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ABSTRACT 

Some o f  the risks and causes o f  inj ury to chi ldren associated with being 
unres t rained in car co l lis ions are outlined, based on a s amp le o f  high energy 
crashe s . Data from a ques t ionnaire survey of a separate sample of 6 6 3  
chi ldren who were wearing some type o f  restraint sys tem i n  c o l l i s ions i s  
presente d .  For unre s t raired chi ldren the resul ts  from the s e  s tudies show 
that head inj uries are very importan t ,  and partial ej ection is  a frequent 
mechanisn of inj ury . For r e s t rained chi l dren head inj uries are the mo st  
common type o f  inj ury and intrusion and l ateral loading are dominant causa l  
factors . There i s  no evidence of s evere neck inj uries for res trained ch i l dren 
nor any sugge s tion that dece leration forces without spec i f i c  contacts are 
generating maj o r  inJ uries . Intrus ion , seat movement and seat danage are the 
main factors which prej udice the s afe ride-down enve lope . Some consequences 
of  the s e  data are reviewed in r e lation to the p rob lens o f  the dynamic 
model ling of young car occupants . 

INTRODUCTION 

The data in this paper comes partly fron the f i le s  of the Accident Research 
Unit at B i rr.ringham Univers i ty and p ar t ly from answers to  q ue s t ionnaires 
comp leted by people invo lved in co l l i s ions in whi ch a chi ld restraint had been 
used . The purpose  of this paper is  to examine the real-wo r l d  accident 
condi t ions in which child res traints are worn , so  that the l imi ting condi tions 
governing the i r  effectivene s s  can be evaluat e d .  By s uch s tudies we hope that 
a better  ins i ght into the actual l imi ts  of protect ion can be provided so that 
the dynamic mode l ling of chi l d  occupants can be made uore real i s t i c  and leve ls  
o f  protection increased . 

Several analyses o f  different data sets are presente d .  F i r s t ly ,  a s amp le of 
unre s t rained chi ldren is examined to deuons trate the f requency and anatomical 
dis tribution of the i r  inj uries , related to certain c o l l i s ion characteristics . 
Secondly , an analysis  i s  made o f  the answers to que s ti onnai re s  returned by 
people involved in col l i s i ons in which a chi l d  was us ing a res traint system . 
To supp l ement that accident dat a ,  1 6  addi tional cases taken from the ARU f i l e s  
in which chi ldren were us ing the i r  restraints are reviewed .  Thirdly , the 
f requency and position o f  intrus ion into the passenger compartment is  di scussed 
based on a separate s amp le of fatal c o l l i s ions , because intrusion appears as an 
important limiting feature in t h e  protection of chi ldren . Fina l l y ,  the 
particular feature ·of the performance of folding rear seat b acks in impacts is 
reviewed because in e s tate cars and hatchbacks the release of the rear seat 
back appears to be an event which could we l l  reduce the e f f e c t iveness of sone 
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chi ld res traint systems . 

DEFINITION OF VARIABLES 

The two bas ic independent variables used in raany analyses of accident data 
relate to inj ury severity and collis ion sever i ty . In thi s  s t udy the 1976 
revi sion of the A . I . S .  i s  used to rank the inj uries ( A . A . A .l1 .  19 76) ; and 
collision severity is assessed using the Equivalent Test Speed (ETS ) concept 
( lfackay and Ashton 1 9 7 3) . In addi t ion a safe ride-down enve lope (SRDE) for a 
child in the rear of a car has been define d .  Thi s envelope defines the space 
in which a child may move without making a contact with the undeforr.1ed car 
structure . 

For chi ldren seated in the centre rear seating posi tion , the dimensions o f  the 
SRDE were inves t i gated for 74 types of cars representing the maj ori ty of 
re�is trations in the U . K .  in 1 9 7 4 .  The SRDE approximated to a paral lelep iped 
of leading dimensi ons B ,  C and I ,  which are defined in Fig .  1 .  The variation 

FIGUHE 1 DEFINITION OF DIHENSIONS B ,  C and I 

Dimens ion t interior width of rear compartmen t at 
head level 

of dimension B ,  the distance between the rear of the front seat and the rear 
seat back , represents the safe limit of forward movement for a res trained chi ld 
in a frontal impact . 96% of the vehicles had dimens ion B (when the seat was in 
i ts mos t  rearward pos i tion) � 508rnm, and C>326mm and I �l080mm. S ame data 
supp lied by TNO for 38 types of car in the Ne therlands showed that 9 7% had a 
value o f  B�560nnn . The angle of the paral lelogram i s  that of the angle of the 
front seat back . 

SERIOUS AND FATALLY INJURED UNRESTRAINED CHILDREN IN HIGH ENEP,GY COLLIS IONS 

Thi s  s amp le consi s ted of 93 chi ldren in 6 1  cars . One criterion governing the 
s e lection of case s  to be included in this samp le was that at least one chi ld 
in the car had to be serious ly or fatally inj ured . The general method o f  
inve s tigation has been des cribed elsewhere ( Gloyns 1974) . 

Fig.  2 shows that 26 . 5 %  of the accidents i n  the sample were above an ETS o f  
SOkm/h and 2 . 9% be low 2 0  km/h ; thi s i s  to be compared with 2% and 7 7% 
respective ly reported by Hackay and Ashton ( ibid) for a typical U . K .  ETS 
distribution, thus showing that this s ample is at the high energy end of the 
accident spectrum. Table 1 shows the direction of impact force . Thi s  
dis tribution i s  not s i gnifi cantly different from a typ i cal U . K .  distribution 
reported by Mackay and Ashton ( ib id) . 
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FIGURE 2 ETS DISTRIBUTION 
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Representative S amp le Uackay & Ashton ( 19 7 3) . 

TABLE l DISTRIBUTION OF DIRECTION OF ItfPACT FORCE ( CLOCK CODE) 
(N = 6 1  

Direction 
% 

Direct ion 
% 

12 
5 3 . 8  

6 
0 

1 
4 . 3  

7 
0 

2 
12 . 9  

8 
1 . 1  

3 
4 . 3 

9 
5 . 4  

4 
1 . 1  

10 
0 

5 
0 

1 1  
8 . 6  

llo ll  5 . 4% 

Comp lex 1 . 1% 

The seat ing pos i tions of the children shown in Table 2 indi cates that 30 . 1% 
were in the front passenger seats and 5 8 . 1% in the rear seats , with 1 1 . 8% in an 
unknown posi tion. This is to be cornpared with the di s tribution reported by 
Lowne ( 19 74 )  whe re 0 - 3 year olds the dis tribution was 37� , 6 3% and 4 - 1 2  
year o lds 23% , 77% in the front and rear respective ly . Of the 9 3  children 
inj ured ,  6 1  (65 . 6% )  were seiously injured and 30 ( 32 . 3%)  were fatally inj ured . 
2 chi ldren ( 2 . 2% )  had inj uries which were suspe cted to be serious but were 
c lassi fied as unknown . 

TABLE 2 SEATING POSITION (N = 9 3) 

Position % 

Front Passenger Seat 22 . 6  J On Lap of Front Seat Passenger 7 . 5  30 . 1 %  
Right Rear Seat 1 1 . 8 ] 
Centre Rear Seat 4 . 3  5 8 . 1% 
Le ft Rear Seat 1 4 . 0  
In rear , actual seat posi tion 2 8 . 0  
unknown 
Pos i tion in vehicle not known 1 1 .  8 
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TABLE 3 INJURY DISTRIBUTION FOR UNRESTRAINED CHILDREN 

Samp le S ize 93 Children 

Body Location Frequency AIS 
0 1  02 03 04 05 06 

He ad 10 28 8 1 1 7  8 
Face 25 1 4  4 2 0 0 
Neck 0 1 2 0 1 1 
Ches t /Shoulder 5 3 1 4  0 3 0 
Abdomen 2 0 1 5 6 0 
Arm 15 9 2 2 0 0 
Leg 1 4  1 3  3 1 0 0 
Back 3 0 1 0 1 0 
Shock Only 1 0 0 0 0 0 

TABLE 4 SUMMARY OF LOCATION OF INJURIES GllOUPED BY HEAD , 
TORSO AND EXTREMITIES 

Head Zone 
(Head /Face/Neck) 

5 4 . 2% 

N = 2 2 7  

Torso 
( Chest /Shoulde r /  
Abdomen /Back) 

1 9 . 4% 

Extremities 
(Arm/Leg) 

2 6 . 0% 

Shock 
Only 

0 . 4% 

Total 

72 
46 

5 
25  
1 4  
2 8  
3 1  

5 
1 

227  

Tab le 3 shows the inj ury dis tribution at a given body location by severity , 
whi lst Table 4 shows the distribution of the inj uries by grouped body zone 
i . e .  head zone (head , face and neck) , torso and exterrni ties (arCTs and legs ) . 
Tab le 5 shows the inj ury data analysed by the location of the inj ury of highest 
seve ri ty . Thus the ove ra l l  dis tribution of location of injuries shows that the 
head zone i s  the most connnon locat ion (5 4 . 2%)  compris ing 3 1 . 87. head , 20 . 3% face 
and 2 . 2% neck . The next mos t  connnon zone being the extremities ( 26%)  
cornpris ing 1 3 . 6% legs and 1 2 . 4% arms . 

However ,  perhaps the most important divis ion of all i s  that between non- li fe 
threatening ( AIS 1 - 3) and life threatening (AIS 4 - 6) , s hown in Table  6 .  
The sequential order for non- l ife threatening inj uries was head 20 . 3% ,  face 
1 8 . 9% and legs 1 3 . 2% ;  whereas for life threatening inj uries the orde r was head 
1 1 . 5 %  abdomen 4 . 8% ,  fol lowed by face and chest /shoulders 1 . 3% .  

Thus i t  wi l l  ·be seen that inj uries t o  the neck represent only 2 . 2� o f  the tota4 
the neck location being ranked seventh out of the nine body locations . Further 
i t  w i l l  be noted that 50 of the 9 3  chi l dren had their rnos t severe inj ury at the 
head and a further 12 had an inj ury to the head and another location of equal 
rnaxirnum severity . This means that 76 . 5% of the chi l dren had inj ur ies to the 
head which were either of the rnaximum severity or equal rnaximum severity with 
another body location . Thus it is concluded that the head is the location with 
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the highe s t  frequency of inj uries , b o th non- life threatening and life threaten
ing . 

TABLE 5 DISTRIBUTION OF LOCATION OF INJURY BY HIGHEST AIS 

Location No . of times inj ury No . of times inJ ury 
cited as highes t  AIS c i te d  as highes t  AIS 
for a sinßle body at more than one 
location location 

He ad 50 1 2  62 
Face 2 5 7 
Neck 2 0 2 
Che s t /Shoulde r 2 3 5 
Abdomen 2 3 5 
Arm 4 5 9 
Leg 6 1 7 
Back 0 0 0 

Total number of children where location ot inJ ury l. S  known - 81 
I I  I I  " I I  " " I I  I I  unknown 12 

TABLE 6 DISTRIBUTION OF AIS 1 - 3 AND 4 - 6 INJURIES 
GROUPED BY LOCATION 

Tot al Number of Inj uries = 22  7 

% Injuries at Given Location 

Location AIS AIS Total 
1 - 3  4-6 

He ad 20 . 3  1 1 . 5  3 1 . 8  
Face 1 8 . 9  1 . 3  20 . 2  
Neck 1 .  3 0 . 9  2 . 2  
Che s t /Shoulder 9 . 7  1 .  3 1 1 . 0 
Abdomen 1 .  3 4 . 8  6 . 1 
Arm 1 1 .  5 0 . 9  1 2 . 4  
Leg 1 3 . 2  0 . 4  1 3 . 6  
Back 1 .  8 0 . 4  2 . 2  
Shock Only 0 . 4  0 0 . 4  

78 . 4% 2 1 . 6% 100% 

Tab le 7 shows the frequency of comp lete or partial e j ection amongst s eriously 
and fatally inj ured chi ldren . l t  may be that e j e ct ion i s  associated with 
relat ive ly high energy accidents but these data sugge s t  that ej ection e ither 
parti al or comp lete , may be an important inj ury - producinß mechanism for 
unres t rained chi ldren . 
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TABLE 7 FREQUENCY OF COHPLETE OR PARTIAL EJECTION AHONGST 
SERIOUSLY AND FATALLY INJURED UNRESTHAINED CHILDREN 

Not ej ected 
Ejected ( full  or partial) 

DATA FROM THE QUESTIONNAIRE S URVEY 

Seriously 
Inj ured 

5 6  
5 

6 1  

Fatally 
Inj ured 

25 
5 

30 

The T ransport and Road Research Laboratory in conj unction with K . L .  Automo tive 
Limited have developed a que s tionnaire which asks parents  who purchase chi l d  
res t raints to re turn the form completed if they are involved in a colli sion 
(Lowne 19 74) . This procedure has the advantage of providing relatively large 
numbers of cases but the detail and accuracy of the information is necessarily 
not as good as that coming from speciali sed inve s tigati ons . These data 
include both res t rained and unres t rained chi ldren , the latter cominß from a 
car in which a child was re s t raine d .  The cases are classified as follows : -

Res trained groups 12 chi l dren in res t rained carrycot s  
5 7 1  children in chi ld seats 

80 chi l dren in chi ld harnesses  

663 

Unres t rained groups - 23 children in unres trained carrycot s  
10 chi ldren o n  lap o f  front seat passenger 
66 chi l dren unres trained . 

99 

These case s  exhibited accident parameters indicating that the maj ority were 
relatively low speed co llisions . 

The seating distribution, Table 8 ,  shows that a high pe rcentage of the responses 
were such that the seat pos i tion had to be classified as unknown , due to an 
ambiguity on the que s t ionniare form, but i t  was suspec te d  that the overa l l  
maj ority o f  these chi l dren were in fact s i t ting i n  the rear . I n  order to 
inves tigate this hypothe s i s , observations were made of the pos i tions in which 
390 chi ld seats and harnesses  were fitted in vehi cle s .  Thi s was used as a 
control s amp.le . These results showed that less than 0 . 5% of the vehi cles had 
re s t raints which comp lied with BS . 3254 - 1960 fitted on the front passenger 
seat 
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TABLE 8 SEAT POSITION OF CHILDREN BY RESTRAINT 

% in Seat Posi tion Control Samp l e  % F i tted 
(Questionnaire) by Re s t raint 

Res trained Chi l d  Harness Overall Child Harnes s  Impact 
Carrycot Seat Seat Shield 

Front 
Passenger Seat 0 0 . 2  0 0 . 49 0 .  74 0 0 

Right Rear 
Seat 8 . 3  1 . 2  1 . 3  29 . 2 7  24 . 16 39 . 1 7 0 

Centre Rear 
Seat 0 1 . 2  1 . 3  2 3 . 90 2 8 . 25 15 . 83 0 

Left Rear 
Seat 0 3 . 0  3 . 8  46 . 34  46 . 84 45 . 0  100 

Somewhere in 
Rear 5 8 . 3  2 4 . 5  3 7 . 5  

Posi tion 
Unknown 33 . 3  69 . 9  5 7 . 5  

Total N = 12  5 7 1  80 390 269 120 1 

Thus i t  i s  reasonab le to conclude that the raaj ority of the chi ldren who were 
res trained e i ther in seats or harnesses and who were class ified as ' po s it ion 
unknown ' were in fact in the rear s eat ing positions . 

The overall chi ld age and mass d i s tributions are shown in Tab l e  9 and Figs . 3 
and 4 .  

TABLE 9 SUMMARY OF AGE AND MASS STATISTICS FOR P-E STRAINED CHILDREN 

Age - Months Hass -- kg 

Restrained Carrycot Child Seat Harness 
Age Mas s Age Mass Age Hass 

Mean 3 . 7  6 . 6  22 . 2  1 2 . 0  5 8 . 2  1 8 . 4  
S t d .  Dev .  2 . 74 1 .  87 1 1 . 9 3 2 . 78 2 4 . 0 1  4 . 9 1 
Range 1-9 3 . 6- 8 . 2  5--84 5 . 5-25 . 5  5 - 1 2 1  6 .  4-3 1 .  8 
Range implied 
by BS . 3254 0-9 0-9 9-5 7 9-18 5 7-132 1 8-36 
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FIGURE 3 Clfl.fULATIVE FREQUENCY - AGE - CHILDREN IN RESTRAINED CARRY COTS 
CHILD SEATS AND HARNESSES 
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Of parti cu lar interest are the dis tributions f o r  children in seats ana 
harne s s e s  when compared with the appropriate ranges implied in BS . 3254 - 1960 . 
These indi cate that although the maj ority o f  the chi ldren in seats were wi thin 
the age/mass range implied by the s t andard , over 50% of  the chi ldren in 
harne sses were younger than the minimum age ( 5 7  months) which is implied in the 
s t andard and hence of lower mass .  The mean age of  chi ldren in seats being 22  
months compared wi th the age range imp l ied by the s tandard o f  9 - 5 7  months , 
whi l s t  the mean age for the chi ldren in harnesses was 5 8  months compared with 
the range imp li e d  by the S tandard of  5 7  - 1 3 2  months . 
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Consequently , the mas s  range for the chi ldren in harnes s e s  was 6 .  4 - 3 1 .  8 kg 
compared with the range in the s t andard of 1 8  - 36 k g .  Hence for mode l l ing 
purposes the f i e l d  s tudy indi cates that the mas s  selected for chi ldren in 
harnesses should be  lower than that given in the s t andard . 

Inj urie s .  Table 10 shows a s ummary of  the location of  inj uries and Table 1 1  
shows these locations grouped . For both unrestrained and restrained chi ldren 

the highes t proportion of injuries occurred to the head zone , these being 6 3 . 0� 
and 5 2 . 8% respective ly . The head zone was fol lowed sequentially by the torso 
( 1 4 . 8%)  and the extermi ties  ( 1 3 . 9%)  for the res trained group , whereas this 
order was reversed for the unrestrained group being extremi ties ( 1 9 . 6% )  and 
torso ( 8 . 7%)  The d i st r ibution by seve r i ty was e s t imated on the AIS scale as 
shown in Tab l e  1 2 . l t  w i l l  be noted that 88 . 8% o f  the inj uries to restrained 
chi ldren were c l as s i f i e d  as AIS 1 .  

TABLE 10 S ill1MARY OF LOCATION OF INJURIES 

Res trained Chi ldren KL Samp le 

Res trained Seat Harness  ünres trained 
Carry Cot carry cot 

He ad 0 1 8  4 4 
Face 1 2 2  4 1 
Neck 0 7 1 0 
Che s t  / 

Shoulde r 0 9 4 0 
Abdomen 0 2 1 0 
Arm 0 6 0 0 
Leg 0 5 4 0 
Back 0 0 0 0 
Are a 

Unknown 0 9 3 0 
Shock Only 0 4 4 1 

Tot al  1 82  25 6 

Total Inj uries 1 5 4  9 4  Res trained chi ldren 
39 Unres t rained chi ldren 

On Lap o f  
Pas senge r 

3 
3 
0 

0 
0 
0 
0 
0 

0 
0 

6 

TABLE 1 1  SUMMARY OF LOCATION OF INJURIES GROUPED BY HEAD , TORSO AND 
EXTREMITIE S , AND RESTRAINT USE . 

Restrained 
Chi ldren 

Unres trained 
Chi ldren 

Total Inj uries 

Head/Face / 
Neck 

N % 

5 7  5 2 . 8  

29 6 3 . 0  

1 5 4  

Shoulde r / Che s t  
Abdomen /Back 

N 

1 6  

4 

., /o 

1 4 . 8  

8 . 7  

Arm/Leg 

N 

1 5  1 3 . 9  

9 19 . 6  

Area 
Unknown 

N 

1 2  

3 

„ ;, 

1 1 .  l 

6 . 5  

Unres t rai.ned 

N 

8 

1 

1 4  
4 
0 

4 
0 
3 
6 
0 

3 
0 

34 

Shock 
Only 

'" ,, 

7 . 4  

2 . 2  
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TABLE 12  % OF INJURIES IN GIVEN ZONE BY SEVERITY FOR CHILDREN 
HESTRAINED IN SEATS AND HARNESSES 

AIS 

Seat 0 1  02 0 3  0 4  05 06 Total 

Head/Face/Neck 5 1 . 2  4 . 9  1 . 2  5 7 .  3 
Che s t /Shoulde r /  

Abdomen/Back 1 2 . 2  1 . 2  1 3 . 4  
Arms /Legs 9 . 8  3 . 7  1 3 . 5  
Area Unknown 10 . 9  10 . 9  
Shock Only 4 . 9  4 . 9  

N 82 89 . 0  9 . 8  1 . 2  100% 

AIS 

Harness 0 1  02 0 3  04 05 06 Total 

Head/Face /Neck 2 8 . 0  8 . 0  36 . 0  
Che s t /Shoulder /  

Abdomen/Back 20 . 0  4 . 0  2 4 . 0  
Arms /Legs 1 2 . 0  1 2 . 0  
Area Unknown 1 2 . 0  1 2 .0 
Shock Only 16 . 0  16 . 0  

N 25  88 . 0  1 2 . 0  lOOZ 

Of parti cular intere s t  i s  the dis tribution of inj ury by body lo cation for the 
inj ured chi ldren in seats and harnesses . A theore t i cal disadvantage of forward 
facing res traints in frontal impacts i s  that the head may apply loads leading 
to neck injury during the t ime that the .chi l d '  s torso is being decelerated by 
the restrain t .  For chi ldren with inj uries of AIS 1 ,  the number of  neck 
inj uries was 7 ( 9 . 5% )  of the total o f  7 3  for the children in seat s , and 1 
( 4 . 3% )  of the total o f  22 for the chi ldren in harnesses . However , of  the 7 ,  
3 were bruises attributed to  s trap s ,  3 were reported as s t i f f  necks , and 1 
was unknown but not s erious . There were no neck injuries es timated of  
severity greater than AIS 1 in these samp les . For the res trained group , neck 
inj ury occurred with the same order of frequency as mouth lacerations and 
b ruises to the tors o .  There was 1 AIS 3 head inj ury to a child res trained in 
a seat , but . this was reported as a head contact due to intrusion of the roof 
s tructure . 

Injury Agent s .  A summary of  the inj ury agents for minor inJ uries (AIS 1 )  is  
given in Table 1 3 .  For children in seats and harnesses , the s t raps of  the 
safety system were the mos t  connnonly quoted agent at 23 . 3% and 30 . 4% respettive ly . 
These were followed in sequential order by lacerations due to  the chi l d '  s own teeth 
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6 . 8% and vehicle internal components 4 . 1% for chi ldren in seats , whi l s t  the 
order was reversed for chi ldren in harnes s e s  being 8 . 7% and 1 3 . 1% respective l y .  
Broken glass was reported a s  an inj ury agent in app roximately 4� of  the seat 
and harne ss  cases . 

TABLE 1 3  SUH MARY or INJURY AGENTS 

IN JURY AGENTS FOR INJURIES ESTIHATED 
AS AIS 1 - "' /o 

Agent Res t rained Seat llarne ss  Unres trained On Lap o f  Unre s t rained 
Carry Cot Carry Cot Pas senger 

Teeth of  chi ld 0 6 . 8  8 . 7  0 0 0 
S trap s of  Safe ty 

Sys tem 0 2 3 . 3  30 . 4  0 0 0 
Veh i c le Internal 

Components 0 4 . 1  1 3 . 1  1 6 . 7  5 0 . 0  1 7  . 2  
Glass 0 4 . 1  4 . 3  1 6 . 7  0 1 7 .  2 
Intrusion of  

Vehi c l e  
S t ructure 0 2 . 7  0 0 0 0 

Occupant 0 1 . 4  0 0 0 0 
Other o r  

Unknown 100 5 7 . 6  4 3 . 6  66 . 6  50 . 0  65 . 5  

100% 100% 100% 100% 100% 100% 

The observations based on the s e  ques tionnaire data are in agreement with the 
gene ral experience of res trained chi ldren in the ARU cases . Tab l e  1 4  
summarises the main features o f  the 16  cases which a r e  from that source . 

INTRUSION 

Several authors , Henderson and Hy l li e  ( 19 7 3 ) , Mackay e t  al ( 1 9 7 5 ) , and 
Gri f f i ths et al ( 19 76 )  have iden tified intrus ion as a factor which 
p rej udices the performance of adul t  seat b e lt s .  In order t o  inve s tigate the 
e ffects  of intrus i on ,  a samp l e  of f atal accidents was analysed from the f i le s  
o f  the ARU i n  order t o  compare the frequency o f  intrusion i n  each o f  the five 
seating p o s i t i ons found in the maj ori ty of U . K .  vehi c le s . Thi s  samp l e  
cons i s ted of  acc i dent cases representing 229  cars drawn f rom a population 
o f  260 accidents to cars and vans in which at leas t one o ccupant was fatally 
inj ured . This s amp le has been fully des cribed e l s ewhere by Gri f f i ths e t  al  
(ibid) . The 229  cars were s e lected so that a meaningful compari son could be  
made b e tween the f requency o f  intrus ion in the front and rear seating p o s i t i ons . 
Thus two-seater sports cars and vans were excluded from the analys i s . 
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· TABLE 14 SUMMARY OF ARU RESTRAINED CHILDREN CASES 

c.„ „. �, ..... O\.h.r .... •d• tlnctl„ ... QlW Ottv..-t t•jwrl•• latniel• ,.,.,.. c-u 
M ct.ject. .... Type ., '""" .... .„ „. a.oe.tlOll DHcrlp1.lo. „„rity ·-· """'°" Y••ra .„ 

„ ••-wh. tUll-ft MlNI u so- - • .„ . ... u a.t - „, ..... „„„ ... ..... „„„ 
„. DhU'UNt.H IO .„ , „ .. ."'„. �„.,„ -•t Mc- � -· htChea fdlH. 2 y„r old too J'OU"'t for Mrn•••· 

Cauaa of '"'"ry u"�-
„. "'"' ......... • .„ .... „ ·-· .... 

Dl•Ul'-t„ cu•"'Otl COftoeo klU• 
uctM '"" 
of front „.„, 

JS) Capri - 11 20- • „ ) • - „„„ ••• 
2 000 OT ,. • „ " • -· trvl•• „._.. 

. „ ... ,.„ • „„..,.„ ru '' ..... ln::h• - -· aot Utt„ to _.,... 
cara-tt..9 „„ • • ,,.,.„ .• arlt.e• fact1n·ar'a l11atrvct ... 

-· lon•„ ral l owt of 
�racktta durint roll �lld hMH on flOOI'. 

„, •. „ °"Y Ott„· „ so- • „ „„h . • raca C\.0:.1 •�.d In rar at D9a)t. ... „ 
· oi.u&\Mt.,. '° �„„��· aM root-u arlt•• 

hwl .„. 
Jldu 

,„ ,..._, "'"' • •• ·� -· .... ••• DhtrUa1t„ trlU• .„, 
Udar 

„. Trlw-ph .. „ 11 .... ·� r•c• c ... 1. :. ., • S-.11 rootw11 SHt lhher chln hhtl� uocm: ,_,. O'lrel'hp „. O\••t. Ch:.;;•d \OOt.h lnt.n ... ton 8'11:•• dueu. or 1'••• 
•• ltr•;. �..1rn• •trO.lnt th• 

Of\ C°! . eet •••t. Nelil. 
not Trl�ph „. -· IM1: 

tten1' U/•O ... „ IU. 
E•Ut.• 

UJS cortt.N 111 „ .• t l l  " ,„ „„ ........ " llltht. lntn.eion l•n „ .... Uftkt'IOlil'n ( l l J  'a overl•p •• lrito 4rl..,er'• 
• rootvoelL 

Ohu!tNt„ 

297 



In order to consider the app l i ca t ion of this data to acci dents in which chi ld 
occupants are invo lve d ,  a further sub-sample of 166 cases in which the 
accident occurred be tween 0600 and 2300 hours were s e le c te d .  Thi s t ime 
period i s  when chi ldren in the U . K .  are mos t  l ike ly to b e  inj ured . I t  was found 
that the ratio I ,  reported in Tab l e  15 , was not s i gni f i cantly di fferent 
b e tween the two sub-samples  o f  166 cars and 229 cars . Hence the re s u l t s  
of the intrus i on s tudy are cons i dered app l ic ab l e  t o  c h i l d  occupants . 

The intrus i on was es t imated for the f o l lowing 5 seat  p o s i t ions : - drive r ,  
front passenger , r i gh t ,  cen tre and l e f t  rear pas senger . for each o f  these 
p o s i tions the intrusion was es t imated at  three leve l s  in the vehi c l e : - the 
header rai l ,  the dashboard and the footwe l l ,  as shown in Figs . 5 and 6 .  

The reduct ion of the SRDE in the d i re c t ion of impact was e s t imate d .  The 
method used to e s t imate the intrusion dif fered s ligh t ly b etween cases 
involving frontal and s i deways irnpacts . In f rontal impacts ( F ig . 5 )  for the 
fron t  passenger space , the d i s tance between a ver t i cal p lane t aken through the 
seat back and another vertical p lane through the header r a i l  and dashboard 
was divided into four equal part s . Thus i f  this  dis tance was reduced by a 
quarter due t o  the dashboard rnoving rearwards , then the intrusion was defined 
as 25% . 

FIGURE 5 DEFINITION OF ESTIHATE OF 
INTRUSION IN A FRONTAL 
IMPACT 

Intrusion at Oa1h l.evel 

Intrusion at Footwell Level 

FIGURE 6 DEFINITION OF ESTil1ATE 
OF INTRUSION FOR A 
STRUCK SEATING POSITION 

No te : 50% S means 50% of the seat 
width rep resents the limit of 
Intrusion . 

In the case o f  intrus i on at the foo twe l l  leve l , 75% intrus ion imp lies  that 
half the seat cushion has been intruded .  A s imilar method was adopt ed for 
the rear seat spaces . Here the dis tance intruded in the direct ion of impact 
between a ver t i ca l  p lane drawn through the back of t he front passenger seat s 
and a vertical p lane drawn through t he rear seat squabs was e s t imate d .  

I n  s i de impacts for s truck s ide s eat posi t ion ( F i g .  6 )  the r i de-down d i s t ance 
was sma l l  or non-exi s tent and the seat ing area was o ften in trude d .  Therefore , 
a s light ly d i fferent method o f  defining intrusion was adopt e d .  Two sub
categories of e s t imate have been use d .  Up to 100% , wh i ch indi cates that the 
intrusion only entered the space ini t i al ly b etween the car side s t ructure and 
the sea t .  S e condl y ,  a suffix S whi ch indicates that the seat i t s e l f  has b een 
invaded in a lateral direction.  For obl ique impact direct ions o f ,  s ay 
2 o ' c lock , 25%S indicates tha t a l l  the space in front of the seat cushion and 
25% of the seat  has been intrude d .  Character i s t ics  showing the cumulative 
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FIGURE 7 FREQUENCY OF SOHE DEGREE OF ltlTRUSION BY SEAT POSITION 
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frequency of intrusion appear in ful l  e lsewhere (Roy 1 9 80 ) . These results 
have been summarised in Fig.  7 ,  where the presence of some degree of intrus ion 
in the different seating ?OSi  t i ons is des cribed . 

The incidence of intrusion in a l l  seat p o s i t i ons for a l l  dire c t i ons of impact , 
is shown be low: 

Driver 60 . 7% header leve l  to 55  . 9% dash leve l 
Front P as s enger - 46 . 3% dash leve l to 41 . 9% foo twe l l  
Right rear 2 1 .  4% heade r leve l to  15 . 7% footw e l l  
Lef t rear 2 1 .  8% header leve l to 14 . 4% footwel l  
Centre rear 18 . 8% dash leve l to 9 . 2% foo twe l l  

O f  particular intere s t  with  respect to chi ldren i s  the i ntrus ion a t  dashboard 
leve l ,  as thi s reduces the SRDE for a chi ld ' s  head in a forward impact .  At 
dashboard leve l the frequency of intrus i on in des cending orde r was 55 . 9% 
driver , 46 . 3% front passenge r ,  1 7 . 9% right rear , 16 . 2% l e f t  rear , and 1 2 . 7% 
centre rear . 

At a l l  three leve ls  there i s  a s i gn i f i cantly lower (p< 0 . 1%) frequency o f  
intrusi on i n  the three rear s eating posit ions than i n  the front seating 
pos1t1on.  Coroparison of the three rear seating pos i tions with each other 
does not show such a c lear p i c ture . At the header leve l , there is  no 
s igni f i cant* di fference between the l e f t  and centre rear p o s 1 t1ons . Both , 
however ,  had a s i gn i f ic an t ly lower frequency o f  intrusion than the right rear 
seating pos i ti o n .  

I n  a numbe r  of cases the seat back or seat runner s  fai led . This fai lure might 
lead to  addi tional loading being app lied to the restrained chi l d .  Hence seats 
in the sub-s amp le with zero intrusion,  no seat damage and no seat movement ,  
represent the cond i t i on o f  maximum safety . The nuraber of t imes in whi ch the 
different seating p o s i t i ons e xhibited this "safe" cond i t ion i s  shown in 
Table 1 5 . 

TABLE 15  % WITH ZERO INTRUSION AND NO SEAT t10VEMENT OR SEAT FAILURE 

Seating 
Position 

Front Passenger 
Drive r 
Right Rear 
Centre Rear 
Left  Rear 

% 

24 . 0  
1 7 . 5  
59 . 8  
66 . 8  
60 . 7  

N = 229 

Rat i o  I 

2 . 5  
2 . 8  
2 . 5  

I 
% o f  given rear seat pos i t i on wi th zero intrusion , seat movement ,  
and damage 
% of front p assenger seat pos i tion with zero intru s i o n ,  s e at movemen t  
and damage 

*Throughout this pa�e r ,  a 5% level of s igni ficance has been adopted , unless  
otherwise state d ,  X or Kolmogorov-Smirnov tests  have been used as  appropriate . 
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The analys i s  showed that the ove r a l l  f requency of intrusion at  dashboard leve l 
in the front pas senger seat was 3 . 6  times that o f  the cen t re rear seat . If  i t  
i s  accep ted that the performance o f  both forward and rearward facing restraint 
sys tems are compromi s e d  by intrusion , these data indicate that a l l  such 
systems should by preference be fi tted in the rear . 

FAILURE OF FOLDING REAR. SEAT BACKS IN ESTATE CARS AND HATCHBACKS 

The ana lysis of ARU cas es suggested that fai lure o f  t he fo ld ing rear seat 
securing l a t ches in es tate cars and hatchbacks was common and could , under 
some condi t ions , lead to add i t i onal loads being app lied  to the chi l d .  Further , 
the European Draft Regulat ion for Chi l d  Res traints ( R . 1 72) does not require 
the chi l d  seat res t raint to retain the · ·veh i c le seat back in an impact provided 
the seat back s a t i s f i e s  the vehi c le seat  regulation R . 1 7 .  This is in con tras t 
to BS . 3254 - 1960 whi c h  does have a vehic l e  s e at retention requirement . 

In the f i le s  o f  the ARU i t  was no ted that there were cases o f  vehi cle seats 
which comp li e d  with R . 1 7  failing.  Therefore , an analys i s  o f  the  performance 
of a l l  the f olding seat  backs i n  vehicles i n  the f i l e s  of the ARU was carried 
out . A total of 86 e s t a te cars or hatchbacks which had folding rear seats 
and were involved in fronta l  impacts  were s e le c te d .  Of t he s e , 5 5  vehicles 
had seats whi ch comp li e d  with the requi rer.ients  of R . 17 and 3 1  had seats whi ch 
did not comp ly w i t h  t h i s  regulation.  

Method of  Analys i s. The vehic le s  were divided into two categori e s  con s i s t ing 
of those whi c h  had seats whi ch comp li e d  with R . 1 7 and those t hat did no t .  
Each o f  these categories was further s ub-divided into tho s e  vehi cles wnich 
carried an addit ional load , s uch as luggage , behind the rear fo l ding seat , and 
those whi ch did not .  In addi t ion a sub-samp le of 69 vehi c l e s  were se lected 
where the ETS was e s t imated equal to or below 50 km/ h ,  and thus would be in 
the trontal impact velocity enve lope env i s aged within the philo sophy of R . 1 7 .  

The results are presented i n  Tab le 1 6 . No s igni f icant difference was found in 
the E . T . S .  d i s t r ibuti ons be tween tho s e  cars which comp l i e d  w i t h  R l 7  and tho se 
whi ch did no t .  

Performance. A s ta t i s t ic a l  analy s i s  of the res u l t s  showed that when the seat 
backs were unloaded t here was no s i gn i f i cant dif ference between the 
performance of those seats whi ch comp li e d  with R . 1 7 an:i those whi ch did not .  
l t  wi l l  be not e d  that 2 5 %  o f  the seat backs which comp li e d  with R . 1 7  where the 
E . T . S .  was be low 50 km/h had latches which e i ther part i a l ly or ful ly released 
the seat back . In cas e s  where the seat  backs carried a load behind tha:i, the 
performance of the R . 1 7  seats  was worse ,  a l though this  result  cannot be 
assumed as a gener a l i s a tion as it was not possible· · to i dentify the mass of 
each load . However , it is concluded that in frontal  impact s , seats which 
comp l ied wi th R . 1 7  in the veh icles  examined showed qui t e  h i gh release rates . 
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TABLE 16 DISTRIBUTION OF SEAT BACK FAILURE BY ECE 1 7  COiWLIANCE 
CATEGORY 

Group 1 
Tota l  Sample - 86 Vehicles 

Vehicle not to 
ECE 1 7  
N = 31  

Unloaded 
Seats not released 15 (68 . 2�;)  
Seats  released ( f u l l  o r  parti a l ) 7 ( 3 1 . 8%) 

Loaded 
Seats NOT released 5 ( 5 5 . 6�D 
Seats released ( fu l l  or partial ) 4  ( 44 . 4�)  

GrouE I I  Vehicles  not to 
Vehi c l e s  with ETS ,50 km/h ECE 1 7  

- 69 Vehic les N = 25 

Unloaded 
Seats NOT re leased 13 ( 72 . 2%) 
Seats released ( f u l l  o r  p a r t i a l )  5 ( 2 7 . 8%)  

Loaded 
Seats NOT released 4 ( 5 7 . 1��) 
Seats re leased ( f u l l  o r  partia l ) 3 ( 42 . 9%)  

CONCLUS IONS 

Vehicles  to 
ECE 1 7  
N = 55  

26 ( 70 .  3%) 
1 1  ( 2 9 . 7%) 

2 ( 1 1 . 1%)  
16 (88 . n )  

Vehicle to  
ECE 1 7  
tl = 44 

24 ( 75 . 0%)  
8 ( 2 5 . 0% )  

2 ( 1 6 . 7%) 
10 ( 8 3 . 3�) 

These s tudie s , a l though fragmentary , give some gui dance from f i e l d  accident 
experience on the approp riate factors which ought to be considered in mode lling 
both res t rained and unres t rained chi ldren . 

1) The Safe Ridedown Enve lope appropriate to the rear seating posi tion o f  a 
car is a2proximately a pare l le lepiped o f  dimensions greater than base 508rnm, 
width 10.80mm , and s lant height 826mm. 
2) The inj ury pattern to 9 3  unres trained chi ldren who received s erious or 
fatal inj uries showed that of the 81 chi ldren whose inj ury location was known , 
76 . 5% had inj uri e s  to the head or face . Of the life-thre atening inj urie s , 5 3 . 7� 
were located at the head and 22 . 0% on the tors o �  

3) Ej ection of unrestrained chi ldren is a fai rly corrnnon filechanism of inj ury . 

4) In the UK the great maj o r i ty o f  restrained chi ldren (>95%)  travel in the 
rear si t ting zone . 

5 )  The age d i s tribution of chi ldren us ing chi l d  seats corresponds to the 
range imp l ied by the mass range specified in the British S t andard ( 3254 - 1960) . 

302 



For chi ldren using chi ld harness  systens however , so: were younger than the 
minimum implied age of 5 7  months which corresponds to the lower nass range of 
the S tandard. 

6) O f restraine d  chi ldren receiving inj uries , 6 3% had head inj uries . 

7) Que s t ionnaire returns relat ing to restrained chi ldren , indicated that there 
were no neck inj uries greater in severity than A . I . S . l .  Neck inj uries of 
A . I . S . 1 represented 10% of those inj ured in seats and 4% of tho se in harnesses . 

8) Que s t i onnaire returns indicated that the causes of mo s t  inj uries to 
chi ldren using rest raints were the s t raps of the res traint systems or the 
teeth of the chi l dren causing lacerations of the nouth and l i p s . 

9 )  In an ARU s amp le of  accidents in which there was a fatal casualty 
( us ually adu l t )  the frequency of intrusion , and movement or seat mounting 
fai lure in the f ront passenger seat was approximately three times that of the 
centre rear s eat p o s i t i o n .  

1 0 )  A separate analy s i s  of  frontal irnpacts involving estate cars and hatchbacks 
showed that in 44% of those cases  the rear s eat backs released ei ther fully or 
parti a l ly . In accidents be low an e s t imated ETS o f  50 km/hr sone 25% of  rear 
seat backs fai l e d ,  and there was no difference in those failure rates between 
seats which comp lied wi th R . 1 7 and those that did not . 
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