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G .  RÜTER , H .  HONTSCHIK , Batt ell e - Inst itut e . V. , 

Frankfurt am Main ( Germany ) 

Abstract 

A11 methods used to det ermine the b i ome chani cal tolerance 

1 evels of humans exp o s e d  to shock 1 oads are hamp ered by the 

fact that it i s  not p o s sibl e to simulate human react ions . 

The only p o s s ib i l i ty of inv e s t igating the real load of car 

o c cupants in the injury tbreshol d  range c ons i s t s  in the r econ

s t ruction of sui tabl e road accident s . 

This metho d ,  whi ch has been report ed by o ther authors , i s  al s o  

app l i ed a t  Bat t e l l e - Ins t i tut e . V . , Frankfurt ( Main ) . After 

a s s e s s ing the damage to par t s  in the interior o f  the v eh i c l e  

and the injur i e s  t o  t h e  occupants , t h e  damage i s  s imul a t e d  in 

the laboratory . Sub s e quent ly , the l oads whi ch have caused the 

injurie s  are measure d  in dynamic and static experiment s .  After 

definit ion of the thr e sbo l d  l evel s , injur i e s  ( e . g . t o  hea d ,  

shoulder , kne es ) and loads are then c orrel a t e d .  

The first resul t s  havc shown that thi s method yields 

statistically s ignificant toleranc e l evel s ,  provided that a 

suffici ent number o f  c a s e s  is inv e s t i g a t e d .  In addit i on , it 

is possible to check data det ermined by other methods . 
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Probl em 

To determine the injury threshold l evels for humans di fferent 

approaches have been adopted in biomechani cal research , but 

the informative value o f  the methods appli e d  i s  l imited 

( Fi g .  1 ) : 
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The acci dent stat i s t i c s  only provide information about 

fre quency , typ e s  and cau s e s  of injuries , but not about the 

l oads involve d ;  they sugg e s t  the l ines along which investi

gations should be condu c t e d .  

Exp eriments with anthropomorphic dummi e s  d o  not show any 

injur i e s , be caus e ,  for examp l e ,  fracture loads for 

individual parts of the skel eton and ·the injury threshold 

l ev e l s  for the human body are still largely unknown . 

Exp eriment s with cadavers are not readily c ompatible with 

ethical principl e s , l��pply of cadavers is probl ema t i c , and 

in p articular they lack the ( dynamic ) musoular tonus . 

Anima! exp eriments are not directly trans ferable t o  humans 

b ecause of the anthropomorphic di fferenc e s  or the different 

mass distributions . 

In exp eriments with volunt eers only l oads far b elow the 

injury thre shold levels can be app l i e d .  

For the el aboration o f  b iomechanical computer c o de s , the 

injury thr e shold l evels for man are required as input data ; 

the s e  are ,  however , not suffic i ently known . 

Special di fficul t i e s  in thi s respect are due t o  the very 

comp l ex "human system" , who s e  behaviour und er extreme shock 

l oads can be investigated only by evaluating the " involuntary 

experiment r oad accident 11 • 

Methods 

In the reconstruction of road acc idents the relationship betwe en 

interior structural damage to the vehi cle and injur i e s  of 
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o c cupant s i s  u t i l i s e d  t o  draw c onclus ions on the loads acting 

on man . To this end the t e chnica1 details o f  the acci dent 

including the damage to the car are taken down at the s i t e  o f  

the acci dent , and the injuries o f  t h e  c a r  occupants are 

sub s e quently det ermined by medical examination. 

By simulat ing the impact o f  occupant s against the interior o f  

the vehicl e ,  the interior struc tural damage to the veh i c l e  i s  

reprodu c e d  and the loads are measur ed which correspond t o  the 

forces that acted on the o c cupant s during int erna1 impac t .  

lt i s  thus p o ss i b 1 e  t o  ob tain- the relationship b e tween l oad 

and injury , and the defini tion of the tol erance of sp e c i fi c  

l oads then l eads to the threshold level ( Fi g .  2 )  • 
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A simi l ar method was app l i e d  for the first t ime in inv e s tiga

tions conducted at the Transport and Road Res earch Laboratory , 

Crowthorne / 1 / .  The s e  showed threshold l evels or a t  l east 

their range for injuri e s  o f  thorax and lower extrmit i e s . 

Investigat ions carried out at the Bat t e l l e-laboratories 

concerned in p articular with injuries o f  the shoulder girdl e , 

i . e .  o f  the shoulder joint s , becaus e  l i t erature studi e s  / 2/ had 

shown that injury threshold l evel s for lateral impact o f  the 

body are l i t t l e  known , while data for the shoulder j o ints are 

comp l e t ely l acking. 

An example of interior structural damage produced in a road 

ac cident and in the labo.ratory is shown in F i g .  3 ;  the car 

o c cupant is repres ented in the impact experiment by a sui tably 

shaped e quival ent mas s .  

F i g .  J :  Damage result ing from accident and 
simulation 
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First Results 

To try out the recons truc tion method , the int erior struc tural 

damage corresponding to that resulting from real acc idents was 

produced in 1 5  impact experiment s ,  and the loads - this case 

the decel eration and the impact l oad acting on the e quivalent 

shoulder mass - were measured.  The s e  l oads were then correlated 

with the injuri e s  cau s e d  by acc idents ( Fi g .  4 ) . 
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Fig . 4 :  Resul t s  o f  s e l e c t e d  impact exp eriments 
"s houlder/door" 
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As a des cription of the c onstitution of the injured persons i s  

not availabl e ,  t h e  exp erimental r esult s  shown i n  F i g .  4 d o  not 

p ermit an exact injury thr e shold l evel for shoulder impact t o  

be determined ,  because maximum impact load , deformation energy 

and impulse cannot be correlated rel iably with the s everity o f  

th e injury . Thus , i t  can only be concluded from the r e sul t s  

o f  the three experiments that a maximum impact load i n  the 

range between 800 and 1000 daN may , but must not ne c e s s arily 

l ead to crush fracture of the shoul der j o int . 

Addi tional quasistat i c  deformation exp eriment s have shown 

that the deformation velocity i s  of s i gnificant importanc e .  
At a deformation velocity o f  10 cm/min , for exampl e ,  the 

maximu.m forces and the energy absorpt ion by the door are small e r  

b y  about 2 5  p er cent and about 1 0  percent , resp e c tively , and the 

elastic deformation i s  about 50 percent higher than in the 

dynamic experiment with an impact velocity o f  15 to JO km/h . 

In addi t ion , it has b e en found that an exact reproduct ion o f  

the impact s i tuation and the part o f  the body involved i s  

n e c e s sary . In the case o f  doors , for exampl e ,  i t  i s  ne c e s sary 

to use the same windows in the same p o s it ion as in the accident , 

a s  otherwise deviations o f  impact loads o f  up to about 10 per

c ent and o f  the de formation energy o f  up to J O  p erc ent may 

o c cur. 

Conclusions 

Th e above-described method is suited to determine s t a t i st ic ally 

s igni ficant injury threshold l evels or to check tol erance l ev e l s  

obtained by other methods ,  provided that a suffici ent number 

of c a s e s  is investigated and suffici ent data are avail abl e 

about the accident s under consideration. lt i s  possible to 

inv e s t igate any conc eivable impact s i tuation o f  car oc cupants 

( examp l e s  of Fig . 5 ) . 
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ö 
knee / dash board head / wi ndscreen pi l lar 

thorax / steering wheel shou lder / door 

F i g .  5 :  S imu1ation of interna1 impacts 

The most important inv e s t igations that shou1d b e  condu c t e d  for 

further refining the r econstru c tion method are an exact 

d e scription of the cons t i tution of th e car oc cupants and use 

o f  e l e ctronic data pro c e s s ing ( EDP) . T1'1e consti tution has to 

b e  det ermined when taking down the deta: l s  o f  the accident and 

compared with the injury threshold l evel as constitution factor.  

Add i tional fac tors to be included are age , sex , mas s ,  s tature , 

previous injuri es , i l lne s s e s , and muscular and nutritional 

stat e .  The const itution should be indi cated by p ercent i l e s  

related , e . g . , t o  that of dummi e s .  

Th e use o f  EDP in the reconstruction o f  a c c idents i s  not only 

aimed at reducing the amount o f  work involved , but also at 

s imulating compl e t e  impact s i tuations and the propagation o f  

forces inside the body i n  digi tal form and thus permits a more 

rapi d  and l e s s  exp ensive variation of the impact parameters 

compared with the impact exp eriment . 
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