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ABSTRACT 

Analysis of  a representative at-the-s cene samp l e ,  and also a 
retrospective s tudy of seri ous inj ury accidents , is  used to  es t ab l ish 
the pattern of damage configurations in inj ury producing accidents . 
Sugge s t i ons for improving frontal impact tes ting are made on thi s  b as is , 
and an important c onclusion is  that the ! overlap offset b arrier tes t 
should be adopted . Some observations concerning barrier design and 
impact testing of occupant contact areas are also made . 

INTRODUCTION 

S ome recent work ( 1 , 2 )  has sugges ted that the overal l  crash-performance 
of p as s enger cars in accidental co l lis ions is not adequately predicted by 
current crash tes ting, b ecause s ome c o l l i s ion configurations which are 
cormnon in occupant-inj ury accidents are not reproduced by the experimental 
tes ts . 

This paper s ugge s t s  more real i s t i c  test  types on the basis  o f  field 
data, outl ines a procedure for es tab l ishing appropri ate speeds for these 
tes ts , and conunen ts on s ome related aspects of  interior design .  Becaus e 
of  the re l at ively small s ize of the samples avai lab le ,  only the problem 
of frontal impact tes t ing is  cons idere d .  

METHODOLOGY 

Two separate s amples of  cars involved in co l lis ions have been examined 
t o  this end . 

The f i r s t  comes from an at-the-s cene s tudy 
at ive of  urb an and rural accidents in the U .K.  
reported in detail  e l s ewhere ( 3 ) . 

s t ructured t o  be represent
This s tudy has been 

The second s amp le is  the result  of a more recent retrospect ive s tudy of 
serious inj ury accidents involving current model cars and car derivatives 
less than three years o l d .  Because of the way in which this s tudy has 
been s tructured (4) i t  is  not representative of a l l  serious injury car 
occupant accidents . The s amp le i s  b i ased towards certain mode l s  of car , 
and towards frontal impacts . In add i t i on i t  is  thought to  have a s l ight 
b ias towards higher energy acciden ts ; however i t  is  j udged that the 
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s ample correctly represents the damage distribution in serious inJ ury 
frontal impacts in the U .K .  

AT-THE-SCENE SAMPLE 

At present ,  mos t  crash tes ts involving damage to the front s tructure of 
the vehi cle result in the principal force component at impact being parallel 
to the longitudinal axis of the vehicle . The at-the-scene s ample is 
examined to estab lish whether or not the maj ority of frontal collis ions 
have a s imilar impact direction. 

The dis tributions of impact directions and impact areas for the 
passenger cars and car derivatives in this sample are summarised in Table 1 .  
7 7 . 2% o f  the 352 frontal impacts lie within the 1 1  o ' clock to 1 o ' clock 
band of impact directions (see Figure 1)  • 

RETROSPECTIVE SAMPLE 

This rather larger sample of serious inJury accidents has been used to 
indicate the relative frequency of different damage configurations in the 
real world. From the original s ample of 700 , cases were se lected on the 
fol lowing basis : 

a) At leas t one occupant with an overall inj ury severity of 2 
or higher on the AIS s cale (5) . This se lects moderate or 
greater inj ury leve l s .  Inj ury to be attributab le to the 
frontal impac t .  

b )  N o  occupant ej ect ion. 

c) No seat belt use by occupants . 

d) Impact direction between 1 1  o ' clock and 1 o ' clock .  

These criteria were used t o  se lect a s amp le representative of  the 
more severe injury-producing frontal impacts occurring in the field.  

The 184 cases remaining were then examined individually , and a 
j udgement made as to which type of  crash tes t  would mos t  closely reproduce 
the damage which occurred in the impact .  Not all poss ib le tests were 
included , the types being restricted to the following: 

a) Front dis tributed barrier . 

b )  Offset barrier ; subdivided in ! ,  ! and � overlap condit ions . 

c) 15° angled barrier .  

d )  Front central pole . 

Tab le 2 i l lustrates these tes t  types and shows the percentage of the 
sample j udged to be best represented by each tes t .  



During this analys i s ,  i t  became evident that only a very sma l l  
proportion o f  the cases c lass i f ied a s  " front dis tributed b arrier" or 0 1 1 15 angled barrier" were best represented by a flat rigid b arrie r .  In 
mos t  cases of this type , the load had not been spread evenly over the 
contact area by the obj ect s truck ; typically in a car-to-car head-on 
co l l i s ion, the s t i ffer parts of one vehicle had penetrated the other . 
Such stiff  members are often clearly s een protruding beyond the front of 
the damaged s trucutre after the impact (see Figure 2) . lt is  p os s ib le 
that some kind of deformab le or energy-abs orbing b arrier might reproduce 
this type of damage more faithfu l ly than the r igid b arrier . 

DISCUSSION 

The analys is of the at-the-s cene s amp le i l lus trates the predominance 
of the 11 o ' c lock to 1 o ' c lock range of impact directions in collisions 
involving the front s tructure of the vehicle . Other field work ( 2 , 6 , 7) 
i s  in general agreement with thi s ,  and i t  is  concluded that a high 
proportion of frontal impact crash tes ting should reproduce this condition . 

However ,  the crash tests chosen to represent this range of impact 
directions should also reproduce the mos t  common field damage configu�ations 
and current tes ting i s  less satis factory from this point of view . 

For the range of impact directions under cons ideration, the mos t common 
damage configuration found in the retrospect ive s amp le approximated to that 
produced by a ! offset  overlap b arrier tes t .  About 25% of the cases in 
the s ample were j udged to fall into this category . l t  is sugges ted , 
there fore , that the ! offset overlap b arrier b e  adopted for frontal impact 
crash tes t ing . The importance of this tes t type is  ref lected in a recent 
proposal for a safe ty vehicle specification ( 8) . In view of the expense 
and difficu lty of carrying out mul tiple tes ts , i t  is s ugges ted that a 
vehicle which performs adequately in both the front distributed b arrier 
tes t  and the ! overlap b arrier tes t might be expected to perform 
adequately in ! and � overlap b arrier tes t s  as we l l ,  and so there should 
be no need to perform all four tes ts . In addition ,  unless the vehicle 
s truc ture was markedly assymetrical i t  would probably not be necess ary to 
carry out a ! overlap test on both s ides , as one test on the driver ' s  s ide 
only would suffice . 

lt has been found in practice ( 2 )  that a 15° angled b arrier test adds 
l i t t le to the information gained in the front dis tributed b arrier and s o  
the 15° angled b arrier t e s t  could also b e  omi tted . Thus a ! overlap tes t ,  
a front dis tributed b arrier and a central p o le imp act should tes t  the 
front structure adequate ly . 

The damage c onfi guration in about 15 % of frontal impacts within the 
range of impact directions under cons ideration did not fall into any of 
the chosen categories . This group was composed of some under-run and 
offset pole imp acts in addition to a number of cases not conforming to any 
tes t type , and a few cases where the impact direction was uncert ain . 
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For each case in the retrospect ive s ample an attempt was made to 
decide at what speed the appropriate test would have to be carried out to 
mos t closely reproduce the damage , i . e .  an Equivalent Tes t  Speed (ETS ) 
was ass i gned to each cas e .  Because of the lack of  relevant tes t data, 
however ,  the results were j udged to be too imprecise .  Further test work 
in various configurations and at various speeds is a necessary prel iminary 
for such an analysis to be accurately performed .  

Opt imis ing crash-performance in both front dis tributed and ! overlap 
offset barrier collis ions i s  like ly to be difficult , but field experience 
indi cates that many present des igns could be improved considerably be fore 
the inherent des ign conflicts become apparent. In partic�lar ,  s ome 
des i gns of ' A ' pil lar area and front suspension sys tems lead to large 
amounts of interior crush in the ! offset s ituat ion .  Front doors which 
are weak in compress ion also contribute to the reduction of the passenger 
compartment volume in this type of impac t .  The cases shown in Figure 3, 4 
and 5 i l lustrate these points . 

INTERIOR DESIGN 

Impact direction in real accidents is  continuously variab le in a 
horizontal p lane , occupant traj ectories with and without res traint are 
di fferent ,  and occupant s ize and initial pos ture also vary; thus the 
locus of all points at which the occupants may s trike the interior covers 
a large area .  l t  i s  therefore important that vehicle interior design is 
not dictated entirely by the standard crash-tests . The areas within whi ch 
the maj ority of inj ury-producing occupant contacts occur could be def ined 
by analysis  of in-depth field studies , and separate tests then specified 
for these areas . The pos s ib le effects of static and dynamic deformation 
of the ins ide of the passenger compartment should not be ignored in 
spec ifying these tes ts . 

CONCLUSIONS 

1) Much current and proposed crash tes ting does not reflect the 
pattern of impact types in the real world. 

2) lt is  suggested that the . !  overlap offset frontal barrier be 
adopted in conjunction with the central pole and the front 
dis tributed barrier as appropriate crash tests for frontal 
impacts . 

3) Some consideration mus t be given to the design of barriers for 
crash-test ing in order that they should more c losely represent 
real accidents . 

4) In order to e lucidate appropriate tests for impact conditions 
other than frontal , a large representative sample of real 
accidents mus t be collected . Thi s does not need to be  an 
in-depth s tudy , but the numbers required would be large ; of  
the order of several thousand. 



5)  In order to es tab li sh appropri ate test  speeds , the proposed tests 
should be carried out on a number of vehicles , and the s amp le of 
real accidents re-analysed on the bas i s  of the data thus ob taine d .  

6)  Separate testing o f  o c cupant impact areas should be carried out 
ins tead of s imp ly tes ting those areas s truck by a dunnny in 
specific crash tests . 
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DIRECTION OF IMPACT ( CLOCK CODE) 

9 10-11 12 1-2 3 4-5 6 7-8 Unknown 

7 2 

18  5 1 

15 7 3 

4 13 33 1 1 

2 5 164 11 1 

6 54 2 7  3 

8 7 19 8 

7 9 32 6 

1 3 8 5 

2 1 3 

Figures represent numbers of cases 
in each ce l l  

TABLE 1 

1 

52 

2 

3 

3 

1 

5 

(N 599) 

Tab le of area d amaged by impact direction for the 
at-the-s cene s amp le 

1 

1 

5 

20 

1 

1 

1 
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O-! right 1 7 . 9  

!-!  left 6 . 5  
17 . 9  

! - ! right 11 .  L• 

!-�  left 2 . 7  
1 1 .  9 

! - i  right 9 . 2  

Front Dis tributed 12 . 5  

18 . 4 0 left 1 . 6  15 Angled -

- right 4 . 3  

Front central concentrated 1 1 .  4 1 1 . 4  

Uncl as s i f ied frontal 14 . 7 14 . 7  

TABLE 2 (N = 184) 
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Including underun and 
offset pole impacts 

% Dis tribut ion of Equivalent tes t type for frontal  impacts in 
the retrospective s ampl e  

Occupants unres trained and n o t  ej e cted 

At leas t one occupant AIS > 2 
Impact direction b e tween 1 1  o ' clock and 1 o ' c lock 
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F I GURE 1 

Propor t i ons of  Impact d i r e c t i ons on the clock code for 
accidents involving damage to  the front s tructure o f  the 
veh i c le (Drawn from 'f ab le 1 )  

FIGUllli 2 

Note s t i f f  members prot ruding beyond s o f t e r  s tructure 



( a) 

(b) 

FIGURE 3 
Rearward movement of facia due to compress ion of  
front door in ! - �  over lap impact 
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(a)  

(b)  

FIGURE 4 
Grass reduc t i on of  left front pas senger ' s  seating area 
through rearward movement of  ' A '  p i l lar in a ! over lap 
s i tuat ion . 



( a) 

(b) 

FIGURE 5 

A s ideswipe accident .  The 
righ t  fron t road whe e l  moved 
qack through the f loo r ,  (b )  
leading to a compound 
comminuted fracture o f  the 
driver ' s  r i gh t  ankl e .  
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