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ABSTRACT 

The over-ri s k  for the dri ver due to the steeri ng  system can be h i gh l i ghted i f  
dri vers ' state i s  compared wi th front passengers ' ,  provi ded no other s i gn i fi cant 
s i de effects are i nvol ved" such as asymmetri cal i ntrus i on or rear over-l oad i n g .  

The compari sbn i s  made i n  a samp l e  o f  1 1 2  cars i nvol ved i n  frontal col l i s i o n .  
N o  s i gni ficant di fference i s  observed between t he  proporti on of  severe i nj uries 
among dri vers and passengers , but severe thoraci c i nj uri es are more frequent 
for passengers , severe i nj uries  to l ower members are more frequent for dri vers . 

l t  cannot be affi rmed that steering  system generates a mani fest  over-ri s k  for 
dri vers . Improvi ng protecti on for front restrained occupants i nvol ved i n  fron
tal col l i s i ons wi l l  con s i s t ,  for the mai n  part , i n  better ri de-down between 
restrai ned occupant and passenger compartment . That wi l l  res u l t  i n  reduc i ng  
l oad on the thorax and  frequency and seri ousness of  l ower members contacts . 

INTRODUCTI ON 

I n  frontal col l i s i ons i n  the PEUGEOT-RENAULT i nvesti gati on , a death rate of : 
2 . 8  can be observed from among the 553 restrai ned dri vers as aga inst  2 . 5  for 
the 300 restrai ned passengers . Vari ous reasons can expl a i n  the di fference : 
- presence of steeri ng  system , 
- the greater v io l ence of frontal co l l i s i ons for cars having j ust the dri ver 

on board , 
- the h i gher frequency of i ntrus i on phenomena on the dri ver ' s  s i de because of 

the number of head-on col l i s i ons w ith  offset on the l eft-hand s i de of the 
vehi c les . 

The over-ri sk for the dri ver  due to the steeri ng as sembly i n  frontal col l i s i ons 
can be val i dl y  h i ghl i g hted i f  the dri vers ' state � s  compared w1 th the front 
passengers ' ,  provi ded no other s i gn i fi cant s i de effects are i nvol ved such as 
asymmetri cal i ntrus i on o� rear over- load i n g . 

The resu l ts of thi s  compari son , 1 1 dri yer/passenger 1 1 , are gi ven after defi n ing  
the  characteri st ics  of  the  sampl e  used . 
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CHARACTERISTICS OF THE SAMPLE 

A samp l e  of 1 12 cars i nvol ved i n  frontal col l i s i ons was drawn from the acc ident 
fi l es analysed by the PEUGEOT-RENAULT Associ ati on i n vesti gat i on team. ( The fi l e  
contai ned 2 , 1 7 1  frontal col l i si ons  as of 1 3  February , 1980 ) . The sel ecti on cri 
teri a were as fol l ows : 

- two front occupants weari ng 3-poi nt bel ts 
- parameters of  frontal col l i s i on v io l ence estimated , i . e .  /l.V ( occupant vel o-

ci ty vari ati on )  and mean �(mean vehi c l e  decel eratio n ) . 
- no or very l ow i ntrus ion  ( l ess than 25 cm reduct ion  of  d imens i ons 3 and ( or )  

5 · iim "Vehi c l e  I nteri or  Deformation  I ndex" - V . I . D . I . )  
- no rear occupant more than 10  years .ol d .  

REPRESENTAT IVENESS O F  COL L I S I ON SEVERITY I N  SAMPLE  
The  samp l e  of  1 12 frontal col l i s i ons sel ected d i ffers but  l i tt l e  from the popu
l at i on  from whi ch i t  i s  drawn , both as far as the 4V parameter and mean decel e
rat ion  are ooncerned ( F i g .  1 ) .  

Fi gure 2 g i ves the va l ues of " AV occupant"  and mean car decel erat ion  for the  
1 12  cars in  the  sampl e .  

AGE AND SEX OF OCCUPANTS 
From the 79 pai rs whose ages are known , 47 sati sfy as far as poss i bl e  the pai 
ri ng  condi t i ons  : l ess than 10  years di fference i n  age ( Tabl e I ) .  

(/) s... (1) O"l s:: (1) (/) (/) lt) 0. 
4-0 
(/) (1) (/) (/) eo 

.-u 
ClJ c;-, ex: 

� 30 

3 1-40 

41-50 

5 1-60 

> 60 

TOTAL 

Age 

" 30 31 -40 

24 7 

1 4 

- -
- 1 

- -

25 12 

cl asses of dri vers 

41-50 5 1-60 > 60 TOTAL 

6 2 - 39 

1 1 1 8 

5 2 - 7 

5 7 3 1 6  

2 - 7 9 

1 9  1 2 . 1 1  79 

TABLE 1 BREAKDOWN OF AGE CLASSES OF BOTH FRONT OCCUPfNTS WHOSE 
AGES ARE KNOl�N . 

The dri vers are mal e i n  89 cases ; the passengers a re women i n  74 cases{ i nfor
mat i on on t he sex i s  not known i n  14 cases ) .  
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Fi g .  1 : �V and mean Cf d i s tri but1 ons i n  the samp l e  and i n  the who l e  
popul ati on . 
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BEL T WEAR ING 

Be l t  wearing  qual i ty for dri ver 

Correct Sl ack Unknown TOTAL 

Bel t weari ng Correct 57 5 3 65  
qual i ty for S l ack 5 16  2 23 

the passen9er Unknown 3 4 1 7  24 

TOTAL 65 25 22 1 1 2  

TABLE 2 : SEAT BELT WEARING QUAL ITY ESTIMATED FOR DRI VERS AND 
PASSENGERS . 

Wear ing  qual i ty i s  known for both front -Occupants i n  83 cases ( Tab le  2 ) . 
Wear ing  for both occupants was correct i n  57 cases and s l ack i n  16 cases . In  
5 cases , the  dri ver wore h i s  bel t correct l y ,  whereas the passenger wore i t  
s l ac k .  The oppos i te - sl ack weari ng for the dri ver ,  and correct weari ng for the 
passenger - was observed i n  the same number of cases ( 5  times ) .  

The di fferences i n  wei ght and s i ze between the front occupants were not analy
zed .  In  s hort , the ma i n  d i sproport i on in the sampl e res i des i n  the over- repre
sentation of  mal es among the dri vers , and , inversel y ,  the over-representati on 
of fema les  among the front passengers . 

The l evel of  knowl edge bei ng what i t  i s  at the present ti me ,  i t  i s  not pos s i b l e  
to i ndi cate w i t h  certai nty the exact i nfl uence of  th i s  d i sproport i on o f  resu lts 
from the 11 dri ver-passenger11 compari son . 

RESULTS 
The compari son of the 1 1 2  pai rs of front restra i ned occupants i nvol ved i n  fron
tal col l i s i ons ( wi th no unsymmetri cal i ntrus i on or rear over- l oadi ng )  i s  eval ua 
ted by : 

- the overal l i njury severi ty ( 0 .  A I S  scal e )  
- the frequency and severi ty o f  i nj uri es per body a rea . 

1 - OVERALL SEVER ITY OF INJURIES TO DRIVERS AND FRONT RESTRAI NED PASSENGERS . 

The compari son of  the O . AIS  for dri vers and thei r passengers , i n  pai rs , i s  g i 
ven i n  the fol l owi ng  tabl e 3 . 
Among the seri ously i njured ( O .A IS  �3 )  there were 10 dri vers ( 1  O . A IS  5 and 
1 k i l l ed - O . A IS  6 )  as agai nst 14  front passengers . Among  the uni nj ured , there 
were 47 dri vers for 39 front passengers . 
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Dri vers 

O . AI S  0 1 2 3 4 5 6 TOTAL 

0 26 1 2  1 0 0 0 0 39 

1 13 28 2 5 0 0 0 48 

F runt 2 1 6 2 2 0 0 0 1 1  

Passengers 3 7 2 2 0 0 0 1 1 2  
4 0 0 0 1 0 1 0 2 
5 0 0 0 0 0 0 0 0 
6 0 0 0 0 0 0 0 0 

TOTAL 47 48 1 8 0 1 1 1 1 2  

TABLE 3 : BREAKDOWN OF OVERALL SEVERITY OF INJURI ES ( O . A I S )  FOR 
DRIVERS AND PASSENGERS 

The d i fferen'ces i n  0 . AIS are rather unfavourabl e for the passengers as shown i n  
the fo l l owi ng tab le  : 

O . A IS  di fferences i n  the 1 1 2  pai rs 

Di fferences unfavou- Di fferences unfavoura-
rabl e for dri vers Equal i ty b 1 e for passengers 

A O .  A IS  l 2 3 0 1 2 3 
- - - - -

N°  pai rs 1 7  -6- -1- 56 22  3 7 

In  the 7 cars i n  wh ich  the dri ver was much more i nj ured than h i s  passenger 
( 60 . A I S >  1) , the di f ference can be exp 1 a i ned for 4 of them by the i nj uri es to 
the l ower members , and for the 3 others by i nj ury to t he thorax ; i n  the 10 
cars i n  wh i ch the passenger was much more i nj ured than the dri ver ,  the di ffe
rence was due 7 t imes . to the thorax , twi ce to the l ower members and once to the 
upper members . 
The over-ri s k  o f  the steeri ng wheel to the dri ver ,  part i cul arly i n  the shape of  
faci al , skul l or  bra i n  i nj uri es , i s  not  ev i dent . 

2 - I NJUR I ES PER BODY AREA 
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There were 15 seri ous i nj ur i es ( O . AI S  )- 3 ) to dri vers as aga i ost 18 
to front passengers . ( Tabl e 4)  
For the dri vers , they are l ocated parti cul arly on the l ower members 
( 6  O . A IS  � 3 )  and the thor.ax ( 5  O . A IS  ) 3 ) . 
Ha l f  the 18 seri ous i njuries  to the passengers were thoraci c i nj uri es . 
( Fi g .  3 ) . 



! D R I V E R S  1 IPASSEN G E RS 1 
A I S A I S  

� 2  � 3  � 2  � 3  
4 O) 

0 (O) 0 o) 
0 0 2 2 )  
7 ( 5 )  1 6  9) 
2 ( 1 )  4 (2 ) 
1 ( 1 ) 1 ( 1  
3 ( 1 ) 1 ( 1 ) 

8 (6) 4 ( 3) 

Fig. 3 : Breakdown of i nj ur ies w i th a severi ty AIS � 2 
( i n  brackets AIS  � 3 )  for dri vers and passengers 
per body are a .  
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Head 
Neck 
Thorax 

Body 
areas 

Upper members 
Dorso-l umbar col umn 
Pe l vi s 
Abdomen 
Lower members 

0 1 2 

89 18 4 
104 8 

73 32 2 
96 14  1 

107 5 
106 3 2 
108 3 
69 35 2 

+ : LlV : 70 km/ h ,  mean � 18 g .  

Head 
Neck 
Thorax 

Body 
areas 

Upper members 
Dorso-l umbar col umn 
Pe l vi s  
Abdomen 
Lower members 

0 1 
93 1 5  
98 1 4  
66 30 
93 1 5  

107 3 
105 6 
103 8 
86 22 

2 
4 

7 
2 

1 

DRI VERS 
A IS  

3 

4 
1 

1 

6 

4 

1 

PASSENGERS 

A IS  

3 

8 
2 
2 
1 

3 

4 

1 

1 

5 

l+ 

1 

5 

Nb . A IS  ),3 

1 
0 
5 
1 
0 
1 
1 
6 

1 5  

Nb .  A IS � 3  
0 
0 
9 
2 
2 
1 
1 
3 

IAIS'  

175 
8 

281 
49 

5 
46 
6 7  

213 

844 

� AI S1 
47 
14 

366 
85 
57  
33 
72 

1 1 1  

18 785 

TABLE 4 BREAKDOWN OF I NJUR I ES TO DRIVERS AND PASSENGERS 
ACCORDING TO FREQUENCY AND SERIOUSNESS PER BODY AREA . 

Cal cul ati ng the sum of AI S ' s  per body area rai sed to power 3 shows that the tho
rax fol l owed by the l ower members , heads the l i st. of  frequency and seri ous ness 
of  i nj uri es , both for the dri vers and the passengers . ( tab le  4 ,  Fi g .  4) . 

l t  can be seen that the l ower member i nj uri es to the dri vers are twi ce as h i gh 
as for the passengers . For the dri ver.s , head i njuri es are on ly  thi rd i n  the 
l i s t .  
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2 . 2 .  Qiff�r�n���-in_ri��-P�r_gQ9�-�r�� -fQr_!b�_9riY�r-�n9_P����ng�r_ i n_ !b� 
!!f_P�ir� · 

The di fferences i n  A I S  per body area for the dri vers and respecti ve 
passengers are broken down as fol l ows ( tabl e )  : 

D I FFERENCES I N  A IS  FOR THE 1 1 2  PAI RS 

Unfavourabl e f or Unfavourabl e f or the 
the dri ver Equal i ty passenger 

�AIS 1 2 3 4 5 0 1 2 3 4 5 
� 

Head 1 2  3 - 1 83 1 1  2 -

Neck 6 - 94  1 2  -

Thorax 1 1  3 2 73 1 1  5 7 
Upeer members 4 1 1 - 95  9 - 2 -

Dorso-l umbar col umn 4 - 103 3 1 1 
Pel vi s  3 1 1 100 7 -

Abdomen 2 - 103 7 
Lower members · 22 2 5 - - 72  7 2 2 -

The r isks  for the dorso-l umbar col umn , the abdomen and the pel v i s  are better 
di vi ded . The protection of t horax and l ower members i s  l ess uni form , and l i ke 
w i se  for the head to  a l esser degree . 

CONCLUSI ONS 
Before eval uati ng  the speci fi c i nfl uence of the steeri ng system on restra i ned 
dri vers i nvol ved i n  frontal collisions , a sample of 112 cars was formed to 
compare the state of dri vers wi th thei r respecti ve front restrai ned passengers ' .  

Frontal col l i s i ons wi th consi derabl e i ntrusi on or rear over- l oad , are el i mi na
ted from the sampl e .  

The presence of the steeri ng  col umn i s  the mai n  di fference for the dri ver wi th 
re l at ion  to hi s passenger .  A second di fference re l ated to the over-representa
t ion  of  mal e dri vers ( 86 % )  and the over- representat ion  of fema l e  passengers 
( 73 %) al so ho l ds .  Thi s paramete r ,  i f  i t  had been taken i nto account , woul d 
have consi derably reduced the samp le . 

The d i fferences i n  age and qual i ty of bel t  weari ng between the dri-vers and 
passengers are not s i gni fi cant . 

The resul ts of  compari ng pai rs of front restra i ned occupants g i ve the fol l owi ng 
resul ts : 

1 - No s i gni fi cant di fference i s  observed between the proport i on of  restrai 
ned serious casual ties  ( O .A IS ) 3 )  among dri vers ( 10/ 1 1 2 )  and the front 
passengers ( 14/112 ) . 
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2 - The most wounded body areas are , i n  order : the thorax , fol l owed by the 
l ower members , both for the dri vers and t he i r  passengers . 

Seri ous thoraci c i nj ury (A IS  ). 3 ) i s ,  however ,  more frequent for the passengers 
than for the dri vers ( respect i ve ly  9 cases and 5 cases ) .  
On the other hand ,  seri ous i nj ury to the l ower members i s  more frequent for 
the dri vers t han the passengers ( respecti vely 6 and 3 cases ) .  

3 - Seri ous " head" i nj uri es for the dri vers are on ly  t h i rd i n  the l i st by 
order of  i mportance . I n  actual fac t ,  on ly  one case of  "head-steeri ng 
wheel 11 contact was recorded ; i t  was a seri ous i njury (A IS  5) whi ch 
occured i n  a very v io l ent col l i s i on (AV 70 km/hr ,  mean '( 18 g ) . 

In  short , when there i s  no consi derabl e i ntru s i on or rear over- l oad,  i t  cannot 
be affi rmed that the steering system generates a manifest over-risk of serious 
i njury .  

Under the previous ly-stated condi ti ons , i mprov ing  protection for front restra i 
ned occupants i nvol ved i n  frontal col l i s i ons wi l l  cons i st for the mai n  part i n  
better ri de-down between the restrai ned occupant and the passenger compartment . 
Th i s  wi l l  res ul t i n  reduci ng the l oad on the thorax and the frequency and se
ri ousness of  l ower members contacts . 
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