wi th the 
confi guration shown 1 n  � gure 2b on a seri es car .  An H I C  severi ty i ndex of 1500 
was exceeded i n  every case except one at i mpact speeds of 32 km/h or more . 

Note the l ow dynami c deformation whi ch accompan ies  these i mpacts ( car 
structure + head s k i n ) . 

Jq>1ct Lon11utton Vt '(. (•) 6 V  (lyna„tc defo,,..tion 
�IC lnr structure + he•d sich) (�/S) (\-n/"' � �11 (r , .  , ... ) 

. Scuttle 6 ,7 ?• '74 10� 

p ,9 ?:' l?l l lfr 1n,o 40 

. \li ndscreen frane 6 ,7 ?• 7Rl lF' p ,7 37 

R , 9  37 '224 ?.50 1r,r 3? 

1 1 .  1 40 3797 ?56 1 3 , I  36 

1 1 . 1  •r 1f71 IAF 13 ·' 74 

Ta!-ole i' •1ybr1'1 t l  Separatcd �ea,.. /lnainst W1 nrtscreen F'rare and ScuttlC' 1111'1Ct Se-ttrity . 



c) Acci dentol ogi cal data ( tabl e 8) - The acci dentol ogi cal data of head-to
wi ndscreen frame i mpacts or head-to-scuttle i mpacts confi rm thei r severi ty abo\e 
col l i s i on speeds of 30 to 40 km/h . 
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Tab l e  8 - Head-Wi ndscreen Frame and Scut
t l e  Impact Severi ty in Actual 
Acc i dents ( 4 ) . 

4 . 4 . 3 .  ���9:�2:�iQ9��r��Q_i�e��!� -

a )  Comp l ete dumn\Y ( fi g .  5 )  - In col l i s i ons 
using a dummy , head-to-wi ndscreen i mpacts 
are of moderate severi ty up to 40 km/h . 
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b )  Separated dummy head ( tabl e 9) - Impacts w i th a separated dummy head 
were i nduced at the centre of a l aminated and tempered windscreen under the 
condi t i ons  shown i n  fi gure 2b . The correspond i ng i njury cri teri a are somewhat 
more severe than during experimental col l i s i ons  ( i nfl uence of the l i nk  between 
head and thorax? )  but d id  not exceed an H I C  of 1000 up to 45 km/h . Note that as 
opposed to col l i s i on data , the severest i mpacts occured an the l ami nated wind
screen . I mpacts were i ndu ced in  the upper corners and near the l ower edge of 
l ami nated and tempered wi ndscreens . No appreci ab l e  i ncrease in  the severi ty was 
observed i n  these zones , part i cu l arly i f  al l owance be made for the secondary 
i mpact against the w indscreen frame whi ch occured i n  these tests . 
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l.J'"t nated w 1 n<4screer , clos.e lt 1o""fr tdn� ' "  ,, n1a 1 7' Je\ 

r . 7  '4 <Pr 17� 

Ccnttr rif laminated �dndscr-ee„ 9 ,a )4 9•� ?6S 

r.enter (1( tefllC>tl"'e<' w1 ndscreen 9 .• 34 'CP l�S 

Center of 1amtnated wtndscreer l? ,? 44 9d� 3?7 

Center of te1r4>ered '°'' nds.creer 1 1 , l  40 7S5 '.'()) 

Comer- of lam\nated wir.dscreen+frafllt 9 ,4 34 4�? 207 

Comer of teq>ered wtndsc,..en+fraMt 9 ,4 34 �l? ??P 

Corner of h f'l'inated ... t"dHreen+fraine l ?  ,? •• 7'! ?10 

Corner of tempered wt ndscreen+frarnc l? ,? 44 73C ?16 

lablt 9 · Hybrid 1 1  Separated Head Aoat ,..s t  Yi nd!.Creen l�act Severity 

c) Acci dentol ogi ca l  data ( tabl e 10 )  - The acci dentol ogi cal data correspon
d i ng  to head-to-w1 ndscreen i mpacts confi rm the moderate severity of head-to
w indscreen i mpact up to col l i s i on speeds of 40 km/h . A l ethal head -to-windscreen 
i mpact ( fracture of the base of the s kul l )  was obtai ned aga i nst a tempered wind
screen in  a col l i s i on occuri ng at 40-50  km/h . The second l ethal head-to-wi nd
s creen impact corresponds to a col l i s i on at over 100  km/h . 
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Tab l e  10 - Head W i ndscreen 
I mpact Severi ty 
i n  Actual Acci dents 
( 4 )  

I n  v iew of these resul ts and acci dentol ogi cal 
data for moped ri ders ( 6 )  the wi ndscreen wou l d  
appear as the most favourable  region  of the 
veh i c l e  as regards head i mpact . 

4 .5 . Reconstructi ons  of head-veh i cl e  i mpacts -
Study of head-to-veh1 cle i mpact by the experi 
mental method rai ses many probl ems , the foremost 
bei ng that of choos i n g  a representat i ve acci dent 
wi th head-to-veh i c l e  i mpact of a certa i n  v io len
ce  o r  severi ty and for whi eh the acci dento l og i  -
cal data are comp lete .  One must a l so ens ure that 
the deformat ion  observed i s  essenti al ly caused 
by i mpact of the head .and has not been accentua
ted by i mpact of the thorax or any other part of 
the body . The rema i n i ng probl ems are methodo lo
gi cal i n  n ature . 

a )  Impacts wi th an experimental separated head - Choi ce of an experi mental 
head rai ses the problem o'fFits mass . The results presented i n  secti on 4 . 2 .  sho
wed that in  tests  wi th a dummy , the i nfl uence of the neck cannot be neglected . 
However , the neck of a human subject i s  not so sti ff as that of a dummy and the 
l i nk  between head and thorax cou l d  have l ess i mportance wi th respect to impact 
of the head . The cho i ce of a mass c l os e  to that of the head of the pedestri an 
i nvol ved i n  the acci dent may represent an i n i t i al approxi mat i o n .  However ,  the 
q uest i on then ari ses of the s i gn i fi cati on of i nj ury cri teri a on a non- standar
di zed head . Furthermore , search for the i mpact ve l oc i ty of the head accord i n g  
to the cri ter ion of the deformat i on observed o n  the vehi c l e  res i des on a good 
corre l ati on between the deformat i on of the zone struck and the energy absorbed . 
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b )  Recon struct i ons wi th dummies  - The reconstructi on o f  a head- to-veh i c l e  
i mp act i n  a coll1 s 1 on between a car and  a dummy reaui res a number of tests be
fore arr i vi ng at an acceptab l e res u l t .  I n  add i ti on , the s ti ffne ss of the neck 
of the dummy and that of i t s  shou l de r  i n  tes ts where the shoul de r touches the 
veh i cl e  at  the s ame t i me as the head modi fy the characteri s t i cs of the i mpact 
of the head compared w ith  that of a human s ubj ect . 

c )  Col l i s i on s  u s i n9 a cadaver - Recons tructi on of a col l i s i on between a 
�ar and a pedestr1 an us 1 ng a cadaver cal l s  for a s ubject the d imensi ons of 
wh i ch a re comparab l e  to that of the pedest ri an i n vol ved in  the acci den t .  A cer
tain  n umber of tests w ith  a dummy and  an  experimental head  wi l l  b e  req ui red to 
p repare the test with  the cadave r .  These vari ous q ues t i on s  h ave nct a l l teer 
answered ard tentati ve reconstructi ons are necessary i n  order tc cl ari fy pro
b l ems . lt i s  i n  s uch an atti tude that a number of the res u l ts of recon struc
ti ons are g i ver bel ow .  

4 . 5 . 1 .  �Qlli�iQQ_������Q_f�[- �Q9_e�9���ri�Q - The reconstruct ior  o f  a co l 
l i s i on between a car and a pedes tri an i n vo l vi n9 i rnpact of the head agai nst the 
ban n et h a ve a 1 ready been gi ven ( P ) . t·1i c roscopi  ca l ana l ys i s of the b rai n of the 
cadaver p repa red  i n  accordance wi th the method of i nject ion  used by the Peugeot
Rena u l t  Associ at ion  ( 12 )  was not at the t i me avai l ab l e  and are n ow p resented 
b e l ow ,  together wi th a bri e f  remi nder of the data obtai ned on a dummy head ( ta 
b l e  1 1 ) . 

i. ..... .  H I C  t?-tJ(HIC) Bonnet Head·Bonnet 
(n) (llS) dtfomation i.,,act •Pud 

("") (kll!h; 
- - - · · - - - - - - - - - - - - - - - - - ·  

� 260 713� 1r 52 4S 

Separatod hoad 160 R40 IP SJ 4S 

Cadaver i�� 47!1 10 46 49 

Accldent S? 

hhh i .  - Head·Bonnet t...,act Reconst'""cttOn (P.) 

The i nj u ry on the head of the pedes tri an i n vol ved i n  the acc i dent attri bu
ted to head- to-bonnet i mp act con s i sts o f  a fata l  s ubdural  hematoma . The  head of 
the cadaver di d ·not d i sp l ay vascu l ar  ruptures i n  the sect i on exami ned under a 
mi croscop e .  H owever , very con s i derab l e  d i s p l acement of the fi rst vertebra cou l d  
have res u l ted i n  fata l  i nj u ry by res pi ratory arrest . The h i gher H I C  cri teri a on 
the head o f  the cadaver and  that for the dummy matches what i s  gene ral ly obser
ved in eq ui va lent  i mp acts (OR rneas ured on the per imeter o f  the s k u l l , angu l a r 
acce l erati on) . On the other h and , the l ower i nj ury cri teri on correspon d i n g  to 
l onger i mpact on the separated dummy head i s  i n  contradi ct ion to the data of 
4 . 1 .  and is  not amen ab l e  to s i mp l e  i n terpretat ion . 

The absence o f  any detectab l e  b rai n i nj ury coup l ed to fata l  1 nJ u ry to the 
neck can be re l ated to the correspon d i n g  i nj ury cri teri on on the head of the 
cadave r :  . H I C  = 475 1 .  

I n  contrast , one cannot con c l ude i n  terms o f  i nj u ry cri teri a on the dummy 
head . 



4 . 5 . 2 .  �2ll!�!2� -��!���� -��r-��Q -�Qe�9 - A fronto-l ateral col l i s i on bet
ween a Renau l t  5 type car and a moped invo l v i n g  head-to-w indscreen i mpact was 
re const ructed w ith  a dummy . From the acci dento l og i ca l  data , the speed of the 
car can b e  esti mated as 40 to 50 km/h , and that of the  moped at  10  to 25 km/ h . 
Impact between the head and the fract ured tempered w inds creen re su l ted i n  a 
head i n j u ry of A I S  = ?. • ( non h e l me ted head)  

I n  the test w i th the dummy , the car , advanci n g  at a speed o f  45 km/h 
struck the moped wh i ch was advanc ing  at 2?. km/h . The traces and deformat i ons on 
the front of the car were comp arab l e  to that of the re a l - l i fe acci dents . An i m
pact between the head and  the fractured w i n ds creen ( H I C  = 884 ) occurred ( h ead
to-veh i c l e  i mpact ve l oc i ty :  32 km/h ) . An i mpact between the head and the tempe
red wi nds creen carri ed out � i th a separated head at a speed of 34 km/h d i sp l �� 
a severi ty of H I C  : 508 . 

An attempt was made to reconst i tute t h i s  acci dent wi th a cadave r .  Howeve r ,  
the i mp act of the moped was too o ff-centre from t h e  axi s of the veh i c l e  a t  the 
front and the pe l vi s  d i d  not stri ke the front face , res ul t i ng i n  a more hori zon 
tal traj ectory o f  the head and i mpacts agai nst  the upper cros s -member of the 
wi ndscreen ( head i mpact ve l o c i ty :  40 km/h , H I C  = 1 370 and � m  = 250 g ) . The i n 
j ury to the head o f  the cadaver res u l t i n g  from th i s  i mpact corres ponds to a 
fatal i nj u ry :  fracture of the s k u l l ,  w ith  very cons i dera b l e  vas cul ar ruptures . 

4 . 5 . 3 .  �Qll i�iQQ_��!���Q-��r-�Q9_�Qe�9 - Head-to-bonnet i mpact occurred i n  
a fronte- l ateral co l l i s i on between car and moped . The speed o f  the car cou l c  be 
estimated as 40 to 45 km/h from the acci dento l oq ica l  data . The i nj u ry to the 
non-h e l meted head corresponded to l oss of consci ousness at an A I S  l evel of ?. .  
The head struck the corner of the b onnet a l on�s i de the wi nds creen about � cm 
from the l i nes of j oi n t  between the wi ng and bannet and  the wi n �  and scutt l e  
near the shock absorber rod beneath the bonnet , perforat i ng the sheet metal  on 
impac t .  

An i n i t i a l  test a t  3 2  km/h w i t h  the Hybri d I I  head l ed to i ns uffi ci ent de
format i on of the bonnet . Th ree tests at 40 km/h res u l ted i n  deformati ons compa
rab l e  to that observed i n  the rea l - l i fe acci dent ( 40 mm) . The correspon d i ng i n 
j u ry cri teri a a re h i gh ( see tab l e  1 2 ) . The sti ff secti ons l ocated a few centi 
meters from the cen tre of impac� make recon struct i on a parti cu l arly de l i cate 
tas k . Accord i n gl y ,  t h i s  reconstructi on cannot be con s i dered  sati s factory , wi 
thout knowi n g  to what extent the shock abs orber rod or l i nes o f  j o i n t  between 
the w ing , the b on n et and  the s cut t l e  were i n vol ved i n  the i mpact ( c f .  the scat
ter o f  the  i nj ury cri teri a fo r i mpacts at the s ame speed) . However ,one can concl -
ude that the i mpact was p robably o f  a severi ty h i gher than H I C= lOOO . 
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Tab l e  12 - Head·Bonnet l�act Peconstruction With a Separa
ted Hybrid I I  Head. 

These few res u l ts o f  a tentati ve recons 
truct ion  emphas i ze t h e  di ffi cul ty of ex
peri mental  study of head-to-veh i c l e  i m
pact and the need to carry out a cons i de 
rab l e  number o f  tests i n  areas w i th a 
comp l ex structures to enab l e  the severi ty 
o f  a head-to-vehi c l e  i mpact to be asses sec 
i n  te rms of the i nj ury cri teri on on a 
dummy head . 
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5 .  CONCLUS I ONS .  
1 .  Head-to-car impact i s  s a i d  t o  cause 30  t o  40 % of  fatal i n j uries of 

a l l pedestri ans and a lmost 30 % of fatal i nj uri es of al l moped ri ders i n  Fran 
ce . 

2 .  Impact between the head and the 1 ower cross -member of the wi ndscreen 
frame and s cuttle  w i th the pedestri an and impact between the head and the upper 
cros s-member of the wi ndscreen frame w i th the moped are the mai n causes of hi gh 
ly seri ous and fatal i nj uri es w ith these traffi c users . 

3 .  Experimental study of head-to-veh i c l e  i mpact shou l d  enab l e  progress to 
be ach i eved i n  defi n i n g  the tol erance of the human head to i mpact and a l so  i n  
defi ni ng  a speci fi cat i on for the protecti on o f  the head .  

4 .  The head-to-veh i cl e  i mpact vel oci ty i s  d i stri buted around the col l i s i on 
speed w ith a certa i n  degree of scatter (m = 1 . 0 2 ;  o =  0 . 24 i n  1 6  tests with  a 
dummy , 2 tests w i th a cadaver and 3 tests wi th a mathemati cal model ) .  

5 .  The vel oci ty vector of the head on i mpact was i ncl i ned at an ang le  of 
74° ( �  = 14° ) on the s urface of the bonnet and 82° (& = 1 1 ° )  on th e wi ndscreer 
i n  tests w i th a dummy ( 16 cases ) and a cadaver ( ?  cases ) .  

6 .  The i n j ury cri teri a measured on the dummy head on i mpact (�max . ,  � TC ) 
are re l ated to the characteri s t i cs of the neck of the dummy . These i nj ury cri 
teri a were l ower or of the same order of magni tude on the dummy than on the se
parated dummy head in i mpact at the s ame speed . 

7 .  Experi mental head-to-vehi c l e  i mpact data i ndi cate a severi ty for impact 
between the head and the tempered or l ami nated wi nds creen of l ess than H I C  = 
1000 up to an i mpact or col l i s i on speed of 44 km/h , whether th i s  i mpact can be 
i n  the centre or corner of the wi ndscreen . Impacts of the head in sti ff zones 
(wi nds creen frame , l i ne of joi nt  between wi nqs , bonnet and scuttl e )  are severe 
or h i ghly severe above 3? km/h . The severi ty ot head-to-bonnet i mpact i n  zones 
capab l e  of a certai n amount of deformati on was bel ow H I C  = 1000 up to 40 km/h . 

8 .  Study o f  the head-to-veh i c l e  i mpact observed i n  real - l i fe acci dents by 
the exper imental reconstructi on  method i n  order to s how the re l at i onsh i p  bet
ween i n jury cri teri a and head i nj uries rai ses questi ons wh i ch have to be answe
red : the choi ce of an experimental head and the importance of the l i n k between 
the head and the thorax . The i n i ti a l res u l t s wou l d  show that a cons i derab le  
number of  tests i s  req ui red to  ach i eve mean i ngful resu l ts i n  study i ng any spe
ci fi c i mpact . 
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