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I t  is obviously des irable that rnoney and effort spent on 
designing cars to give rnaxirnurn occupant protection should be 
s pent to the best advantage . The designer therefore needs both 
a theoretical understanding of the design problern and a knowledge 
of the relative irnportance of guarding agains t  the di fferent 
types of irnpac t .  The theory o f  car co l l i sions has been treated 
cornprehensively in a previous paper by the authors ( l ) ; the 
present paper gives results of an investigation of the irnportance 
of the different types of irnpac� in British accident s . For a 
better unders tanding of these practical results , however , i t  wi l l  
b e  useful first t o  give s orne o f  the findings of the theoretical 
analysis . 

Accidents are usually c l a s s i f  ied under the headings of 
1 )  s ingle vehicle a c cident s , 2 )  head-on col l i s ions , 3 )  
intersection accidents , 4 )  rear-end acc idents ,  and 5 )  s ide-swipes 
when one vehicle s trikes a glancing b low on another . The vehicle 
designe r ,  however , i s  concerned not so rnuch with accident types 
as with the di fferent types of irnpact ( including overturning as 
an irnpact )  which occur in thes e  accidents ; these irnpacts are 
a) frontal , b )  s ide , c )  rear , and d )  overturning . Ref 1 was an 
extensive investigation of the effect of these irnpacts on cars 
and their occupants in accidents of a l l  types . The rnain 
conclusions were : 

1 )  The short duration initial irnpact , l asting for about 0 . 1  
s econd , cons titutes the irnportant part of alrno s t  a l l  collis ions , 
since unrestrained occupants nearly always s trike the inside of 
the vehicle during or shortly after the end of this period . 

2 )  I t  i s  known ( l )  that rnos t  frontal irnpacts in head-on 
col l i s ions and s ingle vehicle accidents are off-centre , and 
there is therefore a tendency for rotation of the car to occur . 
I t  was shown , however , that rotation i s  of secondary irnportance 
s ince the rotation of a car during the time that e l apses be fore 
the occupants of the front s e ats s trike the windscreen or 
ins trurnent panel i s  so srna l l  that the point of irnpact i s  
displaced s i deways by less than 4 inches cornpared with irnpacts 
without rotation . 

3 )  The energy dissipated in crushing ' in a syrnrnetrical head-on 
col l i s ion is �M1M2 (v1 -v2 ) 2 where M1 , M2 , v1 , v2 are the rnas s es 

Ml
+M2 
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and initial velocities of the two vehicles . This total energy 
loss cannot be changed for the better by vehicle design . Only 
the way in which the energy diss ipated is shared between the 
two vehicles can be changed s ince this depends on the relat ive 
s t i ffnes ses of the fronts of the vehicles . The s ame conclusion 
i s  very c losely true for asynunetrical collisions . 

4 )  The influence of mass ratio i n  collis ions c annot b e  
overs tress ed .  This effect i s  we l l  known , but i t s  influence on 
the s everity of impact is often not given the importance it 
deserves . For example , in a head-on collision between a car 
weighing 1 ton and a bus weighing 5 tons , each travel ling at 
30 mi le/h , the ve locity changes are inversely proportional to 
the masses of the vehicles ; that of the car is 50 mile/h and 
that of the bus only 10 mi le/h . 

5 )  Col lis ions with walls or hedges are c onunon features of 
s ingle vehicle accident s . At angles of approach of 40 degrees 
or more , the impacts may be regarded as frontal ones . 

6 )  Mos t  impacts to the s ides of cars occur in intersection 
collisions , and in a large proportion the paths of the two 
vehicles are a t  about 9 0  degrees . As might b e  expected , the 
worst conditions in the struck car occur when intrus ion takes 
place in line with the front seat occupants . 

7 )  The theory h e lps one to understand what probably happens 
when e j ection has been found to have taken place . In the 
frontal impacts which occur in head-on collisions with other 
vehicles or with pos t s  or walls , impact of the front s eat 
occupants with the windscreen or instrument panel i s  a lmest 
certain to have occurred before ej ection , and is probably the 
most importan� f ac tor in producing i n j ury . 

Ej ection without serious impact with the inside of the 
car is most likely to occur in intersection colli s ion s , in 
overturning accidents , and to a minor extent in collis ions 
with wal l s  and posts . 

The data used in the paper 

The s ources of data were mainly police accident records 
in Hampshire , E s s e x ,  and Swansea , covering the years from 
1 9 6 5  - 70;  the s ample included urban and rural areas of three 
d i fferent types ( urban roads were arb i tr ar i ly defined as those 
with speed limits of 30 or 40 mi le/h and rural roads as those 
with higher speed limit s ) . The accidents a l l  resulted in inj ury 
to one or more c ar occupants , and the inj uries were c la s s i fied 
as s light , s erious or fatal , in accordance with the Department 
of Environment c l as s i fi cation , as follows : -



Slight injury : an inj ury of a minor character such as a sprain 
or bruis e ,  

Seri ous inj ury : an injury for which a person i s  detained in 
hospital as as ' in patient ' ,  or any of the following injuries 
whether or not he i s  detained i n  hospital : fractures , 
concus s ion , internal inj uries , crushings , s evere cuts and 
lacerations , s evere general shock requiring medical treatment , 

Death : died within 30 days of an acc ident . 

The s e  three categories o� inj ury are often cons idered to be 
too broad , and many workers use a 5 point s cale ; however , a vast 
store of information exists in police records in terms of the 
DoE class ification , and in the past many valuable researches 
h ave been carried out and deductions made on the basis of the 
triple classification . One of the purposes of the present 
investigation was to assess the value of these police records 
in providing information useful to veh i c l e  designers . 

The areas studied 

To obtain some idea of the variab i l ity in the accident 
pattern in di fferent parts of the country , the data were 
col lected from 3 areas . Altogether 1596  acc idents were 
examined , 415  from Essex ( 22 5  rural and 190 urban ) , 905 from 
Hampshire ( 5 56  rural and 344  urban ) , and 276  from Swansea 
( 7 2  rural and 204 urban ) ; the variation i n  the ratios of rural 

to urban accidents i s , of cours e ,  to be expected from the 
arbitrary nature of the police divis ions . For comparison , it 
should be noted that in Britain as a whole in 1969 38 per cent 
of i n j ury accidents to car occupants occurred in rural and 
62  per cent in urban areas . 

Table 1 shows important dif f erences between the areas in 
the percentages of the different types of accident ; it also 
contains figures for Britain ( England , Scotland and Wale s )  in 
19 69 . For the three areas combined the agreement i s  quite good 
for urban areas , but poor for rural areas , when compared with 
the national figure s . 

The percentages of commercial vehic les and buses involved 
in car accidents a l s o  showed considerable vari ation from one 
area to the other , particularly in the urban areas (Table 2 )  but 
when the three areas are taken together ,  they are not very 
dif ferent from the national averages .  

In rural areas 66  per cent of serious i n j uries ( inc luding 
deaths ) occurred in frontal impacts , 18 per cent in side 
impacts , 15 per cent i n  overturning , and only 1 per cent in rear 
impacts ;  s imi lar figures for urban areas are 74 per cent , 16 per 
cen t ,  8 per cent , and 2 per cent . 
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The severity of impacts of various types 

Although the areas studied differed from the national 
pattern in the proportions of accidents of the various types , it 
was thought that the severities of  the different types of impact 
would probably be representative of the country as a whole . 
Severity was measured by fatal and serious injuries per impact 
(see Table 3 ) , and it should be noted that , except for single 
car accidents , this figure is lower than that given by the 
ratio o f  fatal and serious injuries to all injuries , s ince in 
two or more vehicle accidents , the occupants of some o f  the 
vehicles will escape inj ury . The figures in Table 3 give a 
more accurate measure of  risk of serious injury than does the 
ratio of fatal and serious injuries to all inj uries , a measure 
of  severity commonly used . For single car accidents ,  an 
estimate of this figure has had to be made , and this is  given 
in brackets .  

Taking the Table as a whole , the values of risk in urban 
areas , particularly for single car and head-on frontal impacts ,  
appear to be abnormally high . This is believed to be a 
characteristic of  the three areas studied . A direct comparison 
with the national figures could not be made but Table 4 gives a 
comparison o f  the ratios of fatal and serious accidents to all 
inj ury accidents for the four main types of  accident in the 
three areas studied and in the country as a whole . 

All the ratios in the urban areas of Essex , Hampshire and 
Swansea are higher than in the country as a whole , on the 
average by 2 5  per cent , but the agreement is much better in the 
rural areas . No explanation has yet been found for the 
abnormally high urban risks and investigations are continuing 
since , i f  the reasons can be found , some remedial action may be 
possible in areas of this kind . In the meantime these urban 
figures together with the more representative rural ones may be 
used to assess the relative risks in the various types of impact . 

As might be expected , the Table shows that the risk of 
serious inj ury and death is particularly high in all collisions 
with commercial vehicles , especially in rural areas . This 
finding is in line with the work of other authors ( 2 )  ( 3 ) . In 
1969  2 6  per cent of all fatal accidents to car occupants were 
collisions with commercial vehicles ; nearly three-quarters of 
these fatal collisions occurred in rural areas . 

The severities in frontal impacts of cars against other 
cars are in the order which might be expected from the relative 
velocities at impact . The differences are much less marked for 
collisions between cars and commercial vehicles , particularly 
in rural areas , where all such collisions involve a high risk 
of serious or fatal inj ury . 



The high risk of serious inj ury to the occupants of struck 
cars in intersection collisions has often been ernphasised and 
rnuch effort and rnoney has been spent on the study of protective 
rneasures . The Table confirrns this  high risk but shows that the 
occupants of the striking car ih such col lisions should not be 
forgotten since they are also subj ected to a high risk of injury 
in what , for thern is usually a frontal irnpact .  

In  rear-end collisions between cars attention is usually 
concentrated on the struck car , in which neck injuries rnay be 
sustained due to whiplash . Table 3 shows that the risk of 
serious inj ury in the str±king car which suffers a frontal 
irnpact is two to f our tirnes greater than that in the struck 
car. Neck injuries in the struck car are rnainly stiff or 
strained necks ; this is generally true even when the striking 
vehicle is a cornrnercial vehicle . 

In about one-half of the single car accidents in rural 
areas , and in one-quarter in urban areas overturning occurred , 
and resulted in one of the highest figures for severity , both 
in rural and urban areas . 

It had been hoped that the figures in a table of severities 
such as Table 3 would have been generally applicable , but it 
appears that in the three areas chosen the accidents in the 
urban areas were unusually severe . While this is disappointing 
frorn one point of view , it raises interesting points regarding 
local differences in accident patterns which it is hoped to 
pursue further .  

Sorne characteristi·cs of  the accidents 

The circumstances in which the various types of irnpact 
occur are given in Table 3 .  Frorn the police records a nurnber 
of interesting features of these accidents rnay be deduced . 
Many others have been ornitted because of lack of space . 

In single vehicle accidents inj ury results either frorn an 
irnpact to the car or frorn overturning or very rarely frorn both . 
The irnpacts were nearly all frontal ( 9 4 % ) . The rnost cornrnon 
obj ects struck are given in Table 5 .  

Trees , poles and sirnilar obj ects were struck in about 
45  per cent of the irnpacts , larnp colurnns being the rnost cornrnon 
obstacles in towns . The ratios of fatal and serious to all 
accidents for these irnpacts were 0 . 67 in rural and 0 . 6 2  in 
urban areas - both very high , and showing only a srnall difference 
between rural and urban areas 1 4 ) sirnilar results have been 
reported by Starks and Mi ller . 

Almost all the side irnpacts occurred at intersections -
about 9 7  per cent in rural areas and 9 5  per cent in urban areas . 
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The reports of intersection accidents often gave enough detail 
including dimensioned sketches f or an estimate to be made of the 
angle between the longitudinal axes of the vehicles at the 
moment of impact , and of the speed of the struck car and 
sometimes that of the striking car . Table 6 gives the estimated 
angles and Table 7 the estimated speeds in accidents in the 
Hampshire area . 

The two tables indicate that in mos.t of these intersection 
accidents the struck car was struck at right angles while 
moving slowly across the path of the striking vehicle . 

Almost all impacts to the rear of the car occurred in 
rear-end accidents when one vehicle was following another ; a 
few occurred in intersection accidents . There were many 
multiple concertina collisions in which several vehicles 
travelling in line each ran into · the one in front ; on rural 
roads 36 out of 106 rear-end accidents involved more than one 
vehicle ; on urban roads 42 out of 107 were of this type . Some 
of the injuries recorded as due to a rear impact may , therefore , 
have resulted from a frontal impact with the vehicle ahead . 

Almost all overturning occurred in single car accidents . 
Table 8 gives the manoeuvres of cars before overturning . It 
is notable that in only a small proportion ( about one-quarter ) 
of these accidents was there first an impact with an object 
other than the kerb or verge , and th�t the kerb or verge was 
mentioned in a large proportion of the rural accidents . 
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Table 1 :  Percenta es of in " ur accidents in rural (R )  and 
urban U )  areas 

1 
Type of  accident Essex Hampshire Swansea All 3 areas Britain l--=R---,---U�1---R-=--,-�u--+----R---r--u-r--R-....--u--+--R=--�, --u� 

Single car 
Head-on 
Intersection 
Rear-end 

.. 
Side-swipe 

45  29 24 
29 2 4  19 
13 2 6  3 5  
10 16 18 

3 5 4 

21  38 34  1 30 2 6  4 5  1 26 
13  4 5  lo 1 24  ls-

27--J -14  
44  6 --29i-2·7 ··- - ·-·36··· - -15··- · i 36  -- --- --!--·- ----· - 1 
l�

-
1 

+ 2� j 1: 1: �-��\ 
Table 2 :  Percentage s of  injury accidents involving commercial 

vehicles and buses 
Essex 

Rural Urban 

19 2 3  

Hampshir 
RurallUrb 

e Swansea Al l 3 areas l Brita " n  1969 
rban 

27 18 

an Rural 

21  

Urban 

12 

Rural Urban 

2 4  18 

Table 3 :  Severities of impact 

Rural u 

19 2 2  

Deaths + serious injuries per impact 

Car 
+ 

Rural Urban 
·--------· V car 1 Car V car 

s ingle Car Car V + single Car 

-- --

Car V 
Type of impact car V cv 1 car + cv car V cv car + cv 

FRONTAL 
Single car 

Head-on 
Striking car -

intersection 
Striking car -

rear-end 
Striking car -

s ide-swipe 
SIDE 
Struck car -

intersection 
REAR 

0 
(0 
0 

0 

0 

0 

0 

Struck car -rear-end O 
OVERTURN"ING 
In s ingle car 
accidents fcg 

. 5 6 

. 4 5 )  

. 40 

. 29 

. 15 

. 57 

. 41 
. ..-.„.-.. -..... 

• 04 

. 73 
• 59 ) 

- 0 . 56 
(0 . 45 )  

0 . 64  0 . 59 

0 . 69 0 . 3 8  

0 . 69 0 . 34  

0 . 5 6 o . 56 

0 . 6 3  0 . 4 4  
·-·- --

0 . 06 0 . 04 

- 0 . 7 3  
(0 . 59 )  

o .  60 
(0 . 4 8 ) 
o .  40 

0 . 17 

0 . 1 2  

0 . 30 
---· 

0 . 18 
· -

·-
-

-
-·

-
·-

-

0 . 07 

0 . 76 
(0 .  6 1 )  

-

0 . 46  

0 . 69 

0 . 2 7  

0 . 7 

0 . 6 7  
�-·---

(0 . 06 

-

0 
(0 
0 

0 

0 

0 
---· . 

0 
--

0 

0 
(0  

. 60 
• 4 8 )  
. 5 7 

. 2 2 

. 14 

• 5 

. 2 3  

. 06 

. 76 

. 6 1 )  



. fatal + serious T.able 4 :  Values of the ratio all accidents x 100 

Essex , Ham shire , Swansea Britain 1969  
Type of accident Rural Urban Rural i Urban - -- -- ---- -----�-- . -- - ---------- -------- --- -- .. . 

-fö!fü�::�n 
- :� - - _:-:: H- --� t� }t� -- --- � -� H · -��t - -

Table 5 :  Objects struck in single car accidents 

1 Fatal 1 Serious ; Slight 1 All 

__ 
ob j cc t: _ _ : 1:��=�-��;!�i-�!;,-'{ü�!Jf ll���n � �����r.�;;a11 j�ü���ü*an_ 

Trees ' po�es 1 5 +· 2 2 5  : 22  l 14 15 1 44  i. 39 and the like : : • 1 1 - -- -- - ---------- -r--- - ----; ----------. - ------- -1------·- ----j - - ---- - � -
Walls , hed'1es 1 O f O , 13 i 8 1 16 16 1 29  2 4  -
v
::;

�
:h�

;;
��k„ __ ! �+-�-+ �--+ � [ - io

_ _ _ - � 1' i�- - o �;;!I:;;1"cts 
- ---� �J��-i- !: - 4: - ( 3-f -[�r- ��:��-�j --�-��+-��- :  

Table 6 :  Angles between colliding vehicles in 
3 4 2  intersection accidents 

: i About 1 About 1 Less  than 
90 degrees ' 4 5  degrees 1 30 degrees 

-����. -� �-- r��d - ·  ����-=�-��� --�-p��. ����) -- 1 - (�er 
_ _  

c
_
e
_
n

: ) 
_ _  

���:� ·--- --- ·- ---- · --�-� · - ------ t·-- - · ---�� -- --+· l� ----- -

Table 7 :  Speeds of struck vehicles in 2 45  intersection 
accidents in Hampshire (mile/h ) 

Type of road 

Rural 
Urban 

1 1 

(10 mi le/h ' (20 mile/h j <3o mile/h j Not known 
(per cent) (per cent�pe�-�ent) 

I 
(per cent) 

_ 

i� �� i �� +--!�-----
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Area 

Rural 

Urban 

Table 8 :  Manoeuvre·s of car·s before overturning 

Lost '. Hit kerb ! Hit 1 Hit 11 Hit ! 
control : or verge ! pole type ! wall type l other . 

· J obj ect j object 1 obj ect 1 Totals 
-- -----.----·-·-· --- - ---t- .. J .. _. -·-··---- -

1 1 ' 
29 27 

11 3 

8 6 3 7 3  
--- --------r---·-+----·-·-----

4 6 
J 

1 ' 2 5  




