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Nowadays , limit values of mechanical quantities which are measured 
with dummies are used as pas senger protection cri teria during 
development and design approval tests on vehic le s .  These l imits 
are based main ly on experiments with animals or corpses . 

A method which shows a direct relationship to real accident 
phenomena i s  app l ied to validate the b iomechanical limit values 
which , up to now , are only roughly or partly known . I n  this 
method , correlations b etween passenger stres s  values and the 
s everi ty of injuries in real accidents are determined for pass
engers wearing s afety belts i n  frontal and lateral col l i sions on 
the basis of Equivalent Accident Characteristics by experimental 
tests , s imulation calculations and statistical evaluation o f  
c arefully docunented real acc i<lents .  The relationship between 
the severity o f  i�j uries and the mechanical load thus obtained 
enables the relevant dummy pro tection criteria to be determined in 
a s imple manner while taking i nto account predetermined i n j ury 
criteria ( e . g .  AIS 3 ) . I t  becomes clear that the method for the 
validation of protec tion criteria pre sented here can be extended 
in depth (with regard to the method)  as we l l  as in latitude (with 
regard to other types of accident)  by the comb i nation of 

- experimental and computer s imu lation and of 
- real acc ident data . 

INTRODUCTION 

Up to now , the method used i n  eva luating measures for improving 
the crashworthiness was to demons trate a reduc tion of dummy 
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loading in experiments . Conclus ions d educed from these , can , 
however , only be of a qualitative nature since : 

- experimental tests are , as a rule , only carried out for a 
certain range o f  accident severity ( e . g .  frontal barrier impact 
with v .  t = 50 km/ h ) , in order to be able to make comparisons impac 

and 

- the legally prescribed protection criteria / 1  , 2 / are only de
fined by their limits ( e . g .  Head I n j ury Criterion HIC = 1 000 ) 
( F ig . 1 ) . 

Present-day biomechanics res earch involve s ,  apart from aims such 
as the explanation of accident mechünisms or the development of 
realistic dummie s ,  the defini tion o f  suitable inj ury criteria 
according to type and severity , as wel l  as the determination of 
corresponding protection criteria . I n  this , the limit values , 
which are mainly based on component tests on living animal s  and 
human corpses , characterize the probability of a c ertain inj ury 
( F ig . 2 ) . 

With respect to the state of knowledge achieved at present , this 
s t i l l  being unsatis fac tory , however , the conclus ion was reached 
that two aspects must be taken into account in all cases : 

1 .  the living human being , and 

2 :  the real accident situatio n .  

This state o f  a f  f airs is  largely respected in the re lation be
tween the s everity of injuries of human occupants of vehicles 
and the mechanical loads on mathemat ical pas senger models as will 
b e  d escribed i n  the following contribution , in which the causal 
re lationship between the real accident events and computer s imula
tion as based on experiments is e s tabli shed . 

THE METHOD OF EQUIVALENT ACCI DENT CHARACTE RISTICS 

This method1 which is applicable to a l l  imaginable types of 
acc ident , as long as these can be s imu lated on a computer , has 
a lready been described in / 3 /  and / 4 / . I n  / 5 /  and / 6 / , first 
results concerning frontal and lateral collisions were descr ibed , 
so that only the essential aspects o f  the method are to be ex
plained here ( Fig . 3 ) . 

The dummy loading , DL , determined by s imulation , i s  compared to 
the inj ury severity AIS (Abbreviated I n j ury Sca l e )  on the basis 
of the Equiva lent Acc ident Characteristics , which describe the 
s everity of certain types of collision . 
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EXPERIMENTAL AND CALCULATED S IMULATION . I t  would be f inanc ially 
impo s s ible to carry out tests for determining the durnrny load i ng 
through the whole range of reali stic accident sever i ty ,  so we 
must limit ourse lves to a few such tests , which then , however , 
form the basis for the calculated s imulation . The load on the 
mathematically described vehicle occupant is determined in the 
case pre s ented here using the TUB mathematical models ICMF+ ) for 
frontal collisions and I CMS+ ) for lateral collis ions , on.Ty 
frontal col l i s ions being cons idered i n  the fol lowing . 

I n  order to adapt the computer mode l , acceleration-time curves of 
sled- and crash tests carried out by the VOLKS';.JAGJ.'lJ�'lERK AG are 
used as a bas i s , i n  that computer results , a l so i n  the form of 
acceleration-time curve s ,  are fitted to the exper imental results 
by suitable variation of the model parameters . 

Calculations in the realistic accident severity range are based 
on the as sumption of various initial condit ions .  

THE EQUIVALENT ACCIDENT CHARACTERI STIC describes the acc ident 
severity and combines all the values relevant to loading and 
injury . Since these are used as a basis for compar i son both i n  
simu lation and i n  the field of real accidents , ( F ig . 3 ) , the 
pos s ibilities of application of certain elements are l imited due 
to acc ident data which cannot be specified . For this reason , in 
a frontal collision , the speed change 6v i s  still  g iven as a 
criterion , although we know ( e . g .  from / 7 / ) , that the mean cell
deceleration has an influence on the accident sever ity and thus 
on the durnrny loading , which i s  by no means unimportant . I n  
addition to this , the i ntrusion could also b e  a re levant acc ident 
sever ity parameter . 

ACC I DENT ANALYSIS . The i nves tigation of accidents is based on 
approximately 9000 analyzed car-to-car col l i sion s , the material 
being obtained from the HUK-Verband . For frontal collisions with
out o f f s et , we have a total of 3 1 8  cases of occupants wear i ng 
safety belts , partly from the above-mentioned source and partly 
from add itional accident research material obtained from the 
Unfallfor schung MHH/TUB ( Acc ident Research Organiz ation -
College of Medic ine , Hanover/Technical Univer s ity , Berlin) . From 
this material we deduce the d ependence of the i n j ury sever ity 

+ )  ICMF/S : Insassen-Crash-Mechanik-Rechenmodell für Frontal-/  
Seitenkollisionen 

-

(occupant-Crash-Mechanical-Calculating Program for 
Frontal/Side Collisions ) 
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on the Equivalent Accident Characteristic . 

THE RELATIONSHIP BETWEEN THE DUMMY LOADI NG AND THE SEVERITY OF 
THE INJURY is determined by the elimination of the Equivalent 
Acc ident Characteristic ( F i g .  4 ) . The l imit curves g iven indi
cate the scattering encountered in the accident analysis . This 
i s  due , on the one hand , to the l imitation of the accident 
character istics to " accessible"  parameters , and on the other hand , 
to a larger exten t , to the scattering of the '' interna l "  parameters , 
such as age and cons titution of the pas sengers , their po s ition 
before the accident , vehic le-spec ific character i s tics , intrusions , 
among other factors . The scatter descr ibed by the upper and 
lower l imit curve embraces 90% of all cases in our evaluation , 
which will be descr ibed in more detail later , and can there fore 
be regarded as very wide . 

SPECIAL FEATURES OF THE METHOD AND POSS IBILITIES OF IMPROVING 
THE PROCEDURE 

The d i f f erence of thi s  method to others lies in the fact that it 
does not have the determination o f  the human l imits of tolerance 
as its  aim , but that it opens up the pos s ibility of correlating 
dummy loading values to the severity of inj ury of inj ured vehicle 
occupants , this correlation even being possible particularly in 
the subcritical range . 

The method of Equivalent Accident Character istics described here 
d i f  f ers from the biomechanical procedures which have become known 
recently in the fol lowing a spect s ( Fig . .  4 )  : 

1 )  A fundamental factor in the s imulation proce s s  i s  computer 
s imulation and extrapo lation with the aid of mathematical 
models ; 

2 )  The experimental s imulation i s  merely of a supporting nature ; 

3 )  Determination of the Equ ivalent Accident Characteristics as 
a criterion for the acc ident severity and as a l ink between 
s imulation and acc ident occurrences . 

4 )  Statistical preparation and utilization of a s  wide a range 
of accident material as pos sible ; 

5 )  Presentation o f  the re lationship between the sever ity o f  
the injuries and the dummy loading . 

PROBLEMS AND POSS I B ILITIES OF SOLVING THEM . When one looks more 
c losely at this list  of characteristics o f  the method presented , 
one can already recognize  the weak spots ; these can be reduced , 
however , at least in part : 
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As stated above , this method in its present form can be used for 
all kinds of accident . However , i f  computer � i�ulation is not 
pos sible for reasons of model character istics , essential 
advantages of the method are lost (at the Institut für Fahr zeug
technik only two-dimens ional models  are us ed in all cases ) . Yet 
even when us ing two-dimens ional s imulation models , some que stions 
re lating to the representativeness of the s imulation of the 
accident occurrences remain unanswered . The fol lowing points 
should also be mentioned : 

only a f ew tests are available , especially in the higher 
accident severity range ; 

model ling o f  only one occupant ( in accordance with the 50% 
dummy ) and of only one specif  ic vehicle (geometry of vehic le 
interior and safety belt sys tem , seat cons truction etc . ) ; 

as opposed to a real accident s ituation , one as sumes a non
deformable occupant cell  in the s imu lation ; 

at the moment a head/st eering wheel impact cannot be 
s imulated ; 

to what extent does the dummy represent the occupant as 
regards motion s equence ?  

Work i s  be ing carried out a t  the moment to try and f ind a solu
tion to the problems indicated here as regards the s imulation 
models , but at the same time one should not fail to ment ion that 
it is proving very d i f ficult to provide appropr iate test data . 
Limitations are placed on any attempt to assimi late the motion 
sequence of the model led and mathematically descr ibed occupant 
on the one hand and the human occupant involved i.n the accident 
on the other hand by the fact that , us ing the occupant s imu:atic11  
model , the data obtained from the tests are used for calcu:a t ion 
on the basis of the dummy used . By analy·-, in9 careful ly document
ed acc idents , with regard to points of impact of the occupant , 
and comparing the s imulation calcu lation , however , insight could 
b e  ga ined into the future design of dummies . 

But even accident analysis as a whole entails prob lems which can 
exert an as yet large ly unknown influence on the results : 

l imits to the number o f  accidents which can be evaluated , 
especially within the higher accident sever ity range ; 

reliabil ity of information concerning estimation of speed 
and the independent and unamb iguous determination of the 
d egree of severity of inj ury ; 

method in which multiple injuries are compiled 
( OAIS or ISS ) ; 
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magnitude of the inf luence of unknown occupant- and 
vehicle-specific parameter s ; 

statistical process ing of the accident material available : 

a )  ari thmetical mean value for each group o f  
characteristic classes 

b )  introduction of a discrete distribution function 
according to the AI S-scale and correction of the 
inhomogeneous accident data . 

Whe�eas a solution of the points f irst mentioned will have to 
remain to be solved in the near future by introducing new actual 
accident dat a ,  a satisfac tory solution of the problem of the 
statistical preparation is emerging at pres ent . Processing of 
the accident material obtained is characterized by the following 
method / 6 /  ( F ig . 5 ) : 

presentation of individual injuries in relationship to the 
Equival ent Accident Characteri stic , 

divis ion into characteristic classes o f  equal s i z e , 

probabi lity distribution and distribution function for each 
characteri s tic clas s , 

correction of the accident data by application o f  a discrete 
di s tr ibution (binomial distribution � ,  

retrans formatio n ,  and 

prese ntation of the severity of the individual injuries as 
a function of the Equivalent Acc ident Characteristic . 

The form o� pres entation achieved in this manner now contains 
only stat i s t ical quantities which character i z e  the qualities o f  
the inj ury/characteris t ic relationship (mean value curve , 5 %  and 
9 5 %  l imit curve ) . 

I n  order to i l lusttate' the process  described above in more detai l ,  
the last s tep , i . e .  the e l imination o f  the accident character
is tic , i s  to be carried out accordi ng to the method used in de
termining the relationship between the inj ury sever i ty and the 
dummy loading . Figure 6 shows the compar ison of the results 
obtained from the accident data , which are sub j ect to some degree 
of scatter , and the s imulation calculation , each calculated 
dummy loading value ( here H I C )  be ing classif  i ed under the corr
e sponding d i screte AI S distributio n .  B y  introducing a level -
here , for example at HIC  = 1 000 - the probabi lity distribution 
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of the degree of inj ury severity for a certain dumrny loading can 
easily be determined and i l lustrated in an eas i ly unders tood 
manner ( Fig . 6 ) . 

PRESENTATION OF THE RESULTS 

The discovery o f  the aforementioned problem complexes will not ,  
however , cause this promi sing method to be abandoned at the stage 
which has now b een reached . On the contrary , the necessity , 
but also the pos s ibil ity of improving . the method and of solving 
those problems wh ich can be overcome should be pointed out here . 
I n  order to counteract the impress ion that the install ation of 
the EAC method has only lead to the uncovering of problems , the 
results obtained up to data are �o be presented in the fol lov1ing : 

I n  Figure 7 ,  the dumrny loading HIC obtained by computer calcula
tions , and the severity of individual injuries AIShead for a 

frontal collis ion are compared as a function o f  the speed-
change Av , in accordance with the schematic representat ion g iven 
in the description of the �ethod ( F ig . 4 ) . By e liminating the 
characteristic 6 v ,  the correlation of the results of the 
s inulation calculation and of the accident analysis  is obtained . 
The relationships between the inj ury sever ity and the dummy 
loading are g iven for the thorax and for the pelvis in Figure 8 .  

With the aid o f  these relationships , protection criteria and load 
l imits can be s hown in a s imple manner : 

By as suming a tolerable injury level of AIS 3 and 
a tolerance leve l of AIS 6 

for the human being , we 
obtain the appropriate protection criteria and loading l imit s ,  
wh ich are interes ting on the one hand for their re lationship 
frontal collis ion- lateral collision and on the other hand for 
their re lationship to the protection criteria valid at present 
( Table 1 )  • 

I t  can be observed in lateral collisions that the head only 
tolerates a fraction of the load which would be tolerated in a 
frontal collis ion . The app l ication o f  the pre sent-day protection 
criterion (HIC  = 1 000) corresponds to the tolerable inj ury level 
in a frontal colli sion , whereas in a lateral impact , even the 
tolerance level would be far exceeded . 

In the case of the thorax , the protection criterion ( S I  = 1 000 ) 
is obviously too high even for frontal collision , s ince a 
dist inctly lower S I  value corresponds to the inj ury criterion . 
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Final l y ,  in the ease of the pelv i s ,  the injury eriterion and the 
proteetion eriterion ( 60· g )  for frontal collis ions eorrespond . 
In the ease of a lateral impaet , mueh higher values ( 1 20 g )  are 
obviously permi s s ible with present-day dummies . 

Dummy loading Inj ury sever i ty 

Frontal eollision AIS 3 AIS 6 
head HIC 9 30 1 • 6 3 5 
ehest S I  500 9 90 
pelvis  max a res ( g )  5 9  7 4  

Lateral eollis ion AIS 3 AIS 6 
head HIC 205 4 2 5  
ehest SI 4 3 5  6 2 5  
pelvis max a res ( g )  1 2 3 1 4 2 

T&ble 1 :  Correlation between Dummy Loading and D egrees of 
Injury Severity for Frontal and Lateral Collisions 
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Fig . 4 -
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F ig . 7 -
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