
REDUCTION OF I{UTUALLY DEPENDENT RTSK OF TNJURIES TN MULTIPLY OCCU_

PATED PASSENGER CARS BY DESTGN RELATED MODIFTCATTONS OF THE COM-

PARTMENT

by

H.J. Krüger, K. Rompe+

+rnstitute for Traffic safety, Tüv Rheinland, cologne

TNTRODUCTfON

Today an i-ncrease in the average occupation rate ofpassenger cars, a.9. ) 1.8 persons per car, can be noted. This
development originated with j-ncreased fuel costs for motor vehi-cles and also from the government-encouraged "car-poolJ-ng". Asabout 1 5 z of alt passengers are sitting on the reãt seats, mostof them seem to have a modest acceptance of safety belts. In newcars, f or which rear bel-t f ittì-ng is compursary in Germany(since May 19791 , the rate of belted rear seat passengers j-ã
roughly estj-mated at about 20 z. one of the reaèons for the dif-ferent rates establ-ished for the front and rear seats can be seenin the safety of seat backs, that is supposed to be sufficient.
Thj-s however cannot be confirmed in this respect.
From single in-depth analysis data of accidents and some scarce
literature sources the exi-stance of a risk of severe additionaÌ
injuries for beltêd and unbel-ted passengers is generally known
[1,2,3]. The interaction-relate¿ áAAitional loads to testdummies
are specified up to about 1 00 Z t4) .

The increasing figures of occupants, which are also involved inthe real-life accj-dent scene, require that interaction-related
injuries, always combined with basic injury scaLters, must be inour view in future und have to be investigated in detail.
As it will be demonstrated by the results of this study, the useof safety belts can no longer be considered as an indiùidual risktaking of each of the passång.r" on the different seating posi-
tions. Moreover , it coul-d be proved that by means of certainmodifications interaction effects and loads can be rest,rained,
even if the present rear safety belt is neglected.
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The first step of this investigation was to evaluate thekinematic and kinetlc phenomena betwãen two 50 g mar-e (Hybrid rr)testdummies one sitting behind the other. The aim was to obtainan up-to-date standard of interaction in representative car types.
Therefore a number of at least three up to five sled tests for eachtest configuration with completely fitted passenger compartments
\^/as conducted in the crash'test facilitieã of rÚV Rheiñl-and. Withthe belted frontal and unbelted rear seat passengers the direc-tions of impact_\^/ere longitudinal and, 15" ãng1ed frontarly andrearside. According to results from fullscale crash tests by theFederal Highway Research rnstitute (BASI), cologne [5], the equiv-al-ent test velocities for the sled tests \dere fixed at 5,g¡ gig¡

11,6¡ 12,6 m/s for the frontal_ and 5,9¡ 11,5 m/s for the rearsideimpacts. So the comparability of results from fullscale and sledtests coul_d be studied.

The second aim was to modify certain interior components of therestrajnt system where fail-ure and interaction-intãnsifying behav-iour had Ëeen observed before. rn repetition of the complete testseries under the same condi-ti-on, the influence of the mõdifj-ca-tions was to be eval-uated. under this study the efficiency ofthese modifications had to be assessed by means of a cost,-/benefit-quotient, oriented to the scale of human injuries (Afs) and pro-jected to the real-life accident scene.

METHODS

RESULTS

To evaluate to day's standard of interaction-related addi-tional dummy loads, a total of 40 sled tests in this serj_es wascarried out. The kinematic phenomena of dummy movement can becharacterÍzed generally by reverse directed motions of adjoinedbody parts i.e. the skulls of both dummies, the femurs of therear passenger and the back of the belted front seat passeng:er.rn the lower limit range at a test velocity of 5,g n/s equiialentto 30 km/h interaction starts with purely ãingte contacts withoutany additional l-oads and extends to multiple- mutually dependentbody impacts with additional loads comparãble to the basic stress,although those impacts can be more or 1es= damped by the struc-tures of the seat back and the head rest
The main interaction-intensifying effects of failure of interiorcomponents were as follows:

Impact of knees to the
only by the upholstery

Break of the front seat
seat back frame

back of the
of the seat

front seat
back

passengfer, damped

adjusting device and the joint of the

Vertical dislocation of the
dorsal impact of skuIIs.
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In the mea surement data curve s mutually dependent dummy loads are 
characterized by c o inc ident but reverse directed peaks of load 
mea sured in a d j o ined body parts o f  both dummie s  at d i s tinct points 
o f  time . Fig . 1 serves as an examp l e . Moreover ,  in belt force s 
intera c tion produc e s  a typical isol ated second peak value o f  force 
that inten s i f i e s  the first with increas ing test velocity and that 
stands for addit ional compre s s ive thoracic loads of the front 
occupant . 

Based on the r e s u l t s  obtained from comparative tests with hindered 
interaction by b e l t ing the rear occupant , to day ' s  standard of 
interac tion - r e l a ted dumrny loads c an be summa r i z e d  as fol lows : 

+ 8 5  % additional head load ( HIC = 4 1 6  ± 7 0 )  

+ 6 5  % additional ehest load ( S I  = 2 5 7  ± 9 3 )  

for the b e l ted f ront occupant in frontal impacts at a test veloc­
ity o f  1 1 , 6 m/ s equ ivalent to 6 0  km/ h . 

D i s regarding the rear safety b e l t s  under the same t e s t  conditions 
the rear va s senger is exposed to 

+ 1 5 0 % addit ional head load ( H I C =  6 9 4  ± 8 8 )  

+ 1 0 0 % additional ehest load ( S I =  2 4 9  ± 4 2 ) , Fig . 2 .  

From evaluation o f  the d i f f e rent k inds o f  fai lure certain mod i f  i­
cations of the interior restraint components were derived . 

The mos t  e f fective method to uncouple the movements o f  the rear 
and front seat dummies and so to h inder interaction , wa s  to block 
the l ongitudinal seat adjuster and to s t i ffen the j o int of the sea t 
back for experimental purpo s e s  by means of a spe c i a l  dece lerat ion 
dev ic e , j o in e d  to the upper seat back frame and braced to the 
body o f  the compartment . In the knee impact zone between the two 
shafts o f  the seat back frame a deformable per forated sheet has 
been i n s t a l l ed , and the head restraint has been broadened later­
a l ly . Moreove r ,  in the potential zone o f  head impacts another 
deformat i on device from perforated sheet wa s f ixed surrounding 
the b - p i l lar and the rear seat has been f itted with a head 
res traint .  

With addi t ional uphol s teries in these impact zones a series o f  
another 4 5  s led t e s t s  under i dent i c a l  t e s t  condi t ions b u t  with 
mod i f i e d  re straint components o f  the compartment was c onducted . 
The mean va l u e s  and standard deviations of the measured dummy 
loads are plotted in the table s - on the one hand for the s tandard 
mode l  - and on the other hand for the modi f ied compartment . 

From the f igure s i t  can be seen that the r e l i e f  o f  dumrny loads 
f or the frontal occupants by means o f  reduced or hindered inter­
a c t ion i s cons iderable wh i l e  for the unbelted rear occupants an 
additional overload s t i l l  h a s  to be accepted , see Fig . 3 .  
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Some additional tests with advanced mod i f  ications a l low to draw 
the conc l u s ion that the standard l evel of the xear seat dummy 
loads i s  actua l l y  within reach with some further inves tigation 
work . 

Neverth e l e s s , the e f f i c iency o f  the rear seat safety b e l t  is far 
from be ing replaced by the mod i f ied component s . 

The third a im o f  th i s  inve s tigation was to a s s e s s  the e f  f ic iency 
o f  the t e s ted modif ications ' by means of a c o s t /bene f i t-quotien t .  

The costs for one modi f ication set , e s sential l y  the reinforced 
front seat , were determined at 3 0 , -- DM per l i f e  per iod of a car . 
The c o s t s  for the 2 1 . 6  m i l l ion passenger cars in Germany that 
woul d  have to be f itted with the mod i f ication pack s , were c a l ­
c u l a ted at a n  annu a l l y  total o f  1 0 4 m i l l ion DM , inc luding the 
addi tional fuel consumption costs . 

The bene f i t  to the economy was estab l i shed on the b a s i s  o f  the 
f rontal c o l l i sion s with those rea l - l i f e  acc idents be ing con s ider­
ed in wh ich unrestrained occupants are s itting on the rear seats 
and causi additional injuries to belted front seat pas sengers . 

By apply ing a correlation model o f  dummy loads and the severity 
scale o f  human i n j u r i e s  [ 6 , 7 ] and con s idering frequen c i e s  of 
impact v e l oc ities [ 8 ]  from an average inj ury grade o f  OAI S = 3 , 2  
a reduction by �OA I S  = 1 , 4 by means of the modi f ication model 
seems [ 9 ]  to be in reach . By th i s ,  the interpolated potential c o s t  
of about 4 2 . 0 0 0 , - - DM f o r  e a c h  person severly i n j u red i n  this 
types o f  acc ident can be exp l o i ted , Fig . 4 .  

Proj e c ted to 3 3 0 0  severly i n j ured frontal occupants per year in ruch 
a configuration that at l e a s t  one unr e s t rained pas senger is s i t ­
t ing i n  t h e  rea r , the reduction o f  c o s t s  t o  the bene f i t  o f  the 
economy can be calculated at 1 4 0  m i l l ion DM . 

As the benef it o f  the mod i f ication s  for the other types of 
c o l l i s ion s has not yet been prove d ,  but can be supposed , the c o s t /  
benef i t - quotient Q = 0 , 7  ca lculated as described above seems t o  
b e  t h e  h i gher threshold value . 

CONCLUS ION 

As long as seat b e l t  wearing is not compul sary for each 
seat ing pos ition , interact ion-related additional loads and increas ­
ed sever i ty o f  i n j u r i e s  have t o  b e  considered . A s  the d i f ferent 
k inds of i n j ur i e s  are superimposed , the d i s t inct scatters of 
interaction-caused i n j u r i e s  in rea l - l i f e  accidents are d i f f i c u l t  
to analyz e . 

By means o f  crash tests with dummies i t  could be demon strated that 
through stra ightforward mod i fication s ,  e spec i a l l y  at the front 
seat , an improved safety s tandard for the occupants can be rea l i z ­
ed . 
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The next step w i l l  be to t e s t  the inf l uence of the se modi f  icat ions 
a l s o  in other types of c o l l i s ions . Moreove r , it has to be made 
sure , that the favourable c o s t /bene f i t -quotient w i l l  foster the 
further deve lopment of in tegrated restraint sy stems and the i r  
t e s ting procedure s . 

Th i s  inve s t i gation was funded by the Federal Highway Research 
I n s t itute ( BAS t ) , Cologne . 
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c 0 ·.-i .µ rU H ilJ .--1 ilJ CJ ilJ 'Cl 
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5 0  
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0 
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[kN] 3 
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front dummy 

rear dummy 

b e l t  force front Dummy 

- - -- --- l ap belt 

shoulder belt 

femur force rear Dummy 

l e f t  femur 

- - - - -- - right femur 

time [m s ]  

Fig . 1 :  Interactions between belteä frontal and unbelted rear 
passenger dumm i e s  i n  deceleration curves o f  head and 
ehest and in b e l t  and femur force s ,  frontal c o l l i sion 
at test velocity 1 2 . 6  m / s  equivalent to 70 km/h . 
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+ 8 5  % 
( 4 1 6 )  

HIC : 

S I : 

Fig . 2 :  Today ' s  standard o f  interaction-rel ated dummy 

l oads in frontal c o l l i sion at test veloc ity 

1 1 . 6 m/s equivalent to 6 0  km/h . 
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Fig . 3 :  Mean values and standard deviations o f  dummy loads 
in head (HIC)  and ehest ( S I )  in the standard model 
1 land modified K"&"0l passenger eompartment in 
oblique frontal ( 0 , 1 5 ° )  e o l l i s i on s .  
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