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INTRODUCTION 

Despite the great number of biomechanical ex?erimentel results 
availab le , it i s  d i f f icult to provide valid loading l imits . 
There i s  too much variation in the t e s t  condit i ons , in the 
material examined , and in the type o f  evaluation . In addition , 
the loading va lues determined for one particu lar accident type 
can only under certain condit ions be app l i e d  to another type 
of accident . 

I n  this study , propos a l  i s  made o f  a pro c e s s  by which the 
quality of conc lusions reached in a biomechani c a l  investigation 
may be numerically des ignate d .  This method has up to now been 
tested on 3 0  inve s ti g ations . Determination of the qualitiy 
ranking has been p re s ented using 1 0  se lected inves t igations . 
The investigations se lected vary according t o  material inves 
tigated , loading limit investigated , and t e s t  conditions . 

Furtherrnore , demons tration i s  made o f  cornbination o f  various 
experiment a l  results for better determination of a loading 
limit . By means of the previou s ly deterrnined qua l i ty of the 
experiments , the degree of safety of loading limit can be 
arrived at . The procedure is presented us ing the example o f  
serial rib f racture s ,  and the results are d i s cussed . 

THE STRUCTURE OF THE VALUATION SYSTEM 

The f ol lowing basic requirements must be f u l f  i lled in the 
des ign of the valuation structure : 

- Applicab i l ity to a broad range o f  inve s t i ga tions 
- Dif ferentiated valuation of dif fering s tandpoints 
- C lear-cut and capable of ver i f  i ca t i on 
- Guarantee o f  identical results f o r  comparable inves tigations 
- Extensive obj ectivity o f  the evaluation , i . e . , independent 

of the eva luator . 

The standard o f  the results o f  an inve s tigat ion i s  determined 
by three inf luencing factors : 

" P " : the type o f  test ob j ect for experimentation 
( e . g . , human shin ) 
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" G " 

" V " 

expression o f  the loading l imit ( e . q . , mean value and 
distribuation range of a breaking load ) 

c ircumstances of the test cond i t ions ( e . g . , pendulum 
impact test ) 

The combined individual valuation o f  the three valuation 
components 11 P 11 , 11 G " ,  and " V  11 results in the spe c i f ic 
quality Z <N ) of a s ingle inve st igation , see P i g . 1 .  The va lue 
of z ( N ) c an l i e  between O and 1 0 0 % .  The spe c i f i c  qua lity aione 
does n o t take into account the number of the tests conducted . 

The number of tests conducted leads through the we ighting 
function F (N) in conj unction with the s�e c i f i c  qua lity Z ( N )  
the total qua l ity ZN , see F i g . 2 .  

ZN
= z ( N )

. F
( N )  

to 

The valuation function F ( N ) , F ig .  3 ,  must s a t i sfy the fol lowing 
requirements : 

- The increase in Z N must be q reater f or a sma l l  numbe r  of 
tests than f or a larger nuber of tests 

- F
_C N )  must asymtoti c a l ly approach a finite l imit value ( max 

Tne sma ller the spe c i f i c  quality z < N ) , the qreater the 
required number of the tests for r e a ching the s ame va lue of 

- For z (N ) = 1 0 0 % ,  4 0  tests should s u f f i c e  to arrive at a 
total q ua lity of 9 5  % .  

The funct ion ZN = Z ( N )  · F ( N )  i s  depicted in Pig . 4 .  

1 ) 

The valuation components 11 P " , 11 G " ,  and 11 V 11 are further 
broken down into valuation units . The valuation component 11 P " 
( test obj ec t  ) inc ludes the fol lowing uni t s : The age P

A
, the 

condition PK , and the suitab i l ity PT . The breakdown o f  
11 P " and the further breakdown of P A and PT can be seen in F ig . 5 .  

The uni ts o f  the va luation component loading l imit 11 G 11 are 
s imultaneou s l y  valuation criteri a ,  see F i g . 6 .  The breakdown 
of the valuation o f  the test condi tions 11 V 11 can be taken 
from F i g . 7 .  F i g .  8 shows the comp lete combination of the valua
t ion criteria to form the total qua li ty ZN . 

Valuation scales have been developed for the individual criteria 
whi ch have been closely oriented to the goal of b iome chan i c a l  
experiments . 

Without going into a detai led desc ript ion of the va luation 
scales at this point , the fol lowing principles servinq a s  
orientation for the va luation components 1 1  P " , 1 1  G 11 , and " V  11 

can be l i s te d :  
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Valuation component " P " : 

- Compari s on o f  the age spectrum o f  the experimenta l  material 
with the accident type cons idered 

- Comparison of the mean age o f  the experimental material with 
the accident type 

- Re lation of the condition of the experimental material to 
norma l condition . Equally less suitable is material in too 
good or too bad condit i on . 

- Valuat ion o f  the experiments for a individu a l  bod i ly part , 
for function groups , or for the entire body 

- Valuation of the experiments for volunteer persons , cadavers , 
o r  anima l s . 

Valuation component " G " : 

- The threshold o f  inj ury ( loading l imit ) must be c learly 
recogni z able 

- The mean loading l imit has been reached when j ust as many 
test subj ects are inj uered as remain unini uried 

- Valuat ion of the distribuation range o f  the loading l imi t .  
I t  i s  deterrninded on the one hand by spe c i f  i c  charact e r i s t i c s  
o r  o n  the other b y  unsui t able s e lection o f  the phy s i c a l  
measured quantity . 

Valuation component " V " : 

- Valuation o f  the s imi larity t o  the real a c c i dent type 
- Compari son of the loading re l at ionships 
- Cons ideration o f  form and s t i f fness o f  the loading body . 

I n  order to arrive at a me aningful tota l quality , the valuation 
criteria must be combined , and must be we ighted and c a l ibrated 
according to thei r  importance . In this process of comb ination , 
bas i c  di f f e rentation must be made between those critera which 
can compensate for each other ( e . g .  age and condition ) , and 
those c riteria which cannot be compensated , ( e . g .  use o f  
animals instead o f  humans ) • The criteria o r  units which can 
compensate for e ach other are combined by addition after 
weighting . Criteria or units which cannot compensate for each 
other a re c ombined by multipl ication in such a way that the 
total valuation always depends on the worst valuation . 

INDIVI DUAL VALUATI ON RESULTS 

Ten experiments showing considerable variation have been chosen 
for purposes of discussion of the valuation proce s s . Volunteer 
person s , cadavers , and anima ls are represented in the va luation 
component " P " ; the test cond it ions in " V  " vary between 
s led tests , f a l l  tests , and static loading ; and the type of 
loading is with reference to skul l ,  brain , ehes t , l iver and 
kneecap . 

4 3  



An order o f  ranking results among the individue l valua t i on 
component s , based on log i c a l  and reasonable principl e s . This 
ranking a l lows an arrangement based on verry good , good , average , 
poor , and very poor . The ranking i s  c l e a r  and understandab le 
for the spe c i f i c  quality Z (N l  and for the tota l  quality a s  we l l . 
The ranking o f  the individuel va luat ion components as we l l  as 
for the spe c i f ic qual i ty and the total quality is shown in F ig . 9 .  

For improvement of the app l i c a b i lity o f  the method , the inf luence 
of the valuator ' s  sub j e ctvity must in particular be examined . 
For this reason , a further experiment i s  p lanned in whi ch a 
large number of valuators performs the va luation us ing the 
same system . Should this result in comparable outcome s , then 
the method could be ap? l ied for the eva luation of mos t  o f  the 
exiting biomechani c a l  experimental results . 

CERTAINTY OF LOADING LIMIT 

Several experiments ,  f requently with varying d i stribuat i ons 
ranges , were avai l able for almost every one of the loading ca se s .  
I t  appeared useful to combine seve ral experiments i n  order to 
obtain a s t andard f or determining the certainty of a loading 
l imit . 

For purposes of the p ro j ec t ,  8 exemp lary experiments on the 
loading limit for rib seria l f ra ctures of a ca r  9assenger were 
se lected . D i f fe rentiation has been made between the three 
following loading c a se s : 

II G II 

II T " " L " 
thorax loading by belt forces for belted passengers 
thorax loading for unbe lted passengers 
lateral thorax loading . 

F i g . 1 0  shows the d i s tribuation o f  the nonweighted exper iments ,  
broken down to the subgroups " T 11 , " G 11 , and " L 11 

A s imple valuation i s  possible by indicating the loadinq 
values which have been as sured by the a l s o  indicated number of 
experiments , See F i g . 1 1 .  An absolute maximum of 5 8 0  to 6 0 0  daN 
results . S ix experiments support this value . A re l at i ve 
maximum l i e s  at 4 2 3  to 4 3 1  daN . 

The conclusion s  can be drawn from this d iagram : 

- Rib serial fractures are to be exoected between 1 7 7 to 1 0 2 0  daN 
( belt or thorax force ) , regard l e s s  o f  the d i rection of impact . 

- Rib seria l fractures are to be expected between 1 7 7 and 6 8 1  daN 
f or fronta l intodruction o f  f orce and occupant not usinq 
seat belts . 

- Rib serial fractures are to be expected between 3 1 5  and 6 8 1  daN 
for f rontal loading caused by belt f orces . 
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A value f or the certainty of the con c l u s i on s  may be determined 
by con s ide ration of the quality of the i ndividue l inve stigation . 

F i g . 1 2  shows the Qua lity o f  the experiments , and F ig . 1 3  shows 
the combined qual ity for the respect ive loading value s ,  broken 
down once again according to the three loading cases . I f  one 
chooses only the loading case " G '' , it i s  shown here that the 
va lue between 4 5 0  and 6 0 0  daN can be regarded with very good 
certainty for rib s e r i a l  fractures f rom f rontal belt loading . 

CONLUS I ONS 

I t  has been shown that it is poss ible to determine the qual i ty 
o f  the results o f  one biomechani c a l  inve s tigation in compari son 
to others . I t  was further demons trated that it is poss ible to 
combine the results of several experiments in such a way that 
the certainty of a loading limit can be cons iderably more 
sharply defined than was p o s s ible unti l  now . The following 
advantages would result upon application o f  this method to a 
large number o f  experiments - perhaps with some modi f ications 
or improvements : 

- Poorly qual i fied experiments would no longer lead to an 
unneces s ary increase in the d i stribution range . 

- Minimum requirements could be placed on the quality for the 
execution of biomechanical experiments . 

- Only those experirnents would then have t o  be conducted wh ich 
c ould contribute to a s igni f  i c ant improvement of the certainty 
of a loading limit . 
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Fig . 1 2  Weighted loading spectrum for rib serial fractures 
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