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Abstract 
This  report  examines  data  relating to all car  crashes  occurring in Australia in 1990 where at 
least one occupant  fatality  resulted  from an nupact  to  the  side  of  the  vehicle. In total  34% of 
all cars with  occupant  fatalities  sustained  a  side  impact, with equal  numbers of such  impacts 
occurring  to  the  driver  and  passenger  sides. 
While side  impacts  were  found to  be  more  likely  to  occur in urban  areas  and  involve a collision 
between vehicles  at  an  intersection,  this  situation  is  far  from  typical. For esample,  40% of all 
fatal  crashes  occur  in rural areas  and  59%  occur mid-block  (ie away  from  intersection) 
In addition  40% of side  nnpacts  result  from  a  collision with  a  fixed  object  such as a tree or pole 
rather  than  being hit by another  vehicle. 
The  vast  majority of side  impact  fatalities  result  from  a  very  small  number  of  crash types with 
four patterns  accounting  for  83%  of  multiple  vehicle  crashes  and  another  four  patterns  of 
crashes  accounting  for  94% of single  vehicle  side  impact  crashes. 
Although  left  and  right  impacts  were  equally  common  anlong  vehicles wth occupant  fatalities, 
a much  higher  proportion  of  potentially  lethal  slde  impacts  occur on the  passenger  side  but 
generally  do  not  result  m  death  because  the  passenger  side  seats  are  often  unoccupied. 

Keywords 
Fatalities,  side  impact,  occupant  protection,  cars 

Notes 
(1) FORS  research  reports  are  disseminated  in  the  interests of information  exchange. 
(2) The views  expressed are those of the  authors  and  do  not  necessarily  represent  those of 

the  Commonwealth  Government. 



Table of Contents 

Executive  summary ........................................................................................................................... 1 

1 . Introduction ................................................................................................................................... 5 
1 . 1  Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 

1.2 Report structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 
1.3 Definltlons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 

1.4 Overall  impact  dlstrlbutlon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 

1.5 Side  impacts dlstrlbutlon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 

. .  

. . .  

. . .  

2 . Characterisation of side  impact   crashes ................................................................................... 10 
2.1 Crash settlng . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 

2.2  Crash  event . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 

2.3  Crash  outcome . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19 

.......... 3 . Differences between  side  impacts  with  other vehicles and  side  impacts with objects 26 

3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26 

3.2  Crash  setting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26 

3.3  Causal  factors ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28 

3.4  Struck  car  details . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29 

3.5 Drivers and  passengers in the struck  car . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31 

3.6 Multiple vehicle  slde Impact crashes  32 

3.7  Side Impacts with objects  (single  vehicle  side impact crashes) .................................................... 37 

. .  ............................................................................................ 

4 . Left and  right  slde  Impacts ......................................................................................................... 40 

4.1 Estimation of distribution of impacts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  40 

4.2  Differences  between left and right impacts:  fatalities  and physical factors ................................... 48 

. .  

References ....................................................................................................................................... 51 

Appendix .......................................................................................................................................... 52 
Fatality File coding: point and  direction of impact .............................................................................. 52 
Major Impact types  53 . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Table of contents I 



Executive summary 
This reporl examines data relating to all car7 crashes occurring in Auslralia in 1990 where at least one occupant 
fatality resulted from an impact to the side of the vehicle. An enrlier report (CR 138) dealt with slmnilau data Cor 
fatal frontal impact crashes. 

In total, 34% of all cars  with occupant fatalities sustained a side impact, with equal numbers of such impacts 
occurring to the driver and passenger sides. 

Characteristics of fatal side impact crashes 

Compared with frontal impacts. side impact crashes are more likely to occur in urban areas, and are more likely 
to involve a collision between  vehicles at an intersection, with  only 20% of  such intersections being controlled 
by traffic lights. 

Nevertheless, this crash pattern is far fTom typical. Specifically. 40% of side impacl crashes occur in rural areas 
and 59% of side impact crashes occur mid-block. In addition, 40% of all  side  impacts  result from a collision 
with a fixed object such as a tree or pole rather than being hit by another vehicle - n result very similar to that 
obtained when frontal impacts were examined. 

Lost of control on h e  left hand shoulder of the road was a causal factor in 19% of aU fa!A slde impact car 
crashes, and 47% of side impact crashes  which  occurred  on roads withunsealed shoulders. 

Fatal side impact crashes are just as likely as fatal frontal impacts to involve drink driving and even more likely 
to involve excessive speed. Driver error also features more prominently  compared to frontal crashes, but fatigue 
seems to play a less important, rolc. 

Overall, 81% of the  drivers of the cars receiving the side impact were judged to be fully or partially responsible 
for the crash (compared  with 73% of drivers of cars receiving a fatal kontal impact).  When  the analysis was 
limited to crashes where the fatal side impacts resulted from  being  struck  by another vehicle, the driver of the 
struck vehicle was still judged to have  been  fully or partially at fault in 73% of the cases. 

Car occupants killed in side impact crashes  were  slighlly more likely to have suffered severe injuries to several 
body regions than those killed in frontal car crashes. For example, they were slightly more likely to hme 
sustained severe simultaneous injuries to the head and other body regions, and less likely to hage died after 
suffering injuries conried to the chest region. 

Severe spinal injuries were  detected in 8% of side impact car occupwl fatalities, but  only 4% for those  killed in 
frontal impact crashes. 

Side  impacts:  Executive summary 1 



Comparison of single vehicle  and multiple vehicle  side  impacts 

more likely to occur: 
Single vehicle side impact crashes, compared with side impacts resulting from being hit by another vehicle  were 

in rural areas (54% vs 31 %) 
away from intersections (93%  vs 36%) 
atnight (61% vs 28%). 

Drivers of vehicles colliding with fixed objects also were more likely to have been: 
male (76% vs 62%) 
under 25 years of age (54% vs 23%) 
not w a i n g  a seat belt  (20%  vs 6%) 
engaged in drink driving, speeding or other risk  taking  behaviour  (69% vs 28%). 

In addition, vehicles involved in collisions  with Fied objects were  likely to hdve had a mass  over 1300 kg (43% 
vs  27%). 

Crash types 

accounted for by 8 basic patterns. 
Although fatal side impact crashes result from a variety of crash circmnstancm, X7% of these crashes are 

Multiple vehicle  crashes 

Although the relative mass of the striking and struck  vehicles might have been expected to be less important 
than in  the case of frontal crashes, 72% of cars sustaining a side impact wcre hit by either a heavier car or a 
larger vehicle such as a mck,  bus, or 4 wheel drive. This is almost the sane result as obtained when fatal 
multiple vehicle frontal impacts were examined. Nevertheless. the velocity  of  the  striking vehicle was: generally 
less  than that of striking vehicles in fatal frontal crashes. 

Four patterns  account for 83% of multiple vehicle crashes: 

1 .  Through  through 

one vehicle (generally  the one sustaining the fatal impacl) breaches right of way, In 81% of cases  only 
Vehicles coming  from  adjacent directions, both of which were going straight, collide at an intersection when 

passive control signals  (eg stop or give way signs) existed at the intersection. 

2. Head of1 
Vehicles from opposing directions collide mid-block, generally eilher alter the struck vehicle lost control on 
an unpaved shoulder or strayed into the lane of an oncoming vehicle on a curve. 

3 Through  right  (opposing) 
A vehicle turning right at an intersection is hit on the passenger’s side by an oncoming vehicle going 
straight through. The turning vchicle was typically at fault. 

4 .  Through  right  (adjacent) 

attempls lo turn right and is hit by a vehicle on the car’s right going straight. The car was typically hit on 
A car at an intersection (in the majority of caes, a “T” intersection), adjacent to the stream of traffic, 

the driver’s side and a majority of these drivers werc at least partially at fault. 

Single  vehicle  crashes 

involving  impacts  with trees or poles. Four patterns account for 94% of single vehicle side impact crashes: 
Single  vehicle sidc impact crashes  overwhelmingly result kom collisions off the carriageway, generally 

I .  Offright  bend 
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A vehicle on a right bend  lcavcs  the carriageway; almost half of these crashes occurring after the vehiclc 
loses control on the left h'md shoulder. 

2. Off left on straighl 
A vehicle  on a straight road leaves the carriageway to the leCt.  In half of these crashcs the car loses control 
on the road shoulder. In the remaining cases  the vehicle was  generally speeding on an urban road. 

3. Offright on stralghl 

urban roads. 
A vehicle on a straight road leaves the carriageway to the right. Such crashes often involved speeding on 

4 .  Off le j i  bend 
A vehicle on a left bend  leaves  the cmiageway, generally resulhng in a driver side impact. 

The incidence of left and right side  impacts 

The data suggest that although left  and right impacts were equally common among  vehiclcs  with occupant 
fatalities, a much higher proportion of potentially lethal side unpacts occur on the passenger side. The 
difference in the distribution of potential and actual lethal impacts is due to the fact that thc passenger side of 
the vehicle is often  unoccupied and impacts occurring there are therefore less Likely  to cause death. 

The fact that there a x  more passenger side impacts does not.  however,  appear to imply overall  safety 
disadvantage to those occupants in that position. This is partly because it is not always only  thc occupant 
closest to the impact  who dies. In addition, it appears that the driver map he at a disadvantage relative to the 
front passenger in rollover crashes. 
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Differences between actual driver and  passenger  side fatal impacts 

Except for obvious differences in the characteristics of people killed (eg driver deaths accounted for 73% of 
deaths in fatal driver side impacts, but only 34% of deaths resulting  from passenger side impacts), the major 
differences in  crash characteristics between left  and right impacts relate to vehicle speed and the nature of the 
striking vehicle. 

Cars sustaining a fatal driver side impact were less likely to have been travelling  over 60 kph, and, in the case 
of multiple vehicle crashes, were more likely to have been shuck by a heavy  vehicle. 

4 Side impacts: Executive  summary 



1 .  Introduction 

1.1 Objectives 

This report describes crashes in  which  car occupanls are killed as a result of impacts to the sides of their 
vehicles. It is the second in  a series which deals with different types of collisions resulting in  car occupant 
fatalities. The lint report was  concerned  with frontal impacts'. 

Various aspects of  Ihe crash, the  vehicles and road users involved and the injury outcome are delailed. 

other vehicles, and between impacts on the left and right sides of the car. 
Additionally.  co1nparisons are made  between side impact  coUisions with objects and side impact collisions with 

police in Australia in 1990. This is supplemented with  the corresponding FORS 1988 Fatality File, where 
The major data source is the FORS' 1990 Fatality File database comprising all fatal road crashes reported to 

necessary. Comparisons are also made with a similar database from  the  United States of America (FARS"  
1991-93). 

1.2 Report  structure 

Chapter 1 contains vehicle and impact definitions and the overall impact dislribution. More specific details 
with respect to the coding are found in thc Appendix 

Side impact crashes are characterised in Chapter 2. Single vehicle and ~nultiple vehicle side impact crashes are 
compared in Chzzpter 3. Left and right side impacts are compared in Chapter 4. 

1.3 Definitions 

Cars 

The definition of car used in this report includes sedans, coupes, station wagons, hatchbacks, sports cars and 
convertibles. Panel vans and utilities  based on  a car design (namely, Ford  and Holden) and other larger 
passenger vehicles. such ils passenger vans, four wheel dnve vehicles and light bucks are excluded from the 
primary analyses in this report. The occupants of cars (thus derined) comprise 30% of all road users killed in 
Australia in 1990. 

In terms of vehiclenumbers, cars make up 57% of  vehicles involved in fatal crashes. The other larger 
passenger  vehicles  (vans, 4WD etc) comprise a funher 16% of vehicles involved (Table 1). This report 
concentrates on cars with occupant fatalities. For 989 of the 1657 cars involvd in fatal crashes at least one 
occupant was killed or died  within 30 days (Table 1). Cars comprise 80% of passenger vehicles with occupant 
fatalities (989 out of 1233). 
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Table 1 ,  Number and perceniuge ofdifferen,r types of vehicles  involved in futul  crushes in Australia 1990 
by whether or no1 occupants  were killed (FORS I990 Fatuliiy File) 

Number of  occuDant  or rider fatalilies Total vehicles 
Vehicle  type No fatalities At least one fatality in fatal crashes 
Two  wheel 

MCImoped 
Bicycle 

Passenger vehicles 
Car' 

23 2% 248 15% 21 1 9% 
2 0% 80 5% 82 3% 

668  53 % 989 59 % 1657  57 % 
Utility 54  4% 71 5% 131 4% 
4wD 58 5% 55 3% 113 4% 
Passenger van 48 4% 37 2% 85 3% 
Car-based utility 38  3% 44 3% 82 3% 
Panel van 16 1% 23 1% 39 1% 
Light truck 10 1% 8 0% 18 1% 

Heavy  vehicles 
Articulated truck 161 13% 56 3% 223  8% 
Rigid truck 118 9% 26 2% 144 5% 
Bus 22 2% 7 0% 29 1% 

Otherlunhown 32 3 96 13 1% 45 2% 

Total 1256 100% 1663 100% 2919 100% 

*The primary  vchicle  type studied in this report. 

Impact types 

Vehicles with occupant fatalities were initially classified intc broad impact groups (front, side, overturn, other) 
based on the location of the impact most likely to have caused  the fatality. Fifty-seven (6%) of the  989  cars  with 

indirectly or not related to the crash'.  A small number of  cases (5) for which  (he cxact location  of h e  impact on 
at least one  occupant fatality were excluded from the analyses, since the cause of death was coded as only 

the car was &own were also excluded. 

The impact groups  were derived from thepoint of primary impact and diremow of primary impact items in the 
1990 Fatality File database (Figures A1 and A2 and Table A1 in the Appendix). 



1.4 Overall impact  distribution 
The overall impact distribution for cars and other passen&er vehicles  involved  in fatal crashes m 1990 in 
Australia in which at leas1  one occupant dies as a result of the impact or ovcrlum is shown in Table 2. The 
front of the vehicle is  themost common fatal impact location (45%). There were equal numbers olrighl side 
and lect side unpacls (both 17%). Overturns also compriscd 17%. The remaining 4% comprise impacts at the 
rear, on the roof and undercarriage. The impact distribution is shown for urban and rural  mens separately i n  
Figure 1. Urban areas have a higher percentage of side impacts, whereas rural areas have a mrlrkedly hgher 
overturn rate. 

Table 2. Number and pet-centoge of passenget-  vehicles with at least one direct impact related occupant 
fatalicy by impact Iocarion on the  vehicle and vehicle Ope (FORS 1990Fotalit], Filej 

Fatal impact a e a  
Vans, 4WD, ulililics, 

Passenger cars lisht mucks 

Front 42 1 45% 94 
Right (driver’s)  side I56 15 1% 

45 % 
17% 

Left side 162 17% 1 1  5% 
Other (rear. roof. undercarriage) 35 4% 4 2% 

Overturn 153 17% 84 40% 

Total  vehicles 927 100% 208  100% 

Figure I Inyocl distribulioti for  cars with at least otle direct impact related occupatlt fataliiy in urbun u r d  
rural areas  ofAastraIia (1990 Fataliry File) 

1 Urban (429 cars) Rural (496 cars) 

I 44% 47% 

21% 23% I 4% 1 1 %  

Rear,  roof, undercarriage 4% Rear.  roof, undercarriage3% 

Overturn 8% Overturn  24% 
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Among larger passenger vehicles (vans, four wheel drive vehicles, utilities and light trucks), there are 
proportionally fewer side impacts and a higher percentage of overturns compared with cars (Table 2). The 
percentage of overturns also differs within this group: 64% for lour-wheel drive vehicles  compared with 34% 
for vans, utilities and light bucks. Four wheel drive vehicles also have the  lowest  percentage of frontal impacts 
(2270) compared with the other passenger vehicles (52%). 

The impact distribution for the 927 cars is illustrated in more detail in Figure 2. This figure shows  the  broad 
impact locations broken down into the components. For example, the frontal impacts represent 45% overall 
and this is made up of 3 1% full frontal impacts (FF), 9% front right offset impacts (FR) and 5% front left offset 
impacts (FL). The component subdivisions are described  in more detail in the appendix. 

Figure 2 Percentage  distribution offatul impuct locutions on 975 cars  with  ut  least one occupant fatah& 
in  the 1990 Fatality  File 

Total frontal 45% 

Total left side 17% 

I 31% I 

Total right side 17% 

R e a r ,  roof,  undercarriage 4% 

Overturn 17% 

1.5 Side impacts distribution 

Left and right side impacts are subdivided into central, front and rear (Figure 2). The definitions used for these 
six groups according to the mea of the damage are indicated on Figure 3 .  Note  that the right side corresponds 
to the  driver’s side. The bottom half of Flgure 3 shows  the number o f  cars in each of the categories. For 
example, amajority of the right side impacts. 113 out of 156 (72%), are classified as central (and  labelled RC), 
and 81 of  these  have damage to the whole of the right hand side of the  vehicle,  indicated by the long  vertical 
line on the right side of the diagnm. Similarly. very few of the left side impacts are offset. 
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The 'L' shaped lines indicate cases where there is either a diagonal impacl to the comer of the car which 

not clear (Figure 3). Only those L impacts for which  the direction of impact is from  the side are classified as 
continues to impact both sides, or there is damage on both the front and side and thc  actual point of impact is 

side impacts. 

Figure 3. Definition  and  number  of  central  and offsel side  irnpucts accordiqg 10 yrirrurypoirlt of impact  for 
318 carswrth a i  least one direcl side  impact occuparir falalily (FORX 1990 Faralily Filej (The 
shaded areas  indicate the codes used for  ihe offset  side  impacts) 

Front of vehicle 

Rear of vehicle 
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2. Characterisation of side  impact  crashes 
This chapter describes the pre-crash setting, the crash event, the car occupant characteristics and the injury 
outcome for drivers and passengers involved in fatal side impacts. Both left and right sidc impacts are 
considered together in  this chapter. These impacts types will be compared in a later chapter (Chapter 4). 

2.1 Crash setting 

The location, road configuration and driving conditions for side impact crashes resulting in car occupant 
fatalities are summarised in Tables 3 and 4. 

Sixty percent of side impact crashes occurred in urban areas. This is higher than the corresponding percentage 
for frontal impact crashes (44% urban). As expected, the percentage of side impact crashes occurring in 
intersections (41%) is much higher than the corresponding percentage for frontal crashes (only 14%). This 
difference was observed in both urban and rural localions. 

Both  the percentage distributions of the different types of intersection (X, T, Y) and the presence and type of 
traffic controls at these crash sites were similar between frontal and side impact crashes. Almost 20% of side 

and 28%, occurred at give way  signs.  Only one side impact crash occurred at a roundabout. The remaining 
impact intersection crashes occurred at intersectlons controlled by electric lights, 24% occurred at stop signs 

28% occurred at intersections with  no traffic controls. 

non-intersection side impact crashes occurred on curved sections of road. This percentage was higher than  the 
Surprisingly, over  half  of  the side impact crashes were not related to intersections. Approximately  half of these 

corresponding percentage (40%) for mid-block frontal impact crashes. 

As with fatal crashes in general, a disproportionately high percentage of side impact crashes occurred on the 
weekend (47%), however, this was more pronounced than for fatd frontal impact crashes (Table 4). h o s t  
sixty percent of side impact crashes  occurred during the day. Interestingly, the percentage of daytime week  day 
crashes was similar for side and frontal impact crashes. However, there was a higher percentage of weekend 
day time side impact crashes (21%) than frontal crashes (16%) (Table 4). 
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Table 3. The crash  setting for  318 srde impact crashes resullixg in at least one car occrcpar~l fatality 
(FOR5 I990 Fatality File). Percentages  are also shoux f o r  421 curs  involved infalaljrontal 
impacts.  (Shaded  areas indicate percentages calculated on subsets of the d a m  Boldirrg 
corresponds to slatislicullysignificant dlfferences,  chi-square  statisticpi.05) 

Crash setting 

Location 
Crashes' 

Side llnuacts Front imuacts 
% % 

Urban 
Rural 

Saeed limit 
<= 60 kph 
65-95 kph 
100+ kph 

Location  with resuect to intersection 
Non-intersection 
Intersectiont 

UT-ban locations 
Non-intersecoon 
Intersection 

Rural locations 
Non-intersection 
Intersection 

Intersection coniixuration for 
intersection crashes 

X intersection 
Y or T intersection 

Road shoulder for non-inlersection 
crashes 

Unsealed 
Sealed 

Horizontal road alimnent for 
non-intersection crashes 

Straight 
Curve 

Vertical road aliEmnent Cor 
non-intersection crashes 

Level 
Other 

Road conditions 
Dry 
Wet 

190 
127 

119 
65 

131 

131 
187 

91 
99 

96 
31 

73 
56 

1 15 
53 

92 
95 

130 
41 

240 
74 

60 % 
40% 

44 7; 
56 76 

38 9% 
21% 
42% 

41 % 
59% 

27% 
16% 

57 % 

86 % 
14% 

48% 75 % 
52 % 2s 76 

57% 
43% 

6894 
32% 

49% 
SI% 

73% 
27 IC 

57% 
49%. 

61% 
33% 

60% 
40% 

73% 
8% 

76% 82% 
24% 18% 

Side  impacts:  Characterisation of side impact crashes 1 1  



Table 4 .  Time  of  crash fo r  318 side  impacts  resulting  in  at  least  one  car  occupant  fatality (FORS 1990 
Fatality  File)  Percentages  are  also  shown  for 421 cars  involved  in  fatal  frontal  impacts. 
(Shaded  areas  indicate  percentages  calculated on subsets of the  data.  Bolding  corresponds to 
statistically  significant  differences,  chi-square  statisticp<.OS) 

Time of crash Side imuacts Front imoacts 
Crashes % % 

Time of day 
Day (6am-6pm) 
Night (6pm-6am) 

Time of week 
Weekday 
Weekend' 

Time of the day and week 
Weekday 
Weekend  day 

Weekend night 
Week-night 

186 58% 
132 42% 

S2% 
48% 

170 
148 

S3% 61 % 
41 % 39% 

119 
67 

37% 36% 

51 
21 % 16% 

81 
16% 25 96 
25% 23 lu 

+Weekend defined ar b pm Fnday evenmg to am Monday morning 
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2.2 Crash event 

Most crashes resulting in fakd side unpacts  comprised 21 single collision  with either a vehicle or object. Only 
7% involved a series of events (Table 5 ) .  Most of the multiple events involved a series of collisions (non-fatal, 
then fatal) and only six of the 22 multiple event side unpact crashes involved a prior avoidancemanoeuvre and 
then a fatal collision. 

Sixty percent of side  impacts were collisions with another moving vehicle, but  in  the  rernmning 40% the c a  
collided  with a fixed object (Table 5). A comparison  of  these  two dilferent types  of  crash is the subject of the 
next chapter. 

In 61 (19%) of the side impacl crashes, the car lost control on the left hand side shoulder of the road before the 
crash. In 37 of  these cases, the carre-entered the carriageway after first leaving the carriageway on the leh 
hand side. Resmicting the calculation of pcrcenlages to side impact crashes on I-urul roads, lhe percentage with 
causal involvement of the  shoulder is 37%. Thls is hisher than the corresponding percentage for frontal unpact 
crashes (14%). In almost half (47%) of the side impact crashes  which  occurred on roads with unsealed 
shoulders, loss of control on the left shoulder n'as noted. 

Table 5. Disfribution of crash evelrt chat acteristics fur 318 cars sustaining f ide mlpacrs t -e ru l~r r r~  itr at 
least  one occupantfatality (FORS 1990 Fatality  File).  Percermges  are also slrown f o r  421 cars 
involved irr fafalfr.onlal  impacts. (Siruded amus ilrdicute perceriruges calcr~luted on subsers of 
the datu. Bolding corr-esponds to r fa f~sr i cu l l~  sigrl$carrt drffererms. chi-squul-e sruristic p<.O5) 

Crash event characteristics 
Side imuacts Frontal 

imnac(s 

Comolexitv of crash 

Multiple event (prior avoidance manoeuvre or collision & 
Single event (single collision  with vehicle or object) 

subsequent fatal collision) 

Obiect hit in fatal unuact 
Another moving vehicle 
Fixed object 

Loss of conlrol  on left shoulder of road 
No causal involvement 
Causal involvement of left shoulder 

Rural locations 
No causal involvement 
Causal involvement of left shoulder 

Urban locations 
No causal involvement 
Causal involvement of left shoulder 

296 
22 

191 
127 

256 
61 

80 
46 

175 
15 

__ 

93% 89% 
7% 11% 

60%  61% 
40% 39% 

81% 
19% 

89 5% 
11% 

63% 86 % 
31 % 14% 
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Causal factors 

Fatality File. The incidence of specific factors, such as alcohol intoxication, speeding, fatigue and driver error 
On the basis of the coroner's report, up to three major causal factors are coded for each crash in the 1990 

are tabulated for both fatal side and frontal impact car crashes (Table 6). 

There was evidence that alcohol intoxication causally conhibuted to one quarter of fatal side impacts car 

probably underestimates the hue involvement of alcohol since in a significant minority of cases (21 %) no driver 
crashes, which is similar to the involvement of alcohol in crashes resulting in  fatalfrontal impacts. This result 

BAC information was obtained. 

Voluntnry  risk  taking, such as travelling at excessive speeds or performing dangerous manoeuvres, conmbuled 
to just under one third  of side impacts (3 1%). This was a higher percentage than observed for frontal impact 
crashes (22%). In 75 of  the 99 cases, excessive speed was involved. Twenty-three percent of  the drivers of the 
cars sustaining the side impacts were reported to have been  definitely over the speed limit, and an additional 7% 
were  coded as probably speediig. 

Combining  the information on these two categories results in a total of 44% of the side impact crashes being 
attributable to deliberate risk taking, usually in  the form of driver intoxication and/or speeding. In half of the 
crashes in which alcohol was a major causal factor  (39  out of 80), speed was also a contributing factor. 

There was also a higher incidence of  driver errors among the causal factors noted for side impact crashes (20%) 
as compared to frontal impact crashes (11%). In 36 of the 64 side impact crashes attributed to driver error, 
failure to observe another other road user or signal was  cited by the driver or other witness. Given the large 
proportion of cases in which drivers do not survive the crash. it is likely that there is considerable under- 
reporting of (his type of causal factor. 

A similar problem of underreporting exists in the detection of fatigue ils a causal factor. Fatigue was noted as 
being at least possibly contributory in 11 of the side impacts (3%). This was lower than  the  Corresponding 
percentage for frontal impact crashes (13%). 

In 13 (4%) of the side impact crashes, vehicle  defects  were found to have contributed to the crash. In 12 of 
these cases, the defect was  detected  in the car which sustained the side impact. These defects included 5 tyre 
blowouts, 4 other tyre defects, one  with  brake problems, one  with a steering defect and one other unspecified 
defect. 

Despite  the high degree of detail in the Fatality File, in 31% of the 318 side impact crashes, the road user action 
which  caused  the  crash  was unexplained. The corresponding percentage for frontal impact crashes was 34%. 
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Table 6. Incidence ofcausal fuctors contriburiug to 318 carssustaining  side  impacts  resulting in at least 
one  occupant  falalily.  Frorml  impacls also shown for comparison (FORS 1990  Fatali0  Filej 
(Percenlages  do nor sum  to 100%  since up to three  causal factors may be  codedfor u single 
crash. Boldirrg corresponds to sralistically  significant  differences,  chi-square  stutisticp<.O5j 

Causal factors Side imnacts Frontal imDacts 
Crashes % of 318 % of 421 

Risk taking (alcohol and/or voluntan riskv actions) 140  44% 40% 
Alcohol (with or without other drugs) (80) (25 %) (28%) 
Voluntary risky actions (dangerous manoeuvres, speeding) (99) (31%)  (22%) 

Excessive speed (75) (24%) (18%) 

Driver error 64 20 % 11% 
Inattention. failure to observe other roaduser (36) (11%) (5 %) 

Critical vehicle malfunction 13 4% 3% 

Possible 
DefMte 

Unexplained action 98 31% 34% 
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Driver characteristics  -struck car 

Jus1 over two thirds of the drivers of cars sustaining fatal side impacts wcre  male.  Approximately one third 
(35%) of all drivers in the struck vchicle were under 25 years of age, but 22% were aged  over 60 (Table 7). The 
age profile of these drivers is not different to that of drivers involved in fatal frontal impacts. 

Twelve percent of  the drivers of the cars struck on the side were known not lo have  been  wearing seat belts. 
This figure may be somewhat of an undereslimatiou sincc in 20% of cases no infonnatiou about the driver’s belt 
wearing status was available. 

Just over 80% of the drivers of the cars sustaining the side impacts were at least partially at fault. This is 
slightly higher than the at  fault percentage for car drivers involved in hatd frontal  impacts. 

Table 7. Characterislics  of 316* drivers of  cars  sustaining a side  impuct  resulting  in a1 least one 
occupant  fatality.  Frontal  impacts also shown fur comparison  (FORS 1990 Fatality  File) 
(Bolding  corresponds Io statistically  significant  differences,  chi-square  statisticp<.05/ 

Driver characteristics Side imoacts Frontal imoacts 
Drivers % of 3 16 % of  419 

sex 
Male 
Female 

Age erouo 
<25 
25-29 

40-49 
30-39 

50-59 
60+ 

S e a  belt use 
Worn 
Not worn 
Not stated 

M t  
Fully at fault 

Not at fault 
No one at fault 

Partly at fault 

213  67 % 
103 33% 

111 
31 

35% 

46 
10% 
15% 

35 11% 
21 
70 

7% 
22% 

215 68% 
37 
64 20% 

12% 

246 
10 

78 ’% 
3% 

43 
17 

14% 
5% 

71% 
29% 

36% 
11% 
17% 
11% 

19% 
6% 

65% 

18% 
16% 

70% 

22 % 
3% 

5% 

*For two cars with f a b l  stde mpactn, the dnver was not able to be dnsbnguished from Ule passengers. n~escvchcles  are excluded fmm analyses 
of driver and passengercharactcristics. 
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Occupants - struck  car 

A total of 118 of the 3 18 cars sustaining fatal side impacts contained just a driver and no passengers (37%). A 
funher  34% had one passenger only and the remaining twenty-nine percent contained three or more passengers 
(Table 8). The most common seating positlon  for passengers was the from left passenger seat. The rear seats 
tended to be occupied  only i i  the hont left passenger seat was also  occupied. The rear right seat (behind the 
driver) was occupied in 13% of the cars and the rear left seat WG occupied in 19% of the cars. The central seats 
were rarely occupied (Table X). 

more likely to have passengers sluing in the  left front and the left rear passenger seats (Table 8). 
Compared  with  the occupancy of cars sustaining f a d  hontal impacts, cars sustaining fatal side impacts were 

Table 8. Seulingpositiorzs of occupants of 318 of cam susruining left or right  side impacts  remlting in at 
least one ucclrliant,futalit)'. Thepercet1,tage distr~butlon forf?ontal impacts is also shou:tl f o r  
conparison. (FORS 1990 Faraiily. File) (Bolding corresponds to statilrstically srgnilficanr 
diferences. chi-square statisticpdJ5) 

Side unuacts 
Occupant details 

Number of car  occuuants 

Frontal 

Cars %of318 % of 421 

1 (driver onlv) 118 37% 
2 
3 
4 
5 or more 

_ I  

Most  common  seating  combinations 
Driver only 
Driver and front left passenger only 
Driver, front left and rear left passenger only 
Driver, front left. and rear left and rear right passenger 
Driver, front left and rear right passenger only 
Driver, CTont left and central rear passenger only 
Driver, Cronr left and rear lek, central and right passenger 
Other driver and passenger combination 
Other in which not all  seating  positions  exactly specified 

Occnpancu for each standard seating position  (only  for  cars 
with all occupants' seating positions exactly  specified) 

Driver 
Front centre 
Front left 
Rear right 
Rear centre 

109 
51 
27 
13 

118 
105 
21 
19 
9 
5 

7 
23 

3 

295 
1 

173 
38 
14 

34% 
16% 

4% 
9% 

37% 
33% 
8 76 
6% 
3% 
2% 
2% 
2% 
7% 

(% of 295) 

100% 
0% 

59 % 
13% 
5% 

44% 
31% 
12% 
7% 
5% 

44% 
28% 
4% 
4% 
1% 
1% 
2% 
2% 

13% 

(% of 36ti) 

100% 

47 76 
1% 

9 76 
5% 

Rear left 57 19% 13% 
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Only 7% of the front left passengers  were  under 17 years of age, whereas 24% of the rear seat passengers were 
children. Forty-seven percent of the front left passengers were within 2 years  of the age of the driver. Overall, 
the mean difference in the ages of the driver and the passenger sitting next to them  was not statistically 
significantly different from zero; the mean age of the drivers with front passengers was 40 years  and the mean 
age o f  the front left passengers was 39 years. Further subdivision of the data, however, showed that male 
drivers tended to be, on average, two years older than their front left passengers. This was not observed for 
frontal impact crashes where the driver and front left passenger were of similar age regardless of the sex  of the 
driver. 

Approximately half of the passengers (both front seat and back seat) were female, 

for drivers. Seat belt use was  lower for rear seat passengers with 20% coded as not wearing seat belts. Seat belt 
The percentage of front left passengers known not to be wearing seat belts was 11%, approximately the same as 

use was not stated for 19%  of rear seat passengers. 
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2.3 Crash outcome 
Number of fatalities 

A total of  375 persons were killed directly as a result of an impact to the side of the car in which  they  were 
travelling. In the vast majority of  these crashes, there was only one car occupant killed (84%) (Table 9). Even 
for cars with at least 2 occupants and at least one fatality, in 74% of cases only one of the  car occupants was 
killed. 

In side impact crashes with other vehicles, it was rme that persons LII the other vehicle were  killed (only 3%  of 
crashes). This is amuch smaller than  the corresponding percenhge for fatal tiontal impacts (18%). 

Eleven fatal side impact$ (3%) resulted in a fire or explosion. In 4 of these, at least one fatality was attributed 
to the fire. 

Table 9. Crash outcome for occripanls of 318 cars  sustaining  side  impacts  resultrng in at least  one 
occupantfatality  Frontal  impaclpercentages shown for comparison. (FORS 1990 Fatali~y  File) 
(Bolding  corresponds to  statistically sigt~ificar~l  differences. chi-square  staristic.y<.05j 

Sidc impacts Fronol 
i?npam Crash outcome 

Cars %of318  %of421 

Number of c a ~  occu~~anrs killed 
1 
2 
More than 2 

266 
48 

84% 83% 
15% 

4 1% 
15% 
2% 

Whether additional Dersons  in other vehicles also killed 
Single vehicle crash (no other vehicles involved) 
Multiple vehicle crash. no other persons killed 

132 
180 97% 82% 

Multiple vehicle, at least one other person in other vehicle killed 6 3% 18% 

Whether crash results in a fwe or exolosion 
No 
Yes (at least one occupant died in the tire) 
Yes (no occupants died as a result of  the fire) 

307 
4 

97% 96% 

7 
1% 2% 
2% 2% 
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Injury outcome in different seating  positions 

Table 10  snnmarises the seating positions of the  375 car occupants killed as a result of side impacts and the 
293 other occupmls who survived the  impact. For 38 of the occupants, there was not sufficient detail to 
determine their exact seating position at the time of the crash. In some of these cases it was lmown whether 
they  were sitting in the hack or the front of  the car, but not on  which  side. 

The 375 persons who were killed comprise 56% of the total of 668 occupants of thc 3 18 cars sustaining  the  side 
impacts. Note that by definition at least onc occupant of each car was killed. A further 28%  of occupants (184 
persons) were hospitalised as a result of injuries sustained in these crashes. These percentages are slightly 
lower  than  the corresponding figures for fatal frontal impacts (60% of occupmts killed and 29% hospitalised). 

Just  under two thirds of the car drivers involved in these crashes were killed (199 oul of  316, Table 10). The 
overall percentage of drivers killed, however, is not directly comparable  with  the percentage of occupants killed 
in the  other  seating positions because all  the cars have a driver and, by d e f ~ t i o n ,  there is at least one fatality in 

right of the vehicle. Also, in this tabulation, impacts to the left and right of the car  are combined. Thus, the 
each car. A similar argument applies to the comparison of the percentage of occupants killed on  the left and 

relative safety of various seating  positions cannot he inferred directly fiom these simplepercentages. 

Left and right impacts are disaggregated and compared taking into acconnt occupancy in n later chapter 

Table 10. The  number of car  occupants in various  sealingposilions and the  number  andpercentage killed 
us u direct  result of an  impact 10 the  side of the car (Impacts to  the  left  and  right of the car  are 
combimdj  (FORS 1990 Fataliry File)  (The shaded  region  conlains thefive standard  sealing 
poririons in a passenger  car.J 

- 
L e f t e  

Seating position 
Centre seat 

(passenger's side) 
Right side 

(driver's side) 
All occupants Unknown side 

Dead Total Dead Total Dead Total Dead Total Dead Total 
Frontseat , '11.4 . 187:: 0 5 315 509 

Rear seat 8 53 134 

Unknown 7 25 7 25 

62% 

40% 

I I I I I 
All 375 668 11 38 219  360 2 20 143 250 

occupants <GOA 61% 10% 57% 
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Occupant  fatalities 

In the following  tables summarising the characteristics of  the car occupant falalitics, persons killed i n  anear 
side impact are distinguished from persons killed in a far side impact. Thc terms neur side andfar slde refer 

right seat passenger killed as a result of right side impact, or a front let3 or rear left passenger killed as a result 
the site of the impact relative to the sealing position. For example. a near side fatality can be a driver or  re,v 

car killed  as a result of an impact to the left side, or a left side passenger killed alter a right side impact. 
of a lect side impact. Conversely, a far side fatality is defmed as a person sltting on the right hand side o l  the 

As expected, the percenlage of car occupants killed in near side impacts (79%) was higher than the percentage 
of persons killed rn far side impacts (36%) (Table 11). 

Just  under sixty percent of the car occupants killed in side impact crashes were Inale and 41 r/o were  under 25 
years of age. A total of 227 (61 %) were  recorded  as  wearing a seat belt (or UI a restraint) at the time of the 
crash, 60 (16%) were unrestrained and for 88 (23%) this information was not recorded. Excluding  the missing 
values,  the resultant percentage not wexing seat belts is 21 %. 

The percentage of occupants killed in a side impact crash who  were Wapped in the car (36%) was lower than the 
corresponding perccnLTge for frontal impact falalities (44%). Consistent wiih cxpectntion, near side impact 
fatalities were more Likely  to be trapped (42%) than persons killed as :L result  of far slde impacts (23%). 

Forty-one of the 375 persons killed in side impacts were ejected from the car  during the crash. Fifteen of these 
were not wearing seat.belts at the time of the crash. 13 were  coded its wearing seat belts. Seat status was 
unknown for the  remaining 13 fatalities. The ejection rate was not statistically different for near and far side 
fatalities. 

Side  impacts:  Characterisation of side impact crashes 21 



Table 11.  Characteristics  of  near  and far side  car occupantfatalities in side  impact  crashes.  Percentage 

File)  (Shaded  areas indicate percentages calculated on subsets of the  data.  Bolding  corresponds 
distributions for car  occupants  killed in frontal  impacts  are  also  shown (FORS 1990 Fatality 

to  statistically  signijicant  differences,  chi-square s t a t i s t i c p d 5 )  

Side impacts  Frontal 
Near side Far side All7 impacts 

side impacts 
Iniurv severitv 

Survived 71 21% 177 64% 293 44% 40% 
Died 261 79% 101 36% 315 56% 60% 

Characteristics of fatally 
iniured car occu~ants 

sex 
Male 
Female 

Ape grouB 
4 7  

25-39 
17-24 

40-59 
60+ 

Seat belthestmint 
Worn 
Not worn 
Not stated 

No 
Yes, trapped in car 

Ejected fall fatalities) 
No 
Yes, ejected from  car 

Eiected (fatalities not 
wearing seat belts) 

NO 
Yes, ejected from car 

153 
108 

89 
17 

51 
38 
66 

169 
31 
55 

140 
101 

232 
21 

' 26 
~ 1.1 

(261) 

59% 
41% 

7% 
34% 
20% 

25 % 
15% 

65 % 
14% 
21% 

58% 
42 lo 

90% 
10% 

(37) 

70% 
30%' 

54 
47 

35 
2 

16 

24 
21 

55 

29 
17 

76 
23 

89 
11 

1s 
.2, 

(101) 

53% 
41 % 

2% 
36% 
16% 

25 % 
21% 

54% 
17% 
29% 

77 % 
23% 

89% 
11% 

(17) 

:88% 
,:I%% 

213 
162 

131 
22 

70 
59 
90 

227 
60 
88 

225 
128 

331 
41 

, , 45 
15, 

(375)  (507) 

57% 
43% 

61% 
39% 

35% 
6% 7% 

33% 
19% 24% 
16% 
24% 

16% 
21% 

61% 60% 

23 % 
16% 21% 

19% 

64 % 
36% 

56% 
44% 

89% 92% 
11% 8% 

(60) (104) 

75% 73% 
25%' 2 t% 

Ihetotalismorethanthesumofnearaodfars~defatalihessincepenonsslmngmthenntn:oranunknoanpos~tlanare~cludedinfhctotal. 
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Injury severity  and pattern 

For both side impact and frontal impact crashes, over  sixty  percenl 01 latalities occurrcd beroore medical 
assistance arrived (Tablc 12). 

For approximately 80% or the larally  injured  car occupants, there is detailed  coding in thc  FORS 1990 Fatality 
File concerning the severity and location of thc injuries according to the  1990  Revision  of the Abbreviated 
Injury Scale (AIS). Injuries to the head, face, neck, thorm abdome~l/pelvic contents, spine, upper  exwemities, 
lower extremities and other unspecitied/extemal regions are graded  from 1 to G with respecl to severity. Grade 
3 corresponds to serious, 4 severe. 5 crilical and G is the  maximum. A ~naximum  of 12 injuries with scverily at 
least grade 2 are coded for any one fatality m the 1990 Fatality File. This level of detail IS not available for 
those persons injured, but not killed. 

The injury location and severity for the 322 car occupants dying as a direct result  of injuries received in impacts 
to the side or the vehicle m which they  were travelling, for whom he  AIS coding is available. are sumnarised 
in Table 12 in tenns of the  rollowing measures: 

the  total nunber of severe or worse injuries (AIS 4-6). It should be noted that a pcrson  may sustain more 
than one severe injury to a single body  region. 

the  Injury Severity Score (ISS). This  is  the  sum of the squares of the mximum AIS severity scores for the 
three most severely inped  reglons. Scores above 75 are coded as 75, iz. corresponding to at least 3 regions 
with seventy score at lcast 5. A score of 75 is also asslgned for individuals with a severity score of G in any 
single region. The scores have been  grouped into four categories inTable 12. 

the presence of at least one severe or worse mpry to each of the specific body regions 
(eg at least one severe or worse  injury to thc  head) 

various  combinations of severe or worse injuries in different body reglons 
(eg  head only, chest only.  head and chcst only). 

Although the  majority of persons  killed in fatal crashes sustained at  least  one  injury  coded as severe or worse 
the number of severe injuries was slightly  greater for persons killed in side unpact crashes  compared  with 
front11  impact crashes. 

Persons killed in side unpacls were more likely  than those killed in frontal impacts to have sustained severe 
injuries to more than  one  body region - a consequence of the statistically significantly higher incidence of head 
injuries (62% vs 52%) withno reduction in  the  proportion  of severe injuries to other body regions (Table 12). 

The incidence of severe spinal injuries was low. relative to  head and chest injuries,  but also statistically 
significantly higher for side impact deaths (25 cases, 8%) than for frontal impact  deaths (15 cases, 4%). 

The number of severe injuries. the distribution of ISS. and the location ofmjurics is similar for near side and fnr 
side car occupant fatalities. 
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Table 12. Injury  severity and patternfor car  occupants  dying  as a direct  result of injuries  received in 
impacts tu [he sidc ofthe  car  in  which  they were  travelling.  Near  side and far  sidefatalities  are 
distinguished  and frontal impact fatalities  are  also shown (FORS 1590 Fatalily File) (Bolding 
corresponds to statistically  significant  differences,  chi-square  stalisfic p<.05) 

Side impact fatalities Frontal 
-rn Near side 

fatalities 
Far side fatalities All' side impact impact 

fatalities fatalities 

Tmina of death 

Before med. attention 
Instantaneous 

During med. attention 
In mansit 
In hospital 

Number20f  severe or worse 
iniuries (AIS 4-6)3 

None 
1 
2 

4+ 
3 

Iniurv severitv  score ( IS9  
<25 
25-39 
40-74 
75 

At least one severe iniurv (AIS 

Chest 
Head 
Abdomen/pelvic contents 
Spine 
Lower  extremity 
External 
Neck 
Upper  extremity 

(AIS 4-6) 
Combinations ol severe iniuries 

Head and chest only 
Head only 
Chest only 
Other region or other com- 
bination of severe injuries 

All injuries less than AIS 4 
Head and other region 
Head,  chest,  abdomen/pelvis 

126 
44 

14 
3 

73 

48 
20 

5s 
45 
51 

31 

60 
78 

50 

150 
135 
43 
14 
4 

0 
1 

0 

61 

48 
41 

22 
20 
19 
14 

(260)' 
17% 
49% 
5% 
1% 

28% 

(225) 
9% 

21 % 
24% 
20% 
25 % 

(225) 
16% 
35% 
27% 
22% 

(225) 
67% 
60% 
19% 
6% 

0.4% 
2% 

0% 
0% 

(225) 
27 % 

21% 
18% 

10% 
9% 
8% 
6% 

20 
39 
4 
2 

34 

7 
1s 
27 
13 
23 

14 

24 
31 

16 

52 
54 
18 
10 
2 
1 

0 
1 

18 
22 
12 

12 
7 
7 
7 

(99) 
20% 
39% 
4% 

34% 
2% 

(85) 

18% 
8% 

32% 
15% 
27% 

(85) 
16% 

28 % 
37% 

19% 

(85) 
61% 

21% 
64% 

12% 
2% 

1% 
1% 

0% 

21% 
( 8 3  

26% 
14% 

14% 

8% 
8% 

8% 

169 
67 

1s 
5 

113 

27 
66 
86 
59 
84 

1 I2 
55 

86 
69 

208 
200 
61 
2s 
6 
2 
1 
0 

83 

61 
69 

34 

27 
21 

21 

(372) 
18% 
45% 
5% 
1% 

30% 

(322) 
8 %, 

27% 
21% 

26 90 
18% 

(322) 
17% 
35% 
21 % 
21% 

(322) 

62 % 
65 % 

19% 
8% 
2% 
1% 

0.3% 
0% 

(322) 
26 70 
21% 
l Y %  

11% 
8% 
8% 
7% 

(500) 
22% 
44 % 
S% 
4% 

25 70 

(427) 

25% 
24% 
19% 
19% 

1490 

(427) 
20% 
38% 
23 % 
19% 

(427) 
60% 
52% 
16% 
4% 
1% 
1% 
1% 
0% 

(427) 
22% 

24% 
20% 

14 % 
11% 

4% 
6% 
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The relative incidence of combinations of severe injuries to various  body regions are also given above. The most 
common pattern of severe inpries tor side impact fatalities involved in~nries to both the  head ‘and chest  (26%). 

Only a minority of people killed had all severe injuries limited to a single body region. For example, while 65% 
of car occupanls killed in side impact crashes had at least one severe injury to the chest. less than 20% had all 
severe injuries confined to the chest region Similarly, while (52% of car occupmts killed in side inpacts 
sustained at least one severe head i n ~ ~ r y .  only 21% had all severe injuries confined to the head. 

The high incidence severe injuries to more  than one body region, parlicularly the head and chest. was also 
found in a study of fatally injured occupwts in side impacts crashes in the UK in 198 1-85’, This study also 
reported  that far side fatalities were more likely to sustain serious head injuries th‘m near side fatalities. Some 
indication of this is also seen in Table 12, with 26% of far side fatalities sustaining severe injuries only to the 
head and no  other region, compared with only 18% for near side fatalities. 
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3. Differences  between side impacts with other  vehicles 
and side  impacts with objects 

3.1 Introduction 

There are two major categories of  side  impact collisions; thosc  in  which  the  side of h e  car hits a fixed object. 
and those in which the car is hi1  on the side by another moving  vehicle. These two different types  of  crnshes are 
chmcterised and  compared in this chapter. Many of h e  differences may reflect general differences between 
single and multiple vehicle fatal crashes. Therefore, single and multiplefrontal impact crashes are also 
included for comparison. 

Of  the ton1 of 318 fatal side impacts, 60% (191) were fatal collisions between a car and another vehicle. The 
remaming 40% (127) involved a car hitting an object. Seven side impact crashes in which a car was hit by a 
train are included in the former group. ie the multiple vehicle collisions. Two cases in  which a prior mmor 
collision with another vehicle caused the cau to run off the road into a tree (or pole) are included in the hit 
object group, since the fatality occurred on impact with the tree (or pole), not the other  vehicle. Despite these 
two exceptions, the ‘hit object’ crashes will  generally be referred to as single vehicle crashes. 

3.2 Crash setting 

Multiple vehicle vs  single  vehicle  side impact crashes 

As expected, the multiple vehicle side impact crashes were more likely to occur within interseclions than the 

multiple vehicle side impact crashes were non-intersection crashes. Consistent with  the higher percenntzge  of 
single vehicle  side impact crashes (64% vs 7%, Table 13). However, a sizeable percentage (36%) of Ihe 

multiple vehicle side impact crashes being intersection crashes, these crashes were also more likely han the 
single vehicle crashes to occur in  urban areas and in the lower speed zones. Among  the non-intersection 
crashes, the multiple vehicle side impact crashes were more likely than single vehicle crashes to occur on roads 
with sealed shoulders (Table 13). 

The other major difference with respect to the crash setting was that the multiple vehicle side unpnct crashes 
tended to occur  during the day and the single vehlcle side impact crashes tended to occur a1 night. This was 
seen to be the case on both week  days  and  weekends. 

Multiple vehicle crashes: side impact v s  frontal impact 

The multiple vehicle side impact crashes also differed from multiple vehiclefr-onral crashes in terms of location, 
with relatively high percentages occurring in intersections, in urban areas and in lower speed  zones. 
Additionally there was a higher percentage of daytime multiple vehicle side impact crashes (72%) than the 
corresponding daytime percentage Cor frontal impacts (59%). 
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Single  vehicle crashes: side impact vs frontal  impact 

In general, the crash scenario for smgle vehicle side impacls and single vehiclefi-ontul impacts was very  similar 
(non-intersection. rural  location. speed limit >60 kph, night time). The only difference was the  relatlvely high 
percentage of non-mtersection side impact  crashes  occurring  on  roads with unsealed shoulders (75% vs 59%) 
(Table  13). 

Crash setting 

U n  

RlXal 
Urban 

Speed  limit 
<=GO kph 
65-95 kph 
100+  kph 

Location regarding  inlersection 
Non-intersection 
Intersection 

Road  shoulder for 
nun-intersectiorz crashes 

Unsealed 
Sealed 

Timc of dav 
Day (6m-6pm) 
Night (6pm-62~11) 

Timc of week 
Weekday 
Weekend' 

Time of dadweek 
Weekday daytime 
Weekend  daytime 
Weeknight 
Weekend night 

(hit object) crashes 
Single vehicle 

59 46% 48% 
68 54% 52% 

37 29% 37% 
23 18% 10% 
66 52% 53% 

118 93% 90% 
9 7 Sh 10% 

49 39% 40% 
78 61% 60% 

31 24% 25% 
18 14% 15% 
30 24% 30% 
48 38% 29% 

Multivle  vehicle  crashcs 
Side impact Front 

(191) (257) 

131 69% 42% 
59 31% 58% 

42 22% 20% 
82 43% 20% 

65 34% 60% 

69 36% 84% 
122 64% 16% 

137 72% 59 76 
54 28% 41% 

109 57% 65% 
x2 4% 35% 

XX 46% 43% 
49 26% 16% 
21 
33 

11% 22% 
17% 19% 

' Wezkznd defined as b pm F i d q  evening to 6 a Monday m o n U n ~  
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3.3 Causal factors 

The  common causes of single vehicle crashes are alcohol and speeding (Table 14). For example, alcohol 
intoxication was a causal factor in half  of  the single vehicle side impact crashes, but in only 8% of the multiple 
vehicle side impact crashes. Also, speeding was coded as contributory in  43% of single vehicle side impact 
crashes and only 10% of multiple vehicle side impact crashes. It is interesting to note, however, that speeding 

crashes (26%) 
was more likely for the single vehicle side impact crashes (43%) lhan for the single vehiclefrontal impact 

Speeding and alcohol are often found to jointly contribute to a crash. For example, a combined  category of 
deliberate risk taking accounts for 69% of single vehicle side impact crashes, which is much less than the sum 
of 51% alcohol related and 45%  risky actions. 

The highest rates of  driver error are observed for multiple vehicle side impact crashes (27%). This percentage 
is high relative to the single vehicle crashes, but also higher than the corresponding figure for multiple vehicle 
frontal impact crashes. It should again be noted that this is probably an underestimate since wilness StatemenG 
are usually required in order to code such factors as inattention as causal. The high percentage of unexplaincd 
crashes  (40%)  probably is also related to this. 

Table 14. Incidence  of  causal  factors contributrng to 318 cars  sustaining  side  impacrs  directly  resulting in 
ut  least  one  occupant fatality  by  crash  type.  Frontal impact  crashes  ure  also  shown (FORS 1990 
Fatality  File)  (Percentages do not sum to 100% since  up to three  causal factors  may be coded for 

frontal  impacts; chi-square statisticpdJ.5) 
a single  crash.  Bolding  corresponds  to  statistically signifcant  differences  between side and 

Single vehicle Multiole vehicle crashes 
Causal  factors (hit obiect) crashes 

Side unpact Front 
(127) (164) 

Side impact Front 
(191) (257) 

Risk takiine (alcohol and/or voluntarv risky 87 69% (51%) 53 28% (34%) 

Alcohol (65) (51%) (40%) (15) (8%) (20%) 
Voluntary risky actions (eg excessive speed) (57) (45%) (27%) (42) (22%) (18%) 

Excessive speed (55) (43%) (26%) (20) (10%) (12%) 

Driver error 12 9% 10% 52 27% 11% 
Inattention, eg failure to observe other (2) (2%) (6%) (34) (18%) (5%) 
roaduser or signal 

action) 

Critical vehicle malfunction 5 4% 2% 8 4% 4% 

Possible 
Defmite 

Unexplained action 
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3.4 Struck car details 

Forty-three percent of c m  sustaining fatal side impacts  with objects were clzssified :LS heavy (>I300 kg). This 
percentage was higher than the corresponding percentages for cars involved in rnultipk vehicle side impacts, 
and also cars involved in single or multiple vehicle fatalfrorilal impacts (Table 15). 

The high incidence o f  speeding among  the drivers of cars involved in single vehicle collisions is consistent with 

however, since Table 15 shows the speeding prevalence just for the drivers of the cars sustaining the fatal 
the previous section on causal factors (Table 14). The results differ slightly cor the multiple vehicie crashes, 

impact. not over all drivers involved in the  crash as for Table 14. 

Table 15 also shows  the speed estimates, which are based on whether the drivers are speeding and thc speed 

multiple vehicle collisions is that there are more cars uavelling at slower speeds involved in the multiple 
limit at the crash site. The major difference between the estimated speeds of the cars involved in single and 

pausing at intersections (63 of the 67 in the <60 kph category). It should be noted that whether or not the 
vetucle impacts. This is reflecting  that more of the cars involved in multiple vehicle crashes are turning or 

othe? vehicle in a multiple vehicle crash is speeding, and also its direction of travel, have both been ignored in 
the estimations. 

The cars in the single vehicle side impact crashes appear to be travelling faster than the c'vs in the single 
vehiclefrontal impact crashes. On  the other hand, due to the number of side impact crashes within 
intersections, the estimated speeds of cars involved  inmnnltiple  vehicle side impact crashes are. in general, much 
less than can involved in multiple vehicle frontal impact crashes. 

!4 'The 'other' vehicle is the one which collides with the carcausmg llle d e b  of al12a1 m a  of rh< w occupmls. 
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Tubie 15. Characlerisrics of the  cars  sustaining  side  impacts  direct/)'  resulting  in a1 least  one  car  occupanl 
fatality by crash type.  Cars sustaining fatal  frontal  impact  ure  also  shown.  (FORS 1990 Falality 
File) (Bolding  corresponds to statistically  significant diferences bemeen side  and frontal 
impacts;  chi-square  statistic p<.OSJ 

Sinele vehicle (hit object) Multiole vehicle crashes 
Car characteristics 

Mass of car sustainiig the fatal impact 
Light (<1100 kg) 

Heavy (>1300 kg) 
Medium (1100-1300 kg) 

Whether car sustaining fatal imDact was 
sDeeding 

Probably 
Unlikely 

Definitely 

Estimated meed** 
<60 kph 

60 kph 
65-80 kph 

100 kph 
85-95 kph 

110 kph 
>110 kph 

40 

54 
33 

54 
15 
58 

1 
9 

28 
9 

39 
18 
22 

Side impact Front Side impact Front 
(127) (101) (191) (257) 

32% 32% 73 
26% 38% 67 
43% 29% 51 

42%~ 62% 170 
12 % 7% 7 
46 % 31% 14 

(126) (164) 
1% 3% 61 
7% 12% 45 
7% 12% 20 

22% 20% 8 

14 % 
31% 33% 

9% 
38 
7 

18 % 11% 5 

38% 

27% 
35% 

89 9% 
4% 
1% 

(190) 
35 % 
24 % 
11% 
4% 

20% 
4% 
3% 

35% 
38% 
27% 

79% 
8% 

13 % 

(256) 

13% 
4% 

15% 

44 % 
5% 

11% 
8% 
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3.5 Drivers and passengers in the  struck car 
The percentage of cars with  passengers  was similar regardless of the 1yTe of crash  (Table 16). 

The drivers of the  cars  involved in the single vehiclc side impact crashes were more lkely to be male, morc 
likely to be young and less likely lo be wearing :L seat  belt. m a n  the drivers involved in the ~nultiple vehicle side 
impact crashes. This  driver profile is cqpical o l  drivers involved 111 smgle vehicle crashes, in general, although 
there is a higher percentage of drivers under the age of 25 (54%) compared  wlih single vehiclefiontal impacts 

to be older than drivers involved in multiple vehicle lrontal impact crashes (Table 16). 
(42%). It is also inleresting to note that the drivers involved in the lnulliple vehicle side unpact crashes tended 

Si~nilar age patterns have previously been reported for US data by  Viano ei al’. who compared single and 
multiple vehicle.  side  and frontal impact  crashes.  Their  study also showed a highcr pcrcentage of older persons 
seriously injured or killed in side impact, car-car collisions (27% 60 years or over)  compnred  with side impact 
collisions with fixed ohJects (only 2% 60 ycars  or olderj. On the other hand (exaclly a was  observed  in the 
Australian data on drivers), the percentages of older persons lnjured or killed in frontal impacts were 
intermediate to these and did not depend  on  whether the collisions were  with mother vehicle or an object. 

Table  16 also shows a high percentage (73%) of  drivers of the cars hit on the side by other  vehicles were at least 
partially a1 fault. This percentage is higher than the corresponding percentage for drivers 01 cars sustaining 
fatal frontal impacts (61%). 

Table 16. Chm-ucteristlcs  of  the occ~rpar~/s  of cars sifsiu,;nirq side iniyucts dlrectiy f-esdtmg I I I  ut least one 
cur occupant fatality by crash Qpe  Caf-s s~rs/ainir~g furulfior~iul impucis ure also showti (FORS 
1990 Fataliry File) (Bolding cor!-esporids IO statisticull:: slgrirficarit dlffereuues between side and 
frontul  impacts; chi-squal-e sraris i icpd5j  

Presence of passengers and 
driver characteristics 

Sinele vehicle crashes hlultinle vehicle crashes 
Side impact Front Side unpact Front 

Number ol  OCCUDZUIIS (127) (IC#) (19lj (257) 
1 (Driver only) 41 37%  42% 71 
Driver and passengers 

Sex of driver 
Male 
Female 

Age ol driver 
17-24 
25-39 
40-59 
60+ 

Seat beltiresnaint use hv driver 
Worn 
Not worn 
Not stated 

Car driver at fault 
Fully or partly at fdult 

80 

96 
30 

68 
35 
17 
6 

74 
25 
27 

118 

5 870 

( 1 6 4 )  
77% 
23 c/o 

(162) 
42% 

14% 
28% 

17 470 

(162) 
54% 
21 76 
19%, 

(164) 
92% 

120 

117 
73 

43 
42 
39 
64 

131 

37 
12 

138 

45% 
55% 

(255) 
67% 
31% 

(255j 
32 % 
27 % 
20% 
20% 

(255) 
73 76 
9% 

18% 

(254) 
61% 

Not at fault orno one at fault 8 6% 8% 52  27% 39% 
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3.6 Multiple vehicle side impact crashes 

The different types of multiple vehicle side impact crashes are summariscd in Table 17. The major types  are 
characterised by whether  the crash occurred within an intersection and the direction of  travel of each of the 
vehicles. 

Although  the majority of multiple vehicle crashes involved vehicles originally approaching  each other from 
adjacent directions (especially at intersections), overall in 45% of cases the two vehicles were originally 
approaching each other from opposite directions. 

Table 17. Crash  event for 69 non-intersection  and 122 intersection  multiple v e h d e  side  impact  crashes 
directly resul t iq  in ut least one car  occupant  fatality (FORS 1990 Fatality  File) (The p r r m v  
groups  are  shaded) 

Cnsh type Non-intersection Intersection A11 locations 
Vehicles from omosinp directions 

Head on: neither vehicle turning 52 
Through  right: vehicle turning right in front of 1 
oncoming traffic 

Vehicles from adjacent directions 
Through  through: both vehicles  travelling 0 
straight through the intersection 
Throufh right: vehicle turning right hit by 0 

Other combination of turning vehicles 
vehicle approaching intersection on right 

0 
Leaving  driveway 5 
Hit by train 7 

Vehicles from same direction 
U turn 4 

All multiule side irnmct crashes 69 

75% 7 
1% 25 

0% 57 

0% 24 

0% 7 
7% 0 

10% 0 

6% 2 

100% 122 

6% 
20% 

59 
26 

47% 57 

20%  24 

6% 7 

0% 7 
0% 5 

2% 6 

100% 191 

31% 
14% 

30% 

13% 

4% 
3% 
4% 

3% 

100% 

Major types of multiple vehicle side impact crashes 

Although there are many different patterns of crash events, four of these account for 83% of total multiple 
vehicle side impact cmhes. The four major types include the 52 non-intersection ’head on’ crashes, 57 

(‘through  right:  opposing’) and 24 crashes in which a vehicle turning right is hit by adjacent traffic (‘through 
intersection ‘throufh-through crashes, 25 crashes in which a vehicle turns right, in front of opposing traffic 

right;  adjacent’). These are labelled A to D in Figure 4 and Table 18. 
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Side impact ‘head on’ crashes (Group A) 

neither vehicle is generally intending to turn prior to  the crash. However,  the fatal impact occurs ar the srde of 
These crashes are coded ‘head on’ in the sense that both vehicles are travelling  in opposing directions and 

one of the  vehicles. There were 52 cases  of this type of crash  occurring in non-intersection locations. 

These crashes can be divided Into those coded  with causal shoulder involvement (about 29%) and those  with no 
shoulder involvement. Typically. in the fonner group, the car  which sustained the fatal side impact first lost 
control on  the left shoulder of the road, re-entered the  carriageway  and was hit on the left h,md side by the other 

occurred on rural roads with speed limits of at least 100 kph. 
oncoming  vehicle. Inmost cases, it was the car which lost control which was at fault. Most of these crashes 

In the other 37 head on side impact crashes, neither vehicle was  coded as losing control on the road shoulder. 
Sixty  percent of these  occurred in urban locations. However, approximately half occurred on roads with a speed 
h m t  of at least 100 kph. 

The driver of the car sustaining the fatal side impact was fully at fault (and therefore must have been in the Lane 

impact was  on the left side of the car in a large proportion of these crashes (81%) and many  occurred  on  curves 
of the oncoming traffic) in 60% of  these  head on side impact crashes with no  road shoulder involvement. The 

feasible that the car driver ended up on the wrong  lane  by  cutting the corner on a right  hand curve, or swayed 
(78%). It was not possible to determine whether  the road curved left or right in these cases. However. it is 

onto the other lane by way  of momentum on a left hand  bend. 

It appcared that in the small number of cases where the driver of the orher vehicle was at fault (7). the car was 
more likely to sustain the fatal impact on the right hand side.  However. in a hurlher six cases neither driver  was 
coded as bcing at fault and most of these impacts were  on the left hand side of the cx .  

Speeding was a conlributing factor rn approximately one quarter of the 52 head on crashes. This wils 
considerably higher than  the corresponding percentage for the other major  types  of multiple vehicle side impact 
crashes discussed below. In almost forty percent of these crashes (19 out of 52) .  no explanation could be found 
for the road user action which led to the collision. 

‘Through through’ intersection  crashes (Group 8) 

There were 57 crashes involving a car and another vehicle approachine an intersection  from adjacent 
,directions, both proceeding straight through and colliding within thc intersection; the car receiving a sidc 
impact resuliing in at  least  one of the occupants  bcing killed (Figure I ) .  

A majority of these crashes occurred in urban areas (Table 18). Twenty-four of  these  crashes  occurred at stop 
signs, 22 at give way signs and 10 at intersections conrrolled by lights. Only one crash  occurred at an 
intersection  with  no specific lraffic control. 
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Figure 4 .  The  four  major  types of multiple  vehicle,  fatal side  impact  crashes 

A B C D 

Head o n  Thru  thru  Thru  right  Thru  right 
o p p o s i n g  a d j a c e n t  

Table  18.  The  characteristlcs  of thefour  major  types of multiple vehicle,  fatal side  impact  crashes (FORS 
1990  Fatality  File)  (Bolding  corresponds to  statistically si~nificunt  rlfferenres, chi-square 
statistic p i . 0 5 )  

~ - D 
Through-right 

Intersection 
Adjacent 

A B c 
Head on Through- 

through 
Through-right 

Non-intersection Intersection Intersection 
opposing Adjacent Opposing 

Crash characteristics Neither turning Neither turning 1 turning risht 
Number of crashes (52) (57) (25) 

Location 

Rural 
Urban 

Speed limit 
<=60 pkh 
65-95 kph 
100+ kph 

Horizontal alignment 
Straight 
Curve 

Intersection conirolled  bv: 
Lights 

Give way  sign 
Stop sign 

None 

Side imoact Doint on car with 
fnralities 

Right 
Left 

Whether driver of car at fault 
Fully at fault 
Partly at fault 
Other driver at fault 
No one at fault 

27 
25 

18 
5 

28 

22 
30 

39 
13 

33 
1 
9 
8 

48 % 
52% 

35% 
10% 

55 % 

42% 
58 lo 

25 % 
7s % 

65 % 

1x76 
2% 

16% 

43 
13 

31 
1 1  
15 

55 
2 

10 
22 
24 

1 

31 
26 

34 

19 
3 

1 

77% 
23 7% 

54 % 
19% 
26% 

96% 
4% 

39% 
18% 

42% 
2% 

54 % 
46% 

60% 

33% 
5% 

2% 

21 
4 

11 
7 
7 

25 
0 

11 
0 

14 
0 

3 
22 

17 
3 
4 
1 

84 % 
16% 

44% 
28% 
28% 

100% 
0% 

44% 
0% 
0% 

56% 

12% 
88 % 

68% 
12% 
16% 
4% 

1 turning right 
( 2 4 )  

15 
9 

10 
6 

7 

23 
1 

2 
7 
9 
6 

23 
1 

17 
2 
4 
1 

63A 
38% 

43 % 
26% 

30% 

96% 
4% 

8% 
29% 
38% 
25 % 

96 % 
4% 

71% 

17% 
8% 

4% 
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These crashes are divided up on the  basis of which  vehicle was  at fault. In 37 crashes (6510)  the driver of the 

partly at fault. the other driver was speeding. The arfafuulr cars werc slightly more likely to be hit on  the right 
car which  was hit on thc side was at least partially at fault. In the  three cases in which the car driver was only 

hand  side  (23  out ol37). These crashes  were also slightly morc likely to occur at stop signs (16 cases) or give 
way signs (17  cases)  than at Lraffic lights  (only 3 cases). On  the other hmd.  when the car sustaining the side 
impact (and occupant  fatality) was not at fault, it  was  sllghtly more likely to bc hit on the left side. and there 
were approximately equal  nulnberS of these  cases at lights (7), stop  signs (6) or give way signs (6). 

Neither speeding nor alcohol  werc  particularly prominent causal [actors for any of these group B crashes. 
Either deliberate (10 cases), inadvertcnt(6) or unexplained  (28)  violation  of traffic rules were co~n~non for these 
cmhes. 

'Through right' opposing direction crashes (Group C) 

There were 25 crashes in which a vehicle turning right was hit by an oncoming  vchicle (Figure 4. group C). In 
all but three of these crashes, it was the car sustming the side impact that was  turning right and the fatal 
impact was on the passenger's side of the  car. Jn the  other  three crashes, the car was travelling straight through 
the intersection and was hit 011 the driver's side by the other vehicle which was turning right. 

Most of these crashes  occurred  in urban locations (Table 18). Almost  half of them occurred at intersections 
controlled by traffic lights (44%). 

In all but one case, it was  the driver who was turning right who was at fault. In four of these crashes, the car 
driver  turning right was intoxlcatcd and  in a further 2 crashes there  was a dellberate violation of traffic rules. 

of the  oncoming  vehicle, one ~nlsinteq~reted the traffic slgnal. and 6 were unexplmed actions (mostly  ignoring 
Among  the other 19 crashes, 7 drivers making the turn did not see the  oncoming  vehicle. 5 misjudged thc  speed 

the traffic control). 

'Through righf' adjacent  direction crashes (Group D) 

Group D is similar to group C except  that the vehicles  arc approaching the intersecuon from adjacent directions 
(Figure 4). In almost 'ffl cases it is the car turning  right  which w h i n e d  a impact on the driver's hand side 

(Table 18). 
(Table  18). The driver of the car t h a t  was hit 011 the side was at least partially at fmlt in 79% of these crashes 

Fifteen of these 24 crashes  occurred  within T intersections. Only 1wo of the intersections were conrolled by 
traific lights; 9 had giveway signs, 7 had stop slgns and 6 had no speclfic type of traffic control. Just under two 
thirds of these crashes occurrcd in urban areas. Howcver, only 6 were in speed zones  of 60 hTh. 

In 7 cases  the car driver turning right did not see the other vehicle. in 2 cases lhe c x  driver misjudged the speed 
or the other vehicle. However. in I I cases  there was no explanation for the  road  user action whbch lcad to the 
crash. 
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Characteristics of the striking vehicles in multiple vehicle  side impact crashes 

Approximately half of the side impact multiple vehicle collisions were with other cars (49%). Almost all of the 
rest were with larger vehicles (buses, trucks, 4WD and vans). Of the 94 collisions with another car, 43 were 
with  cam of a heavier weight class (Table 19). Thus, only 28% of crashes were with  lighter or comparable 

percentages for frontal impacts are 23% of impacts with comparable or lighter vehicles and 77% with heavier 
vehicles and 72% were with vehicles heavier than the ci l~ with the occupant fatalities. The corresponding 

vehicles. 

The distribution of the different types  of  vehicles involved in side impacls with cars is consistent with tha t  
reported in a study  of side impact crashes in France in 19804. Expressed as percentages of all side impact 
crashes, they  found  28%  of side impact collisions occurred  with other cars, 21 % with  trucks and 34% with fixed 
obstacles. The corresponding Australian figures for 1990 are 30% 18%  and 40% respectively. 

Table 19.  Characteristics of the other  vehicles impacting  the  sides of the  curs  directly  causing  at Ieasr one 

1990 Fatality File)  (Balding  corresponds to statistically  significant differences,  chi-square 
car occupantfatalily in  multrple  vehicle  side impact  crashes.  Frontal  impacts  also  shown (FORS 

Other vehicle Side impacts Frontal 
Tvue of other vehicle involved in falal imoact with car 

Car 
Car of lighter weight class'  than car sustaining fatal impact 
Car of same weight class as car sustaining the fatal impact 
Car of heavier weight class than car sustaining fatal impact 

Budtruck 
Car-based utility/panel van 
Four wheel drive vehicle 
Uteilight truck 
Forward control passenger vim 

Motor  cycle 
Train 

Imuact mint of striking vehicle 
Front 
Side 
Other 

Whether striking vehicle sueeding 
No (or not noted and speed not causal factor) 
Probably 
Definitely 

Estimated meed of suiking vehicle 
<60 kph 
60 kph 
65-80 kph 
85-95 kph 

100 kph 
110 b h  

(18) 
94 

(33) 
(43) 

56 
10 
7 
7 
7 
7 
3 

182 
8 
1 

171 
1 

12 

4 
67 
38 
9 

55 
x 

(191) 
49% 

(9%) 
(17%) 
(23%) 

29% 
5% 

4% 
4% 

4% 
4% 
2% 

(191) 
95 % 
4% 
1% 

( 184) 
93 % 

1% 
6% 

(182) 
2% 

37 % 
21% 

5% 
30% 
4% 

(257) 

(11%) 
44% 

(12%) 
(21%) 

33% 
5% 
9% 
5% 
4% 
0% 
0% 

(257) 
8 4 %  

7% 
9% 

(257) 
89 % 
4% 
7% 

(257) 

13% 
8% 

19% 

44 % 
3% 

9% 

*Weight detemmed by make and model a d  calegonredinto 3 c lam:  hght <1100 kg, mncdzuru 1100-1300 kg and heavy >I300 kg 
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In 95 % of the multiple vehicle side impact crashes, the side of the car was hit by  the front of the other vehicle 
(Table 19). Only 7% of the other vehicles in the crash were noled as specding in the police report on the crash. 
This information is combmed  with the speed h i t  at the crash site to fonn a crude estimate of the speed of the 

travelling at no more than 60 kilometres an hour This estnnated specd w a  lower, on average than the speeds 
striking  vehicle.  Approximately 39% of the vehicles making the f&d impact with the side of the c:u were 

of the other vehicle in fatal fronlal impacts. 

3.7 Side  impacts with objects (single vehicle  side  impact  crashes) 

Table 20 sununarises the  main features of the side unpact  crashes  involving a car hitting an object. In most 
cases  the car left the carriageway and  the commonest objects hit were trccs and poles. There were slightly more 
insmces of cars losing control on curves rather than straight sections of road. Of thc cars running off cnrves, 
almost twice a many lost control on  right  hand  bends  (42)  than left hand  bends (24). 

h 46 of the singlc vehicle side impact crashcs (36%), the  car  lost control on the left shoulder. h half of these 
cases, the car re-entered  the camageway before the side impact (Table '20) .  

Table 20 also shows the corresponding percenmge distributions for single vehicle crashes in which  the fatal 
impact is with thefrorrr of the car, not the side. A lower percentage of these impacts were  with trees and poles 
and a higher percentage of these crashes occurred on the carriageway. Frontal impact crashes were also sllghtly 
less likely to occur on curves, and less  likely involve [he car re-entering the carriageway after losing  control on 
the left shoulder. 

Table 20. Crash event characterisrics fol- 127 cam with side irnpucir 11110 oblecrs direcflv resulting in al 
least one occuparil fatality.  Sitisle  vehiclefi.onta1  impacts also showti (FORS 1990 Falalily File) 
(Bolding correrponds to staristically  sigmficarit diffet-elms. chi-square  stalisticp<.OS) 

Crash event characteristics 
Object h i t  

Side impacts Front 

Tree 
(164) 

72 57% 
Pole 

47% 

Sigdrail 
42 33% 20% 
7 6% 

Support/culvert 
12 % 

3 
Other (eg. animal. fence, road works materials) 

2% 
3 

8% 
2% 

Parked vehicle 0 0% 6% 
7% 

(127) 

Crash type 
Off path, on or after curve 
Off path. on straight road 

67 53% 43 % 
57 45% 

Lost con!rol  while overtaking 
4G% 

3 2% 
Hit object on carriageway (eg parked vehicle, Lanitnal) 0 0% 

2 76 
8% 

Loss of control on left shoulder of road 
Off carriageway to left 23 18% 
Off left, then re-enter carriageway 

16% 

No causal involvement; unsealed shoulder 
23 18% 60' ,n 
45 35% 

No causal involvement:  sealed shoulder or unknown if 3 28% 
36% 

shoulder sealed 
42 % 
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The single vehicle side llnpact collisions with objects are investigated further by characterising and comparing 
the main types of off carriageway crashes according to whether the crash occurred on a straight section or on a 
left or right curve. Four groups which account for 94% of all single vehicle side impact crashes are identified 
and labelled E to H; 27 crashes in  which  the car runs off left on a straight road, 26 crashes in  which the car rum 
off right on a straight road, 42 crashes in which  the car runs off a right hand  bend and 24 crashes m which a car 
runs off a left hand bend  (Figure 5 and Table 21). 

Cars  running off straight  roads  and hitting objects  (Groups E and F) 

There were approximately equally many  cars  running off straight sections of road to the left (group E) or  to the 
right (group F) and. within both groups. there were approximately equally many impacts on the right and left 
sides of the  cars (Table 21).  About half of the  crllshes in these two groups occurred in rural and half occurred in 
urban locations. 

Road shoulder involvement was more common for cars running olf to  the  left. Half of the of lk f t  crashes were 
preceded by the car losing control in the left hand shoulder. These crashes  tended to occur in mal locations. 
The other offlee crashes with  no road shoulder involvement were more likely to occur in urban locations. 
Speeding  was  more  likely to be a causal factor in these clashes. 

Only 6 of the 26 ofright  crashes involved a loss of control on the left hand shoulder before re-enlering the 
carriageway and running off the right hand side of  the  road. All thesc 6 clashes were  on  rural roads with speed 
limits of at least 100 kph. The other 20 ofr ixh t  crashes (with no road  shoulder  involvement) were more likely 
to occur in urban locations. Speeding. again, was a common contributory factor. 

Cars  running off right and left bends  and hitting objects  (Groups G and H )  

There were almost twice as many  cars running off right hand  bends (group G, 42 cars) than running off left 
hand bends (group H, 24 cars). 

The only information relating to whether the car ran off the left or right side of the road in these crashes was 
wilh  regard to loss of control on the left shoulder. Seven of the 42 cars running off right hand bends lost 
conlrol on the left shoulder and probably  ran  off the left side. Most of these impacts were on the left side of the 
vehicle. Thirteen cars lost control on  the left shoulder, then re-entercd the carriageway and presumably left the 
road on the right hand side. Approximately half of these impacts were on the left and half  were  on the right of 
the car. 

For the remaining  22 group G Crashes, il is unknown as to whether the car ran off the left or right side of the 
right hand curve. It is postulated tha t  these were more likely to run off the left side due to their forward 

out of 22). Half of these crashes occurrcd in urban locations. 
momentum. This is supported by the fact that the majority of impam were on the left side of  the  vehicle  (14 

The 24 crashes involving a car running off a lefl bend resulted in a majority of right side impacts (Table 21) 
One quarter of thesc crashes involved loss of control on the left hand shoulder. Right side impacts were 
predominant regardless of shoulder involvement. 
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Figure 5.  The forrr major. ppes  of srngle vehicle  crashes in u'hich a car t m  all object direcd)' resulling in 
at least  one C U I -  occupatrtfatality  (FORS 1990 Falalic? FrIej 

E F G H 

I O f f  l e f t  O n  

Off  right  Off  right O f f  left 
s tra ight  on b e n d   b e n d  

s tra ight  

Table 21. Charucterislics oj'the four- major y p e s  of  fatal side lnlpacr crashes itlvolring fatal side ;m,~a~.is 
with objects  (FORS 1990 Futaliq File! 

E F G H 
Crash characteristics 

Number of crashes (27) 
slralghl road sir-aiRht road on r-i,qht bend on lefr bend 

Off /efi 011 0Kr. ighl  on Off left OT right Off left or right 

(26) (42) 

Location 
Urban 
Rural 

hnoxt  location on car 

Left @assenger side) 
Right (driver's side) 

Loss of  control on left shoulder 
Off carriageway to left 
Off left, then re-enter 
No causal  involvemenl; 
unsealed shoulder 
No causal  involvement:  sealed 

14 13 

14 13 

12 
1 
6 

8 

52% 
48% 

52% 
48% 

44 % 
4% 

22% 

30% 

11 
15 

13 
13 

6 
0 

13 

7 

12% 16 
58% 26 

50 7; 17 
SO% 25 

0% 7 
23 lo 13 
50% 14 

27% 8 
shoulder or unknown 

Causal factors 

38% 
62% 

60 % 
40% 

31% 
17% 

33% 

I?% 
~ 

(24) 

13 54% 
11 4695 

19 79% 
5 21% 

3 13% 
2 

12 SO% 
X %  

7 29% 

Apart from loss of control on the left shoulder, which appeared LO play a greater role in the oflie? on stroighr 
and the o f r igh t  bend crashes. there was no evidence, on !he basis of these small numbers of crashes. to suggest 
different causal  factors between these four types  of  single vehicle side impact crashes. The incidence of 
deliberate risk takiug in the form of alcohol intoxication, often  coupled  with dnvulg at excessive speeds was 
high  for all four groups. 
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4. Left and right s i d e  impacts 
This chapter contains comparisons of left and right side impacts. The fmt section is concerned with estimating 
the distribution of left and right side impacts taking into account occupancy patterns. Corresponding data from 
the USA are used for comparison, as well as additional data from other Australian Fatality Files. The second 

and impacts with other moving  vehicles are also considered separately in thjs section. 
section deals with differences between left and right impacts in terms of physical factors. Impacts with objects 

4.1 Estimation of distribution of impacts 

We have already seen in the  Australian data that the total numbers of left  side and right side impacts causing 
occupant fatalities are approximately  equal (162 passenger’s side and 156 driver’s side impacts, Table 2). This 
does not indicate, however, that there are approximately equally many potentially fatal collisions on the left and 
right, since we also  know t h a t  the left side of the vehicle is not always occupied. (Table 8 showed that in more 
than one third  of the cars sustaining side impacts, the driver was the only occupant.) Thus, if it is assumed that 
a side impact is more likely to result in a fatality if there is a near side occupant, then the fact that there were 
approximately equal numbers of fatal impacts to each side of the car suggests that the number of potentially 
lethal unpacts was greater on the passenger side. 

US data 

A US study by Evans and Frick5 in 1988 used a matched-pair analysis to compare the risk of death in various 
seating  positions relative to the driver using US FARSt data on fatal crashes for the period 1975-85. In order to 
exclude the possible confounding by age, sex and seat belt use on the  risk of death for different occupants, the 
comparisons were restricted to cars with drivers and passengers, both  of  whom were adults (at least 16 years  of 
age), within 3 years of age, the same sex, and neither wearing  seat belts. Persons with unknown seat belt use 
were assumed not to he wearing seat belts. 

In the FARS data, the principal point of impact on the car is coded  according to a clock face with 12 o’clock 
being an impact to the front of the vehicle, 6 o’clock the rear, 3 o’clock the right (passenger’s) side, and 9 
o’clock the left (driver’s)  side. 

The ratio of new side occupant deaths - in  the  American case, front passenger deaths resulting from right side 
impacts (3 o’clock) to driver deaths resulting from left side impacts (9 o’clock) - was found to be 1.38, 
interpreted as implying that 38% more potentially fatal impacts occur to the passenger’s side than to the 

is statistically significantly greater than one. Even when  expanding  the area of impact to include 2,3 and 4 
driver’s side. Following Evans’ estimates of the standard errors for such ratios. it  is concluded that this figure 

o’clock on the right and X ,  9 and 10 o’clock on the left, the ratio remained at  1.39 (Table 22). 
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Table 22. The number und raiio (urd sradard error SE) of near side fuialities on the passer1geI"s side and 
rhe driver's  sidefbr cat-s niih a1 lean  U I I  adult dl-iver undfrotit seatpassenger (maiched'on age,  
sex and seat belt use). at least m e  of whom dies it1 a side impact (FARS 1975.85. 1991.93) 

Time period Matching on Point of impact on car No. of near side fatalities Ratio (SE) 

1975-85  (A)Worn  excluded 3 and 9 o'clock 
1975-85  (A)Worn  excluded 2,3,4 ti 8,9.10 o'clock 

3095 2244 
3883 

1.38 (.04) 
2803 1.39 (.03) 

1991-93 (A)Worn  excluded 3 ,and 9 o'clock 376 284 1.32 ( . lo)  
1991-93 (A)Worn  excluded 23,4 & 8.9,10 o'clock 47s 
1991-93 (B)Wom included 3 and 9 o'clock 547 408 

367 1.29 (.09) 

1991-93 (B)Wom included 2.3,4 & 8,9,10 o'clock 685 523 1.31 (.08) 
1.31 (.09) 

seat bellts' (fine or broad) Parsenews  Dnvers !%senZer/dri\:er 

A similar analysis was  repeated on more recent FARS data (1991-93). Using exactly the samematching 
criteria, there were 1.32 times more the passengers  killed  in  near side impacts than drivers killed in near side 
impacts (Table 22). This hgurc is not significantly different from  that  obtained  with  the earlier data. Both 
results indicate a higher incidence of fatal impacts on thc passenger's sidc than on  the dnver's side for cars 
containing front seat occupants with similar characteristics. 

amended to include cars in which both the driver and front right passenger were wearing seat bclls. This 
Since seat belt use in the United States has  increased durinz this period, the seat belt matching criteria were 

extension made no significant difference Lo the near side fatality ratio (1.33. Table 22). 

Australian  data 

These near side fatality ratios from the US data were compared  with corresponding numbers from  the 
Australian fatality files, Due to the much smaller number of cases in Australia, da(a from the earlier Fatality 
File (1988). which were collected and coded in a  similarmmner. were included in the calculations. The 
dehitions were also broadened  slightly to include cars in which there was at least me person sitting on the 
right and at least one  person sitting on the left. in either the front or the  /rear, Also, the  matchmg w:Is then 
between persons on  the left and on the right without restnction Lo the front seat (ie a car was includcd in the 
matching if there was at least one person  on  the left and at least one person on the right of similar age. the same 
sex  and the same seat belt use). The age difference was also relined to be within 6 years rather than 3 y e a w  as 
used by Evans. 

The near side fatality rauo for passenger deaths versus  driver deaths for the combined Australian data. matched 
on age, sex and seat belt use, is 1.79 (Table 23). Despite the large standard error. this ratio is slatistically 
significantly greater thanunity. Due to the small numbers, however. there is not sufficient power to test 
whether this figure is significantly higher than the corresponding US figure 1.3 I (Table 23). 

Thus. both the US and the Australian data appear to suggest that the n ~ n b e r  of potentially fatal side impacts is 
significantly greater on the passenger side. 
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Table 23. The  number and ratio  (and  standard  error SE)  of near  side fatalities on the passenger's side and 
the driver's slde for  cars  wilh at  least  one  occupant,falulity caused by a  side impact and in which 

93, FORS 1988 and 1990 Fatality  Files) 
there werepersons  matched*on  age, sen  and  seat  belt  use on both  sides  oj'lhe  car (FARS 1991- 

Database (cars  with matched persons Near side fatalities Ratio (SEI 

FARS' (USA) 1991-1993 
on the left and right) Passengers Drivers 

685 
Passengers/drivers 

523 1.31 (.OS) 
{ FORS Aus 1988+1990 1.79 .36 

This conclusion is, in turn, based on two assumptions. The first is that the matching procedure has, by 
controlling for occupancy and person characteristics, eliminated .my differences between driver and passenger 
side impacts in the conditional probability of a death  being  recorded  given that a crash hzz occurred. The 
second is that the prior probability of driver and passenger side impacts are unaffected by the  matching 
procedures. 

It is possible that the  matching procedure may not have fully equalised the conditionaJ probability of death 
given that an impact has tken place. For example, there may be systematic differences in the vulnerability of 
passengers and drivers which  were not addressed by controls on a&e, sex, or seat  belt  use. On the other hand, 
the  only unmeasured variable  which has been  shown to have a major effect on  injury  outcome,  blood alcohol 
concentration, is unlikely to be systematically higher in passengers. Moreover, both blood alcohol 
concentration and other unmeasured factors are likely to be significantly correlated with the explicitly 
controlled  variables. 

The other issue which needs to be discussed is the effect of occupancy patterns on the relative number  of 
passenger and  driver side impacts, since it is possible  that  the controlling of occupancy and person factors has 
introduced  its own biases. For example, it may be t h a t  the charactenstics of drivers with and  without 
passengers differ in various ways that would affect the nature of crashes in which  they were involved. Even 
among drivers with passengers, it is h o w n  that drivers matched  with their passengers on age and sex tend 

from those  mvolving other members of the population. 
disproportionately to be young males and that  the pattern of crashes  involving this &roup differ in many  ways 

passengers, it is nevertheless interesting to consider  the near side fatality ratios obtained for cars with 
While the relative number  of  driver and passenger impacts cannot logically be investigated for vehicles  without 

unmatched occupants (Table 24). 

The only restrictions here are that the cars sustaining the fatal side impacts must have at least one person on the 
right and the left of the vehicle. In both  the US and the Ausualian datl, the near side faatality ratio for the 
unmatched data, remains greater lhan unity and similar to the results obtained with  matched  data. 
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Table 24. The nutnber atid rutio (arid standard ert-or SEj of tieur sidefafalitles oti the passetiger's side utid 
the driver's sidefor cars wilh at least one occupar~tfafalify caused by a side impact atld in u'hich 
there were pet-sons uti borh sider of the cur (FARS 1991-93. FORS 1988 and 1990 Futalip Files) 

Dalabase (no matching; cars wlth Near side fatalities Ratio (SE) 
persons on the left & right) Passengers 
FARS' (USA) 1991-1993 3948 

Drivers 
2966 

Passenngersldrivers 
1.37 1.03') 

FORS (Aus) 1988+1990 233 1.51 1.54 (.16) 
~~ I ,  

It is also instructive to compare impact distribution ratios for various  matched sets of drivers and passcngers 
Results indicate t h a t  the impact ratio does not vary significantly with driver characteristics and in all cases 
remains grmter than I (Table 25). 

These results, whle no1 definitive. nevertheless suggest that the finding of a greater number of passenger side 
impacts is relatively robust and not an arlcfact of the  matching  procedures. 

Table 25. The number arid t-afio (and standurd ewot- SE) of near side furuliries a n  the passerife? Is side m i d  

rhe dt-iwr's side for  cars w,iIh at least un adult drmer arid uti adlrltfiotit seatpassetiger (matched 
on age,  sex urd seat belt usei. UII  least one ofwhorn dies it1 u side inlpacr ( F M S  1991-93) 

Driver and passenger characteristics Near  side iatalities Ralio (SE) 

Total 
Passengers  Drivcrs Pass./driver 

685 523 1.31 (.08j 

Sex of driver and passenger 
Male 
Female 

Aee of driver ('md passenrer within 3 vearsl 
<25 years 
25-49 years 
SO+ years 

485 
200 162 1.23 (.13) 

361 1.34 (.09) 

466 
140 

352 1.32 (.09) 

79 
103 
68 

1.36 (.18) 
1.16  C.19) 

Seat belt use hv driver and mssenzer 
Not worn 381 290 1.31 (.IO) 
Worn 237 185 1.28 (.13j 
Unlolown if worn 67 48 1.40 (26) 

Why there  are  more passenger's side impacts 

return to Ihe Australian &la for  which there is more detailed information on thc crash event and circumstances. 
In order to understand what t p e  of events lcad  to a dlsproportionate number of passenger side Impacts. we 

matching  on age, sex and seal belt use, these reshctions :ue relaxed.  However, it IS necessary to retain the 
Since the asyuuneby does not appear lo be a function of the 

restriction t h a t  theremust he someonc sitting on the  left side of the ca r  
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The split between multiple vehicle crashes and collisions with 
(61% multiple and 39% single vehicle). However, further corn 

f 

two groups of crashes reveal some interesting  differences. 

i Jhjects is the same for left and right side impacts 
parisons of left and right impacts wilhm these 

Collisions with other vehicles 

The percentage breakdowns of the multiple vehicle side impact crashes into urban and run1 areas and by speed 
limit  did not differ significantly for right and left side impacls. The major distinctions between left and right 

previous chapter, the side impact crashes with other vehicles again fell into four major groups (A-D, Figure 4). 
side impacts were according to the crash event and the manoeuvres of the  vehicles. As identified in the 

There were approximately equally many left side and right side impacts among the intersection crashes in 
which the vehicles approached at adjacent directions and both were intending to travel straight through (group 
B) (Table 26). On the other hand, the non-intersection head on crashes (group A) and the intersection crashes 
in  which  the car tumed right in front of an oncoming vehicle (group C)  were primarily passenger side crashes. 

The  only type of cnsh which involved predominantly driver’s side impacts wils thc rdatively infrequent group 
D,  in  which two vehicles approach an intersection at -t directions and one vehicle, which is turning right, 
is hit by the  other vehicle which is proceeding suaight through the intersection. 

The pattern of right and left sidc impacts was consistent in  the 1988 and the 1990 Australian dah for these 
groups. Given the differenl type of crash coding in FARS, all these four groups could not be identified  in  the 
US data. Nevertheless, crashes similar to groups A and B were extracted, and the patterns observed were not 
inconsistent with  the  Australian  data. For example, among  the mid-block multi-vehicle side impact US crashes 
(approximating group A), there was a greater number of passenger’s side impacts (61%); and an approxhnately 
equal number ofpassenger’s side (51 7%) and driver’s side (49%) impacts were  observed for the ‘through- 
through’ intersection crashes (group B). 

Table 26. Number  offatal  side  impacts  crushes  wlth  other  vehicles  for  curs  with  at  least one  occupant on 
the right and  one  occupant on the  leji by location of impact (FORS I988 and 1990 Falalify  Files) 

Multiole vehicle side impact crash type 
(see Figure 4 in Chapter 3 for details) Passenger side Driver side Total (%) 
Group A Non-intersection head on 58 27 85 
Group B lntersection ’through-though’ 37 38 75 27% 

31% 

Group C Intersection opposing ‘through-right‘ 50 4 54 20% 
Group D Intersection adjacent ‘through-right’ 2 25 27  10% 
Other multiple vehicle side impact crashes 16 18 34 12% 

Total multiple vehicle side impact crashes 163 112 275 100% 

h o a c t  location 
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Collisions with objects 

Anong the crashes in which the car had a side impact with an object rather than another moving vchicle, there 
was a higher percenlage of passenger side impacts  which  involved loss of control on the road  shoulder. Single 
vehicle passenger’s side impacts were also more likely  than  driver’s side impacts to occur in mal areas. 

Despite the restriction that  there inust be a person sitting on the right and the left of the car, and  the inclusion of 
the earlier 1988 data. the single vehicle side impact crashes with objects fell into4 major groups previously 
identified in Chapter 3 (Figure 5 ) .  One third of these crashes involved a car running off a right bend  (group 
G), 19% involved a car running off a left bend, 22% involved a car running off a straight road  to  the left and 
18% involved a c a  running of a strajght road to the right (Table 27). 

The slnall number of crashes of each  type  precludes  derailcd analysis. However, the major distinction between 
passenger and  driver side impacts is for the crashes in which the car mns off a right hand  bend. In a lnajority 
of these caes  the impact is on the passenger’s side. For the less  frequent case of the car running off a left hand 
bend, however,  there  may be a slighL predominance of driver’s side impacts (Table 27). 

Table 27. Number of fatal  side impacts with objects for cars with at least one occupant on the  1-ight and one 
occupant on the left by locatiori ofimpact (FORS 1588 and 1990 Fataliiy Files) 

Sinele vehicle side impact crash tvDe hnoact location 
(see Figure 5 in Chapter 3 for detailsj Passenger side Driver side T o ~ d  (%) 
Group E Off straight to left 19 16 35 22% 
Group F Off straight to right 
Group G Off right bend 
Group H Off left bend 
Othcr single vehicle side impact crashes 

17 12 29 
41 

18% 
14 55 34% 

13 18 
9 3 

31 19% 
12 7% 

Total single vehicle side impact crashes 99 63 162 100% 

Thus, even after adjusting for occupancy, a markedly asymmetric distributlon of impacts was seen  in 4 of the 8 
major  types of sidc unpact crashes with three of thesc  types  being  more likely to result  in a passenger side 
impact. Therefore, the disproportionate number ofpassenger side impacts seems to result lrom the [act that 

risk, and there little evidence that it is affected by specific avoidance actions (eg  turning the driver’s sidc of  the 
certain  common  crash  patterns.  by  their  very nature, tend to expose the passenger side of the vehicle to greater 

vehicle away prior to the impact). 
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Fatality risk and seating  position 

The greater proportion of passenger side impacts does not necessarily imply an equivalent relative risk for 
drivers and passengers. This is because, while it is true that those sitting nearest to the  point  of impact are 
much more likely than far  side occupants to be killed, there are many instances where this outcome is reversed 
or where both left and right side occupants are killed. 

Th~s  is illustrated in Figure 6 which depicts the breakdown of the  various  combinations  of front seat faollities 
for left and right side impacts for the most recent (matched) FARS data. The proportion of the cars in  which 
both front seat occupants die in side impacts is approximately one fifth, regardless oi whether the impact is on 
the right or the left. However, there is a non-negligible percentage of cases where the  near  side occupant 
survives  and  the far side occupant  dies. 

Figure 6. Cars  with the driwr(Dj  andfrontpassenger(Pj matched on age, sex and seat belt use, according 
whether the driver andlor the passenger died in (labelled +J or  survived (labelled oj a side  impact 
to the leftor right ofthe car  (FAKS  1991.93) 

Passenaer's side  immcts (767 cars) )river's side  immcts (594 cars) 
Near side, driver dies 403 68% 

Both driver &pass. die 120 20% 

side: pas .  dies 71 12% 

Near side; pass. dies 519 68% 

Both driver & pass. die 166 22% 

Far side: driver dies 82 11% 

From  the data in Figure 6 it can be calculated that, overall, there were 1.14 (876/771) times as many fiont seat 
passenger deaths as drivcr fatalities, suggesting that the greater number of side impacts translates into a similar, 
hut smaller, increase in fatality risk for those in the passenger seat. 
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While  these  results  suggest  that  occupants m passenger side seating  positions are at greater risk of dying hom 
an  impact to the side of the  vehicle,  there  appenrs  to be no overall safety advantage when all crash  types are 
considercd. In particular, it appears t h a t  those on the  driver’s side are exposed to greater risk in rollover 
crashes. Table 28  gives the ratio ol (matched) hont seat passenger deaths  to  driver  deaths for various  crash 
impact  types. 

Table 28. Total number and overall ratio  offi.onrpassenger  and  driver fatalities iri cars wirh borhfronl 
seats  occupied by adults (>=I6 years) matched on axe (wiihin 3 yearsl, sex m d  seal belt use, at 
least one ofwhom dies, bypoirit ofimpacr and  type  ofcrash (PARS 1991-93) 

Pomt of impactjrype of crash 
To~ i l  fatalilies 

Front right Passldriver 
passengers  Drivers ratio (SE) 

Overall  fatality ratio 

Front 

Rexiroof /undercarriage 
Side (right and left) 

9x7  957 1 .O? 
X76 

( d 5 j  
77 1 1.14 

131 
(.06) 

128  1.02 ( . I 3  

Ovcrtum 4x4 592 0.82 (.OS) 

Total 2478  2448 1.01 (.03) 

These analyses  were  repeated  using FARS data from  the  years 1982.1983 and this revealed a very similar 
pattern of results. These results  therefore  suggest  that  overall  risk is essentially similar for tront seat occupants 
of both positions and that this has not changed  substantially over the last  dccadc. 

more driver’s side deaths  occurring  in  rollovers  when  occupancy  on the left and right ofthe vehiclc \vas  
Similar analyses performed on the 1988 and 1990 FORS data again resulted in the  samc  pattern,  with  relatively 

controlled. 

This was further cxplored in the preliininary  version of the 1992 Fatality File which  included additional 
information on the pattern of vehicle  damage  resulting  from  the rollover. Although  the  number  of  cases was 
limited, it was  clear  that  occupant  deaths weremore likely  to  occur  when  seated on the side with the greatest 
vehicle  damage. For examplc, rollover events where the primary  damage  was  to  the  driver’s side or driver’s 
side and roof (presumably a result orrollovers m  which  the  initial contact was on  the  drivcr’s  side)  generally 
resulted in the death of driver’s side occupants rather thm passenger side occupants. 

This suggests thal the  unequal  risk  of  front seat occupants in rollover  events reflects a tendency for vehicles to 
initially roll onto the driver’s side. 
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4.2 Differences between left and right impacts:  fatalities  and 
physical  factors 

The previous section has shown that there are more potentially lethal passenger’s side impacts than driver’s 
side impacts. This section now examines  differences belween &driver and passenger side fatal crashes. 
This is done separately for collisions  with objects and collisions with other vehicles. 

Fatalities in  right and left side impacts 

A total of 375 persons were killed in side impacts. Of these, 183 were killed in driver’s side impacts and 192 
were killed in passenger’s side impacts.  The following table shows the breakdown of the persons lulled by 
seating  position and by point of  impact. 

Table 29 . The  number of car  occupants  in  various  seating  positions  and  the  number and percentage  killed 
as  a direct  result of an  impact to the  side of the cur (impacts to lhe lefr and  right of the  car  are 
s h o w  separately) (FORS 1990 Fatality File)  (The shaded  region  contains thefive standard 
seatingposrtions  in  upasscnger car.) 

Seating position in cars sustaining fatal driver side impacts 
Leftside All occupants  Unknown side Ripht side Centre seat 

Dead Total 
Driver’s side 

Dead Total Dead Total Dead Total Dead  Total 
1 157 229 

69 % 
3 22 51 

39% 
. .  

Unknown 4 15 4 15 
I I I I I 

All 183 301 6 19 147 171 1 10 29 9s 
occupants 61% 83% 10% 31% 
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Almost lhrce quarters of the persons killed in right side impacts were drivers (133  out  of 183,7376). On the 
other hand, front left  passengers only comprised 47% of persons killed in left (passenger) side impacts. In fact, 
drivers made up a sizeable percenlage of persons killed in passenger side impacts (34%,  66 out of 192). The 
next largest group were rear passengers seated on  the IeCt (12%. 23 out of 192). 

Rear seat passengers made up  only  12% of persons killed in driver’s side and 16% of  persons killed in 
passenger’s side impacts. 

The characteristics of persons killed m driver’s side impacts and passenger‘s side impacts were also compared. 
There was a higher percentage of males killed in driver’s side impacts (64%) than passenger’s side impacts 
(49%), presumably reflecting the  larger  number of drivers killed in near side impacts and  the higher likelihood 
of a male driver. 

Children comprised  only 6%  of persons killed in side impacts. There was a slightly higher percentage o l  
children (aged up to 16 years)  among  the persons killed in passenger side impacts (8%) than driver‘s side 
impacts (4%), however, there was no statistically significant difference in the agc distribution between persons 
killed in left and right side impacts. 

Physical factors in left and  right side impacts 

We  have seen earlier that 60% of all side impacts are collisions with other vehicles and the remainder are with 
other (generally  fwed) road side objects. This percentage breakdom is not statistically significantly different 
for driver’s side (57% of collisions with  other  vehicles) and passenger’s side impacts (63% of collisions with 
other vehicles). 

Physical  factors in left and  right side collisions with objects 

Left and right side impacts with objects were compared in tenns of the type of object hit, the estimated car 
travel  speed and the  mass of the car. Iione of these factors were found to  vary significantly between passenger’s 
side and driver’s side impacts. 

Physical  factors in left and right side collisions with other vehicles 

Within the class of  side impact crashes with other vehicles, left and right impacts werc compared in terms of the 
speed and mass of the car which  was hit on the side, and also between the speed, type wtd rehtive mass of the 
other  vehicle. 

A car hit on the driver’s side was  slightly more likely to be manoeuvring or travelling at slowcr speeds (69% at 
estimated speeds of at most 60 kph) than a car hit on the passenger’s side (50% at most 60 k p h j .  The  only 
multi-vehicle side impact crash with a predominance of driver’s side impacts was the small number of group D 
crashes Figure 4) in which  the car turns right and is h i t  on  the driverr‘s side by another vehicle on the right, 
whereas  the higher speed non-intersection head  on crashes (group A) were more likely to result in passenger’s 
side impacts. 
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The other major difference in the physical factors in these multiple vehicle crashes was the type  of vehicle 

impacts with other cars (60%) compared with driver’s side impacts with cars (only 37%) (Table 30). 
striking a car on the driver’s or passenger’s side. There was a much higher percentage of passenger’s side 

Conversely, there was a higher percentage of driver’s side impacts  with larger vehicles  such as trucks  (39%). 
compared with passenger’s side impacts (17%). Subdivision of the numbers by crash site showed  that  this  trend 
was evident in both urban and rural locations. 

This result was confirmed in both the 1988 FORS Fatality File and the US FARS dab  set (1991). In the earlier 
Auslralian data, 58% of passenger’s side  impacts  were  with cars (compared  with  43% of driver’s side impacts) 
and 34% of driver’s side impacts were  with  trucks  (compared with only 23% of passenger’s side impacts). In 
the  FARS data, the size of the difference was substantially reduced (45% ofpassenger’s side impacts were with 
cars compared with42%  of driver’s side impacls with cars). However, the result was still statistically 
significant due the much larger number of cases. 

Table 30. Number  offaial  impacis  on  the  driver’s  side and the  passenger’s  side of the cars by Qpe of 
striking  vehicle (FORS 1990 Fatality  File) 

Type of vehicle striking the car on the side Fatal imuact location on the car 
Driver’s side Passenger’s side 

Motor  cycle 2 2% 1 1% 
Car 33 37% 61 60 % 
Van/panel  van/car  based  utility/rlWD 7 8% 17 17% 
Light truck 7 8% 0 0% 
Rigid or articulated truck  35 39 % 17 17% 
Bus 1 1% 3 3% 
Train 4 4% 3: 3% 

Total 89 (100%) 102 (100%) 
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Appendix 
Fatality File coding: point and direction of impact 
This section contains the definition  of  the different impact types in terms of the Australian 1990 Fatality File 

definition is based. 
items, Point of primary impact (PI) and direction of impact (DI) are the two vehicle items on which the 

The point of primary impact (Po is defined as the impact point on the vehicle which most likely caused the 
fatality. In the Fatality File coding scheme the surface of the vehicle is divided in10 11 specific areas and other 
codes are allocated if the impact involved more than one of these specific  meas or the fatality was a result of the 
vehicle overturning (Figure Al).  

For example, if the impact was  spread  over the whole of the front of the vehicle (eg codes 1,19 and 17 on Figure 
Al) the point of impact is coded 21, whereas if the damage was confined to only the centre front (code 19) and 

used  in cases where there is a diagonal impact to the corner or where there is damage to bolh sides but  the 
the front left (code l), then the point of impact is coded  20. The L-shaped comer codes (30.31,32,33) u e  

acrual point of impact is unclear. 

Separate codes  (not  shown on the figure)  are  used for undercarriage (26) and overturn (27). Code 28 is used for 

electrocution, an earthquake or falling from the vehicle where there is no impact. These cases are excluded. 
cases where thc vehicle occupant death is not due to an impact or overturn, for example, immersion in water, 

The direction of impact (DI) is the direction of the  primary impact (Figure Al). The direction of impact is not 
applicable for overturn impacts. 

Figure A l ,  Coding schemes  for the  point ofprimary impact (PI) and direction ofprimary impuct (DI),  items 
E22 and 823, for  vehicles  in  the 1990 Falalit!,  File 

Point of impact (Pi) 

Front of vehicle 

I 

2 3 4  14 24 

6 12 

1 8 10 
I 

33 
22 

32 

Rear of vehicle 

Direction of impact (Dl) 

Front of vehicle 
2 

Rear of  vehicle 
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Major impact types 

Frontal, right side and left side impacts  and  the component subdivisions of these are defined as various 
combinations of the PI Fatality File codes. This is illusrated diagxrmnatically Figure A 2 )  ,and tabulated in 
Table AI.  The direction o f  impact (DI) is only used to divide the L-shaped comer impacts mto fTont or side 
impacts. 

Full frontal impacts m) comprisemainly those impacts to the  whole  of the front of the vehicle and also :I 
small number to the central front portion only. 

Front  right  offset  impacts VR) comprise mainly front right corner unpacts &-shape PI code 31) and also 
impacts lo the right of thc centre of the front of the vehiclc. 

to the lect of the centre of the front of the vehicle. 
Front left  offset  impacts @'L) comprise mainly front left comer impacts (L-shape PI code 30) and also impacts 

Right  side  centre  impacts (RC) comprise mainly those  impacts to the whole of the right side o f  the vehicle and 
also impacts to the central area only. 

Right  front  impacts (RF) comprise mainly thoye impacts to the front right wheel area. 

Right  back  impacts (RB) comprise mainly those impacts to the rc'v right wheel area. 

The left side impact definitions mirror those of the right side P C .  LF, LB). 

Figure A2. Subdivision  of whicle  surface  into  frontal (bold t m J ,  r-ifht  side and left  side  impacts (and 

Fatali9 File  (Figure A2). Note that  direction  ofifnpacr  {ulso dejirieil irl Figure AZj is used 
subdivisions of thesej in terms of the point of impact regions  coded specifically i n  the 1990 

only to divide  the  corner  impacts inro fi-oni and side. 

FF = Full frontal 
FL = Front  left 
FR = Front right 

.F = Left front 

.C = Left centre LC 

.B = Left back 

LC 

LB R B  

I I 

C 

RF = Right front 

RC = Right centre 

RB =Right back 

LB jL -6 RB 

Rear of vehicle 
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Table A l .  Definition of impact  types  and  subtypes in terms of 1990 Fatal& File items PI and DI for 937 

[mpact type Area and direction of impact PI DI # cars 
Front 421 

, ,  292 
Whole &front 21 All 281 
Central portion  only 19 All 5 

curs  with  direct  impact related occupant  fataliries. 

,, , , 
, ,  

, ,  , ,  

, ,  ~ 

, ,  

&dit riahrof&&% 
, ,  , ,  

5 1 ,  , " 

, ,  
, ,  85: 

Front and right side from front or angle 31 1.23 61 
Right of centre front 18 All 20 
Front right comer 17 Au 4 

. , .  
, . .  nm& l&off;&ii.i] : ~ : , , '  , ,  , , ,  , 44 

, ,  
, , ,  , , ,  , 

, ,  
, ,  

Front and left side from front or angle 30 1.2,3 
Left of centre front 20 All 11 

33 

Front left comer 1 All 0 

Right  (driver's)  side , ,  
, , ,  , ,  ' , , ,  , , , , , ,  ' 

156 
Rj&Genue&Q , , ' ,  ' , , '  ' , , ,  , , . ,  ~ , ,  . ,  , , ,  ' ,  113 

Whole of right side 

Fronl of centre on right 
Centre of right side only 

Just behind cenbe  on right 

24 All 
14 

81 
4 1  

1s AU 
23 

13 
6 

All 3 

C c n h  of left side only 
Front of centre on left 
Just  behind centre on left 

4 All 33 
3 All 9 
S All 1 

Left ' f rn t  mlq , ,  , ,  , .  , ,  , ,  
, , ,  22 

Front left side wheel area 2 All 19 
Front and left side from the side 30 8 3 

Left baclc m $ 1 ' :  , ,: , " ' , ,  , , ,  4 
, ,  , , , , , ,  

, , ,  
, ,   , ,  , ,  

, ,  , 

Rear left side wheel area 6 Au 4 
Left side and rear from side 33 x 0 

Ither 35 
R@X 7-11,22 All 20 
Roofhndercmiage 25,26 All 11 
Rear and right side from rear or angle 32.33 5,6,1 4 

herturn Fatal impact on overturn 27 153 

rota1 927 
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