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I ntroduction 
On September 197 7 ,  several European i nstitutions jo i ned together to establ i sh 
the Jo i nt B i omechanical  Research Proj ect ( KOB )  to study certa i n  probl ems i n  the 
f i e l ds  of pass i ve  safety , i n  part i cu l ar the b � omechani cal processes important 
i n  thi s context .  

The obj ecti ves and the research programmes ,  the organ i zat ion , the members and 
the funds were descri bed at the I I I d .  I nternat i onal  Conference  on Impact Trauma , 
1977 ;-1 7. 
The research work has been f i n i shed i n  May 1981 and the f i na l  report wi l l  be 
ava i l abl e i n  the next month s .  The who l e  test programme i ncl uded 18 reconstruc­
ti ons w i th 87 dummy- and 46 cadaver tests . Therefore i t  i s  qu i te cl ear,  that 
thi s l arge research proj ect has created a consi derabl e amount of data and de­
ta i l ed resul ts . 

I n  the fol l owing  paper i t  i s  on ly  poss i bl e  to present a sma l l  v i ew of the whol e 
work and on ly  some spec i a l  resu l ts .  Th i s  short vers ion was prepared on the 
bas i s  of a draft of the fi nal report wri tten by various authors ;-2 7. 

1 .  Frontal Reconstructi ons 
The d i ff i cu l t i es in reproduci ng impacts between two cars near ly  frontal and 
under sma l l ang l e  are substant ia l . Sma l l  variati ons i n  angl e ,  offset and speed . 
can cause s i gn i f i cant d i fferences i n  both the i nter ior  deformati on of the 
passenger compartment and the i nput pul ses transmi tted through the restrai nt 
system to the occupant.  W i th regard to th i s  and w i th respect that only  two 
accidents w ith mi nor i njur ies  of bel ted occupants were reconstructed , the fol ­
l ow i ng observati ons can be reported here : 
a ) I n  the case of  the dri v i ng pos i ti on there i s  the add i ti ona l  probl em of a 

head contact w ith the steeri ng wheel . The resu l ts show more forward move­
ment of both l i ve occupants and cadavers than wi th the dummy . Thi s i s  be­
cause of d i fferent ehest and neck character i st ics , the dummy bei ng more 
r i g i d  than the huma n .  There i s  a need demonstrated by these resu l ts for an 
i mprovement i n  the dynami c  response of the neck and thora� of the Hybr id  
I I -dummy for the  restra i ned cond i ti on .  

b )  For the ehes t ,  the res u l ts are of val i d  i nterest . The cadavers a l l  demon­
strated h i gher l evel of i nj ury than d i d  the l i ve occupants . Al l of the ca­
davers showed r i b  fractures whereas none of the l i ve occupants showed any­
thi ng for the ehest h i gher than A IS  1 .  There was an obv i ous  age effect de­
monstrated w i th the cadavers i n .compari son to the l i ve occupants and these 
may wel l be a sepa rate i nfl uence of bone strength as wel l .  There were no 
major i nthrathora c i c  i nj u r i es i n  e i ther cadavers or l i v i ng subj ects and 
i t  i s  c l ear  that r i b  fracture i s  the appropri ate type of  i njury for the 
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basi s of a thora c i c  protection cri teri a  for a bel ted occupa n t .  

c )  Apart from ki nemat i c  di fferences , the method of measurement of  head accel ­
erati ons and hence HIC  va l ues for cadavers was not very d i fferent from the 
procedure w i th dummi es . In the dummy the accel erometer was at  the centre 
of the head .  In the cadaver the accel erometers were mounted at  a sma l l  
d i s tance from the centre of gra v i ty and therefore d i rect compari sons be­
tween the deta i l ed resul ts for the two su rrogates shou l d  be made w i th cau­
t i on .  W i thout head i mpact the cadavers d i d  not show any head i nj ur i es and 
H I C  va l ues on cadavers a nd dummies were l ow .  The use of the H I C  for assess­
i ng fac i a l  i nj u ry is not appropriate .  

I n  genera l i t  was d i ff icu l t  to f i nd i n  frontal col l i s i ons moderate o r  severe i n ­
jured bel ted occupants i n  the data fi l e  of fou r d i fferent European teams o f  i n  
depth i nvesti gati ons . 

2 .  Lateral Reconstructi ons 

Thi s secti on of the KOB project has been most successful i n  demonstrat i ng the 
val i d i ty of acci dent reconstructi on . Car to car, front-to-side  col l i s i ons can 
be reproduced w i th con s i clerabl e  accuracy . Veh i c l e  pos i tion , a l i gnment , veh i c l e  
decel erati ons and i ntru s i on are the ma i n  parameters wh i ch i nf l uence the expo­
sure of the occupants to i nj u ry produc i ng l oads.  

F ive l ateral impacts were reconstructed . An  exampl e for the compar i s on between 
i nj uries  of a real acci dent v ictim and of the cadavers are shown i n  tab l e  1 .  
A scatter of  the observed thorax i nj ur i es i s  apparen t .  

I n  genera l from the resul ts o f  the cadaver tests i s  a ppears that the presence 
of the arm and shoul der between the s i de of the car and the thorax i s  a s i gni f­
i cant factor i n  l oad  di stri but i on and absorpt i on . Thus i t  i s  i mportant that any 
dummy used to s imul ate the l atera l l oadi ng of the thorax ought to have an arm 
and shou l der l i n kage.  

The resul ts u s i ng the Hybri d I I -dummy g i ve a c lear concl u s i on t hat  it is  un­
sui tabl e for l atera l impacts . Therefore no rea l i stic  protecti on cri teri a for the 
head and thorax can be defi ned . The absence of  a ppropri ate thorac i c  defl ecti on , 
together with  unrea l i stic  neck and shoul der res ponse res u l t  i n  k i nemat i cs q u i te 
d i fferent from e ither cadavers or l i vi ng peopl e .  Consequentl y  the ou tput res u l ts 
for the head and thorax with the Hybri d I I -dummy are q u i te unrea l i st i c .  

W i th the head part i cul arly i t  i s  o f  i nterest that i n  some i nstances there was 
no head contact at a l l  because of the r i g i d i ty of the neck and shoul der l i n kage.  
I n  the case of  cadavers the head fol l ows a l ateral path w i th l i tt l e  rota t i on 
i ni ti a l l y ,  i nd i cati ng only a smal l constra i nt bei ng a ppl i ed through the nec k ,  
a l though a t  a l ater part o f  the l a teral d i s p l a cement s i g n i f i cant rotat i on o f  the 
head may occu r .  

A smal l number o f  tests were conducted wi th an advanced l a teral impact dummy 
(APROD 80 ) .  The res u l ts i nd i cate that i t  i s  c l early  pos s i b l e  to deve l op a dummy 
wh ich  has the correct compl i ance fpr the thorax i n  compa ri son to cadaver resu l ts .  
Al so the APROD 80 a ppears to offer a better reproduct i on of head mot ion  a nd 
further devel opments of the neck and shou l der res u l t  i n  a test devi ce wh i ch can 
be used for rea l i s t ic  reproducti on of  head moti on , head accel eration  and thorac ic  
defl ect i on . 
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The most i nterest i ng conc l us i ons are a s  fol l ows : 

a )  The k i nematics  of cadavers and l i v i ng peo p l e  show good correspondence . Thus 
compari sons of outputs between cadaver response and l i v i ng peopl e a re val i d .  

b )  For the head , H I C  val ues wel l above 1000 , measured o n  cadavers , showed an 
absence of i ntracran i a l  i nj u ry . The res u l ts suggest that a tol erance l evel 
more than 1 500 for the H I C  may wel l be appropri ate . But i t  wi l l  be necessary 
to consi der a l so angu l ar accel erati ons as wel l .  

c )  For the thorax ,  a defl ecti on of 30% correl ates w i th mu l ti p l e  r ib  fractures 
i n  cadavers . However i n  d i scuss i ons i t  was poi nted out that the exact time 
of r i b  fractures i s  not known . Therefore the corre l at i on between defl ect i on 
and rib  fractures must be stud i �  i n  further i nvesti gati ons . Work outs i de 
thi s project suggests that cadavers may d i s p l ay more i nj ur i es then do l i v i ng 
peopl e for the same defl ection  even when a l l owance i s  made for age and other 
factors . Hence the work here suggests that a defl ecti on cri teri on of 30% 
wou l d  be a conservative one . 

d )  For the pel v i s ,  the i ndi cations from the dummy and cadaver resu l ts are that 
a va l ue above 100 g (wi thi n 3 ms ) woul d  be an  a ppropri ate cri teri o n ,  but the 
number of resu l ts makes this  concl u s i on tentative .  
lt  i s  an  unsol ved questi on whether accel eration i s  the r ight  parameter . l t  
cou l d  be that the space between door and bel t l ock rema i n i ng after a s i d e  
col l i s i on i s  more important i n  produ c i ng pel v i s  i njuri es . Th erefore measur­
i ng compress ion  forces cou l d  be a ppropri ate.  

The reconstructi on programme demonstrated substantia l  benefi ts i n  the cl ass  of 
l a teral col l i s i ons  i nvesti gated here from the use of seat bel ts . Thi s appl i es 
to both sea t i ng pos i ti ons , on the struck and the none-struck s i des . For the 
none-s truck pos i ti on it is cl ear that the pel v i c  restra i nt prevents l atera l 
moti on and contacts , and hence the transmi s s i o n  of forces i nto the occupant on 
the struck s i de .  Thus a seat bel t benefi ts both the person u s i ng it and the 
person i n  the adjacent sea t .  Secondl y ,  for the occupant on the struck s i d e  
wi thout a bel t ,  substant i a l  travel of the head o u t  through the s i d e  wi ndow was . 
observed . That motion can res u l t  i n  contact on the bul l et car or i n  s i gn i fi cant 
rotati on wi th the potenti a l  for i njury .  The use of a seat bel t d i m i n i shed the 
chances of those phenomena occuri n g .  

3 .  Pedestr i a n  Reconstructi ons 

N i ne pedestri an acci dents were reproduced . In  the fol l ow i ng tabl e a compari son 
between dummy and cadaver tests for accel erat i on va l ues of the head , thorax 
and pel v i s  are g i ven .  
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Dummy tests 

Head Thorax Pe l v i s  

primary 113  41  66  
impact 92 49 6 1  

1 87 39 56  

secondary 63 23 27 
impact 48 48 1 9  

35 67 24 

Tab l e  2 :  Res u l tant accel erati on/ 3 ms 

Cadaver tests 

Head Thorax Pel v i s  

146 65  188 
130 78  1 18 
100 85 70 

120 24 224 
59 58 46 
35 59 19 

Thi s fi gure g i ves  the res u l ts of one of the reconstructed cases ; a l so here the 
variati ons of the 3 ms va l u e  i s  a pparen t .  

I n  order to demons trate the ki nemati c s  of cadavers and dummi es the fol l owing  
f i lm  i s  shown . 

The reasons for the d i fferent ki nemati cs between the l i v i ng person or the ca­
davers on the one hand and the Hybrid  I I -dummy on the other are as fo l l ows : 

a )  D i fferences i n  dynamic response of the pel v i c  regi on 

b )  Di fferences i n  the rotational  response about a vertica l  a x i s  i n  the l umbar 
reg i on ;  Hybrid  I I  be ing  much s t i ffer 

c )  D i fferences i n  the nec k and shoul der compl i ance , the dummy has a much stiffer 
shoul der i n  compari son to the human , th i s  can have a maj or i nfl uence on the 
head vel oc i ty at contact 

d )  Di fferences i n  the thorac i c  compl i ance , the Hybri d II i s  known to have a 
thorax wh i ch i s  too st iff .  Thi s i nfl uences the nature of the head and ehest 
contacts . 

The general conc l u s i ons of the pedestrian  reconstructions are : 

a )  A Hybrid  I I -dummy used i n  the pedestr i a n  mode gi ves surpri s i ng ly  repeatabl e  
res u l ts when one dummy test i s  compared to another. Thi s concl us ion  shou l d  
b e  qua l i fi ed by sayi ng that the nature of the head contact zone greatly i n­
fl uences the outputs from the dummy , so that even very smal l vari at ions  i n  
the head traj ectory may i nfl uence the output res ponses greatl y .  However , the 
ki nemati cs of dummi es a ppear to be very repeatabl e .  

b )  An i ncompata bi l i ty normal l y  exi s ts i n  attempt i ng to reproduce a l l the acc i ­
dent characteri sti cs . I f  a n  i mpact speed was cal cu l ated from the acci dent 
data , based on an establ i shed poi nt of i mpact , s k i d  marks and poi nts of rest 
of the car and pedestri a n ,  then reproducti on wi th a Hybr i d  I I -dummy consi st­
ently gave d i fferent contact zones on the car. Th i s  occurs even when a l l ow­
ances are made for di fferences i n  stature . The dummy con s i s tently gi ves a 
head contact zone c l oser to the front of the car for a g i ven i mpact s peed i n  
compari son to both cadavers and the l i vi ng person for cars w i th a s i g n i f i cant 
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forward edge to the bonnet .  

c )  The nature of the bannet forward edge contact i s  cri t ica l  i n  effect o n  the 
head and ehest traj ectori es and vel oc i t i es .  Dependi ng des i gn of the car ,  
thi s can  be  of  greater or  l esser i mportance ; some such  as the VW Beet l e  do 
not have a s i gn i f i cant bonnet l eading  edge . 

The protection of pedestrian  v i a  change of the car exterior  needs further re­
searc h ,  spec i al l y  the devel opment of an appropri ate pel v i s  and l umbar spi ne of 
the dummy . 

4 .  Concl u d i ng Remarks 

C l ear ly  a research programme of the magnitude demonstrated i n  thi s report con­
ta ins  many spec i f i c  res ul ts and concl us ions . The KOB Steeri ng Commi ttee hopes 
that the materia l  presented here wi l l  1be revi ewed i n  deta i l  by a l l i nterested 
organ i zati ons and i nd i v i d ua l s ,  and th� data wi l l  be used to further our know­
l edge on human tol erance l im i ts and the means of spec i fy i ng appropriate pro­
tec t i on cr i teri a .  However the res ul ts i ndi cate very c l ear the neces s i ty to 
bu i l t  more real i st i c  dummi e s ,  spec i al l y  for s i de- and pedestrian  reconstruc­
tions . The use of improved dumm i es i s  .hel pful to defi ne appropri ate protecti on 
cri ter i a .  
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