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ABS T ?.P.C':' 

The re lationship betwee� i n j ury s e ve r i t �  cn the � I S  ( abbreviated 
i n j u ry s c a le ) and one o f  t he characte r i s t i c s  d e s ignat i ng a c c i dent 
s e ve r i t y  was inve s t igated on the b a s i s  o: EO vehicle-ve h i c l e  s ide 
c o l l i s i ons . The inj ury severity curve cbtained in t h i s  way was 
compared with the corre soo!1d i ng curve :�r dwr.my load values in 
order t o  arrive at a cor r e l ation betwe e n  i n j ury s everity and 
dummy l oading . The d ummy loading va l u e s  ·tJe r e  in t h i s  c a s e  d e t e r ­
mined by t h e  u s e  o f  mathema t i c a l  mcde l s  w h i c h  � a d  b e e n  c a l ibr ated 
by means of the r e s u l t s  o f  expe r imenta l t e s t s .  

INTRODUCTION 

The mechan i c a l  loading value s measured for t e s t  dummi e s  i n  crash 
exper i�ents presently form the bas i s  :or t h e  evaluation o f  t he 
c r a s hworthin e s s  o f  motor vehic le s .  T he functional r e l at i on s h i p 
b e tween dummy loading and actual i n j ury s e ve r i ty i s , howeve r , 
for the most part unknown . At the p r e s e n t  t ime , the t o l e ra t i on 
l im i t s  for the human body ä e f ined a s  l o ng ago as 1 9 7 0  to 1 9 7 2  by 
the Ame r ican government i n  Federal �!ot o r  Veh i c l e  Safety S t andard 
( FMVS S )  208 are s t i l l  a c cepted . On the b a s i s  cf more recent 

knowledge g a i ne d  i n  the f i e lä o f  b i omechan i c s , however , the s e  
values have been c a l l ed i n t o  aue s t ion : r om var ious s ide s .  The 
f igure s i n  the above S t anäard ; morecve r , repre s e nt only the l imit 
value s for mechan i c a l  loading leading t o  fatal i n j ury . The 
corre lation between load ing and i n j ury in the subc r i t i c a l  area -
knowledge c f  whi ch i s  urgently nec e s sary for the optim i z ation 
o f  p a s s ive safety - i s  yet to be found . The attempt is made in 
the f o l lowing to e s t a b l i s h  this re l a t i o n s h i p  by means o f  the 
c ompar i s on of i n j u r i e s  occurr ing i n  actual accidents w i t h  äummy 
loading values obtaine d  by CCQ�utat ion . 

I n j ury seve r i t i e s  for ind i vidual b od i l y  par t s  a s  a func t i on o f  
accident charac t e r i s t i c  value s were d e t e rmineC. :rom 6 0  lateral 
c o l l i s ions a r i s ing from actual vehicle a c c i dent s and were 
s eparated according to o c cupants in the veh i c l e s t ruck , and in 
the vehicle striking . By �eans o: �athemat i c a l  s imulation �cd e l s  
which have been c a l ib rated w i t h  t�e r e s u l t s  c f  expe r i�ental 
test ing , the r e l a t i o n s h i:: between du:nm�' loadins and a c c i de!:t 
seve r i t y  was deterffiined . ; � e l at i o� s hi ?  be twe e !": i n j ury s e v e r i t y  
and dummy loading c a n  be s hown b y  ::-.eans o f  compari son c ::  i: :-.e two 
curve s .  
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INJURY SEVERITY 

The acc ident data used as bas i s  for t h i s  inve stigat i on were 
c o l lected from 60 vehic le-vehic le lateral c o l l i s ions invo lving 
occupants us ing s afety belt s . The se c o l l i s i on s  were s e l e cted 
from a total of approximately 1 7 00 in-depth cases studied by the 
Technical Unive r s ity of Be r l i n  and the Medical Col lege of Hanover . 
The se col l i s ion data were as sembled directly at the acc ident 
sites by research teams in Berlin and Hanover working under a 
s tudy directed by the Bundesanstalt f�r Straßenwe sen ( G e rman 
Federal Inst itute for Roads and Highways ) .  

In order to restrict the d i s tribut ion o f  the inj ury dat a , only 
those lateral c o l l i sions were selected which f u l f  i l l  the 
aditional condi t ions shown in F ig .  1 as fol lows : 

only car-car-s ide c o l l i s ions 

impact area between A- and C -o i l l ar 

impact ang le between 2 - 4  o ' c lock and 8 - 1 0 o ' c lock 

10/ 
/ 
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......., 

car B 

0 0 '° 

Fig . 1 D e f init ion o f  the s ide impact 

In a l l  the lateral c o l l i s ions thereby chosen for analys i s ,  the 
main deformation of the veh i c le struck l i e s  in the compartment 
are a .  Lateral co l l i s ions in the area o f  the front and rear axle , 
which result in d i f ferent loaäs on the occupant s ,  were there fore 
not cons idered . 

The c o l l i s ion ve l o c i t i e s  anc changes in speed o f  the veh i c l e s  
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Number o f  

A VB AIS (head) 

m/s 0 1 2 3 4 5 6 0 1 

o- 4 1 0  5 1 1 5  1 

4 - 8 2 9  1 2  4 3 6  7 

8 - 1 2 1 7  7 6 2 20 1 0  

1 2 - 1 6  2 4 1 2 1 
1 6 - 20 1 2 1 1 

> 20 

Table 1 :  1 0 4  occupants i n  the striki�g car 

Number 

µ - vB AIS (head) 

m/s 0 1 2 3 4 5 6 1 0 1 

o- 8 1 0  6 2 5 5 

8 - 1 6  1 0  5 3 9 5 

1 6 - 2 4  3 2 2 4 2 

2 4 - 3 2  1 2 2 

3 2 - 4 0  

> 4 0  

AIS 

2 

2 

1 

1 

2 

oi 

AIS 

2 

7 

2 

1 

I n i ur i e s  

( e he s t )  

3 4 

1 

1 1 

1 

I n ; u r i e s  

( c r.e s t )  

3 4 

1 

1 

Table 2 :  4 6  occupants in the struck car (near side) 

5 

1 

5 

2 

Nurnber o f  :::n j u r i e s  

/lvA AIS (head) AIS ( e h e s t )  

m/s 0 1 2 3 4 5 6 1 0 1 2 3 

o- 4 6 s 1 
4 - 8 1 4 5 7 2 1  4 1 

8 - 1 2  9 1 0  1 1 1 3 s 2 

1 2 :. 1 6  2 1 1 

1 6 - 2 0  2 1 1 

> 20 1 , 2 

Table 3 :  5 1  occupants i n  the struck car C o f f  s i d e )  

. 4 5 

1 

AIS ( p e lvi s )  

6 0 1 2 3 4 5 6 
1 3 3 

37 7 1 

2 3  8 1 

3 3 1 

2 2 

AIS ( p e l v i s )  

6 0 1 2 3 4 5 6 

8 7 3 

1 2  1 2 1 1 1 
4 1 1 1 

1 1 1 

AIS ( p e lv i s )  

6 0 1 2 3 4 5 6 

6 

2 5  1 

, 3 5 1 1 1 

1 1 

1 

2 
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were r e c o n s tr u c ted by mean s o :  a compu t e r  prog ram a t  t he 
T e c hn i c a l  U n i v e r s ity o f  E e r : i n , w i t h  c o n s ide rat i on b e i ng t ak e n  
o f  t h e  p o s t - c r a s h  !'!'1 0 t i o n  and o f  t h e  'lel:: i c l e  d e f orma t i on ( 1 )  . 

The i n j u r i e s  o f  the o c c u p a n t s  i n  t�e s t r ik i n g  v e hi c l e  w e r e  
p l o tted over t h e  change o f  v e l o c i t y  6. VB o f  t h e  ve h i c l e . The 
i n f  luence of t he ma s s  ratic and cf the c o l l i s i o n  v e l o c i ty on 
the i n j ury s e v e r i t y  is i n c luded in t h i s  charact e r i s t i c . 

In the s truck v e h i c l e , the cccu ?ant i n j u r i e s on the v e h i c l e  
co l l i s i o n  s i de and o n  the s i de oppo s i t e  the c o l l i s i on w e r e  
s e p a r a t e l y  c o n s idered . As � a s  t e e n  demon s t r a t e d , the i n j u r y  
s e v e r i t y  o f  the occupant on t h e  c c l l i s i o n  s i de i s  s t r o n g l y  
dependent on t h e  r i g i d i t y  r a t i o  o f  t h e  f r o n t a l  and l a t e r a l  
ve h i c l e  s tructure ( 2 ) . Under t h e  a s s lli�� t i on t h a t  s t ru c t u r a l  
r ig i d i t i e s  a r e  approximat e l y  ;::- r op o r t i o n a l  t o  ve h i c l e  ma s s e s , 
the p r oduct o f  the m a s s  r a t i o  and the c c l l i s i on ve l o c i t y  
µ • v s  i s  a n  i n j ury- s � e c i f i c  c h a r a c t e r i s t i c  f o r  t he oc cupant 
s it t ing cn the c o l l i s i on s id e . 

T he i n j u r i e s  o f  the occupan t s  c n  t � e  s i ce O?p o s i t e  t h e  c o l l i s i o n  
have b e e n  repre s ented a s  a : un c t i o n  c f  t h e  v e l c c i ty o f  t h e  s t ruck 
veh i c l e  6. VA • 

T a b l e s  1 to � show the � n j ury f r equen c i e s ,  broken down b y  
oc cupan t ?OS i t ion , i n j ury s e v e r i t � , and c harac t e r i s t i c  v a l ue . 
I t  i s  e v i d e n t  that f o r  a c c n s t a n t  c � a r a c t e r i s t i c , a b r o ad range 
of i n j ury s e ve r i t i e s  s t i l :  o c c ur s . A n a rrowing -down of t h i s  
s p re ad i s  p o s s ib l e  c n l y  be �e a n s  c f  f u r t he r  c l a s s i f i c at i o n  o f  
the a c c i d e n t  mater i a l ,  e . g . , a c c o r d i n g  t o  ang l e  o f  c o l l i s i on , 
i n i t i a l  ve l o c i t y  o f  the s t r �ck veh i c l e  v� , o c cupant phy s i o logy , 
e t c . ':' h i s  i s , howeve r , not �') o s s i b l e  w i t �  the sma l l  numbe r  o f  
c a s e s  ava i l a b l e  f c r  s t udy . � he number o :  1 0 4 o c c uo an t s  i n  the 
s t r i k i n g  ve h i c l e s  is j u s t  b 3re l y  s u f f i c i ent t o  d e t e rm i n e  a 
tendent i a l  d e p e ndence o f  A : s  i n j ury s e v e r i t y  on ve l o c i t y  
change � v8 . With s r e a t e r  i n j ury s e ve r it y , howeve r , t � i s  
d e t e rmi n a t i o n  become s more and �ore un c e r t a i n  o n  t h e  b a s i s  o f  
the sma l l  number o f  i n j ur i e s .  

Be c a u s e  o f  the s ep a r at ion o f  o c c u p a n t s  i n  the s t r u c k  v e h i c l e  
a c c o r d i ng t o  c o l l i s i on s i d e  and s i de o�D o s i t e  t h e  c o l l i s i o n , 
the number o f  i n j u r i e s  i s  reduced app r o x imate l y  by h a l f , w i t h  
the r e s u l t  t h a t  a dependence cn t h e  s pe c i f  i c  c h a r ac t e r i s t i c  
( µ  · v3 o r  � vA ) can h a r d l y  s t i l l  b e  � e t e rm i ne d .  

An e v a l uat i o n  o f  t�e d a t a  a�d c o�o a r i s o �  with c o r r e s p o n d i n g  
curve s f or dummy loading ·„· 3. .:... u e s  s ::-. a l l  ":: e o e r f c rDed l a t e r . 

DUM..1'1Y LOAD IN G S  

T he deoenden c e  c f  t r·_ e  dWL"':1:· �- c a c � �':"' ' ": . .:. ..:.e s  o n  +:::e s ::i e c: i .: .:. c 
c ha r a c t e r i s t i c s  w a s  d e t e r� .:. � e �  � .:. t �  ��e a i d  c �  �at �ernat i c a l  
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mode l s .  I n  t h i s  c a s e , e x i s t i ng data c n  expe r imental t e s t s  ( two 
900 crash t e s t s  with ALDER SON durmnie s , VIP 50 � ,  per formed by 
VOLKSWAGEN) s e rved a s  points o f  support for the p lo t s  sought ( 3 )  
The input pararne t e r s  o f  the mode l s  were coordinated i n  such a 
way that the support ing points were s u f  = i c i en t l y  exactly repro­
duced . The mat hemat i c a l  mod e l s  then orovided the c l osed curve 
? l o t s  by interp o l at ion and extrapol a t i o n . 

Fig . 2 s hows s imulaticn �ode l s  app l i ed . Two-dime n s ional mode l s  
were invo lved , with t h e  r e s� l t  that o n l v  the p e rpend i c u l ar 
c o l l i s i on could be s imulated . 

striking car struck car 

F i g . � �at�e� a � i c a l  �od e l s  

�he mcveme�t o �  the t�c ve n i c � e s  was d e s c r ibed b y  mean s o �  -

3 -mas s  s y s t em v1it.!-. � C. e c; r- '2 e s  o :  f ::- e edom , t11 it 1"'1 c on s idera�ion 
being taken o f  the r e l at i� e  mcvernen� o f  the l a t e r a l  struct�re 
( intrus i on ) . T he e s s e n t i a :  � n ?ut �uant i t i e s  are the ve h i c le 

ma s se s , the structura l r ig ic i t i e s , and the c o l l i s i on speed o f  
the strik ing veh i c l e . The v e l o c i t ?  o f  the struck ve h i c l e  a t  the 
point in t ime c f  the c o l l i s i o n  was z e ro . 

The react ion o f  t�e o c cu�ant s to c tans e s  in the veh i c l e  movement 
value s wa s determ i �ed w i t h  the aid c f  rod sy stems with �oint 
ma s s e s  and swive l j o i n t s . �he occupant contcurs we re represented 
by c i r c le s and e l l i p s e s . �he o c c ��ant nod e l  in the s t r i Y. ins 
vehicle c on s i s t s  c f  3 �as s e s  �ith i s  degree s o f  freedom , 
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while that i n  the s t ruck vehicle has 4 mas s e s  with 6 degrees 
of freedom . 

By means o f  the mathema t i c a l  mode ls , the occup ant loading v a l u e s  
for four d i f ferent mas s r a t i o s , e a c h  at f ou r  c o l l i s ion veloc i t i e s , 
were calculated . As sumpt i o n  was made that the r ig i d i t i e s  o f  the 
vehi c l e  structures change in proport ion to the v e h i c l e  m a s se s . 
Fig . 3 shows the path o f  force charac t e r i s t i c s  o f  the vehicle 
structure s f o r  the mas s e s  chosen . The mass of the s t ruck ve h i c le 
was kept c o n s t ant . The mas s rat ios are µ = mB /mA = 0 . 7  / 1 . 0  / 
1 . 2 6  / 1 . 5 5  and the c o l l i s i on veloc i t i e s  are v8 = 2 5  / 4 0  / 5 5  / 
7 0  km/ h .  

t 1.5�-- -
:z 1.01---- --· 

C> C> C> 1,5 C> C> 
...... 

• 
u.. 1,0 

QJ u L.. 0,5 0 
...... 

0.1 0.1 O.l 0.4 
deflect1on s 

o front structure 
o s1de s truc ture 

m94, 1 315 kg 

�.5 ;,6 1 m 1  

F i g . 3 Force d e f  lect ion c ha r ak t e r i s t i c s  o f  car 
st ruktures 

COMP�.RS ION DUMMY LO�.DINGS - INJUP.IES 

F i g s . 4 and 5 s how the durnmy loading v a l u e s  d e t e rm ined by the 
s imulation mode l s  and the i n j ury seve r i t y  for head , e h e s t , and 
pe l v i s  obta ined from the acc ident an a l y s i s  i n  dependence on the 
s pe c i f i c  acc ident characte r i s t i c s  AVB and µ • v8 . The curves 
of i n j ury sever ity were thereby determined from � a b le s 1 and 2 
by taking the a r i thme t i c  m e an o f  the charact e r i s t i c  values per 
AIS c l a s s . Because of the sma l l  nu.mber o f  s e r i ou s  i n j ur i e s , the 
p l o t s  above AIS 3 are no longer re l i ab l e , with the r e s u l t  that 

:-
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no suf f i c iently accurate conclusions can be made concerning the 
loading lim i t  values . 

The scale o f  ordinates in the d i agrams was chosen in such a way 
that the loading lim i t s  defi ned in FMVS S 208 correlate with 
the AIS 6 fatal i n j urie s .  In this case , the c r i t i c a l  9elvis 
acce leration was f ixed at 1 00 g ,  since no loading l imit values 
are avai lable for the pe lvi s .  F i g .  4 shows the results for the 
occupant in the s tr ik ing vehic le : the curve for head i n j uries 
coincides approximately with the calcu lated loading curve , but 
obvious deviations occur for the ehest and pelvis . An AIS 3 
inj ury severity thereby corresponds approx imately to a head 
l o ad of H I C  = 500 , to a ehe st load o f  S I  = 2 5 0 , and to a 
p e lvis acceleration o f  6 5  g .  

The tendency may be derived from the plots that the loading 
limits of H I C  = 1 000 measured in tests on the dummy were set 
too low , and that S I  = 1 000 for the ehe s t  was set too hig h .  
Extremely great pelvis acce leration values o f  the dummy agree 
with minor inj ury severity : this demon s trates the high l imit 
loading of the p e lvi s .  

The results for the occupant on the c o l l i s ion s ide o f  the struck 
vehic le are s hown in F ig . 5 .  A relationship between loading 
values and inj uries may no langer r e l i a b ly be determined because 
o f  the too wide spread o f  the inj ury data and the smal l  number 
of cases ava i lable for study . 

The extremely great pelvis acceleration values even for low AIS 
values were apparent here as we l l . 

SUMMARY 

The relationship between i n j ury sever ity and accident characte­
r i s t ic was deterrnined from 60 vehi c le-vehic l e  lateral c o l l i s ions 
with the main de forrnation in the pas senger compartment are a .  
Breakdown was thereby made into occupants i n  the striking and in 
the struck vehi c le . 

I n  addition , the dependence of the dummy load i ng values on the 
acc ident characteristic values was deterrnined by s imulation 
models c a librated from crash tests . 

The functional re lationship sought between inj ury severity and 
dummy loading c an be found only with the aid of a greater number 
o f  cases and by restrict i o n  of the spread of the data on occupant 
inj uries through further c l a s s i f icat ion o f  the accident data 
according to c o l l i s ion ang le , vehi c le type , occupant phys io logy , 
etc . 

The fol lowing b a s i c  tendencies could , however , be determined : 
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The presently app l ied loading values requi re more exact 
determination . 

The maximum permis s ib le 9elvis acce leration probab ly l i e s  
i n  the order o f  magnitude of 1 00 g .  

The dummy loading values 
severity as 

head : 

ehe st : 

pelvis : 
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