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EXECUTIVE SUMMARY 

INTRODUCTION 

Side  impact  collisions  are  particularly  severe  types of vehicle  crash on our roads.  They  account 
for  around 25 percent of all injury  crashes that occur in Victoria  and  a  much more substantial 40 
percent  of  serious  injury  crashes  (where an occupant is either  hospitalised or killed). 

Side  impacts  present a difficult  problem  for  crash  protection  as  there  is  little  structure  available 
between  the occupant and  the  impacting  vehicle  or  object. By comparison. it  is  reported  that the 
front  ofthe  vehicle can  absorb up to  five  times  as  much  energy as the  side  structure  before  injury 
occurs  to the  occupants  of the vehicle. 

International  developments  by  governments  in  side  impact  protection  are  focussed on  new 
regulations  to  improve  side  impact  structure.  The US has  introduced a new  side  impact  standard 
which  has  a  three  year  phase-in  period  commencing  with  1994  vehicles. A technically  different 
side  impact  regulation  is  presently  being  considered  for  introduction in Europe  in  1995. 

The  present  side  impact  standard  in  Australia  specifies the amount of intrusion  permissible  from 
a  static  load  test  which  results  in  side  impact  beams  fitted  to  most  Australian  vehicles.  While 
Australiais  the  only  country outside  ofNorth.4n1ericato  have  a  side impact standard,  doubt  exists 
about how effective  this  standard  alone  is for adequate  side  impact  protection. 

AIMS OF THE STUDY 

With this in mind: the Federal  Office of Road  Safety  commissioned the h?onash University 
Accident  Research  Centre  to  examine  the  level of protection  available  for  occupants  seriously 
injured  in side  impacts  and  what  can be done  to  reduce  the severity of injury to car  occupants 
involved in  these  crashes. 

The  results of the  study  were  to  be used to  assist  the  Federal  Office of  Road  Safety  in  future 
initiatives  aimed  at  improving  occupant  protection  for  Australian  motorists.  Emphasis  was  to  be 
given to  the  need  for  “performance based  standards“ and the  suirability and desirability of 
adopting  overseas  regulations for use  in  this country. 

CRASHED VEHICLE INSPECTIONS 

The  main  source of data used in  this  study was that collected from the inspection of vehicles 
involved  in  real  world  crashes  where at least one occupant  was  either  hospitalised  or  killed.  These 
inspections  commenced  in  1989  and  concluded in 1992  comprising  a  total of50 1 crashes  and 606 
injured  occupants.  Ofthese cases: there  were 198 side  impacts  and 234 injured  occupants  which 
were of  interest  to  this  study. 

Information  was  collected on vehicle  deformations:  injuries  sustained  and  sources of these 
injuries. Changeofvelocityduringimpact\vas assessedusin~theCRASM3  con1putationofDelta- 
V. Allinjuries~~Jerescoredforseveri~;usitlgtheAbbre\,iatedI~ljur?;Scale(..\ISSj)procedureand 
vehicle  damage  was  assessed  using  the US inspection  system  specified by the National  Accident 
Sampling  System (NASS). 

SIDE  IMPACT  CRASHES 

The  mean  impact velocity  change (,delta-V) was  35kn1ih  which ranged from 8 to  over  96km/h. 
More than one-third ofthe values were equal to or belo\v?7!m1fh,  the  value equivaleut to thenew US 



srde impact test fol- a crabbed crash coniiguratlon a n d  two vehicles of equal mas? 

Impact  occurred  with  the  passenger  compartment i n  almost all these clmslles resulting in  injul-y 
I-Ialfofthe iinpactswereperpendicularwl~iletherest~~ereobliques Doors,  pillars and side panels 
were conlnlonly defol-med and intnlded into the cabin in these crashes 

Sixty percentofiheoccupants  weredrivers; 27 percentfi-ont left passenyers. while I3 percentwere 
rear seat occ.upants Roughly two-thirds were seated on the impacted or near side and one-third 
on the  opposite  far  side 

Eighty-seven pel-cent of ftront seat occupants and 54 percent of real- seat  occupants wore seat  belts 
These  figures are lower than that obsetved in the population generally  suggesting that seat belts 
still afford protection  to  occupants involved in side  impact colltsions (it  may also reflect a 
tendency for  those not weal-ing belts to be over-involved in side impact crashes) 

Ejection rates (where  the occupant  was  observed  to  be partially or f d l y  out of the vehicle  after the 
collision) were  over one-thil-d among those not wearing  seat belts but only  about two percent 
alllonybeltwearers. Therewerefe’ewernon-wearers entrapped  thanwearers. although it isdifficult 
to intelqxet this finding i n  terms of the likely injuty  consequences for the occupant. 

INJURY FlNDlNGS 

Drivers  sustained mal-glnally more injuries on average than all other  occupants  However,  there 
were pt-actically no differences  obselved in the severity of these injuries across all seating 
positions Severe injuries to the chest. head and abdomen and pelvis wel-e observed for all 
occupants regardless oftheir seating  position. l’llese injuries are more likely to be life  threatenins 
than  others  confirming the serious  nature of these cl-ashes for occupants 

The most  conlnlon  sources of injury to both front and [rearoccupants was  the door panel and frame 
Other  injury soul-ces were  the  side panel, instlument panel, and side window  While  seat belts 
caused in-iury to approximately  one-third of the occupants, these injul-ies were predominantly 
111 i llor 

Other  occupants  caused  severe injul-ies nlost noticeably to  front left,passengers  This was. in part, 
because  there is always  another  occupant (the driver)  present.  Exterior  objects were  more 
fl-equently a source  of  injury for rear seat passengers reflecting the high el^ non-wearing  betlaviour 
and the greater  tendency for ejection in the rear seat. 

INJURY AND SOURCE ANALYSIS 

This  analysis  enabled the  most common in-jury by  source  combinations to be illustrated 

Fot-front  seat  occupants, the Innst frequent  severe injury cornbinations were  the chest, abdomen- 
pelvis and  lower  linlbs with thedoorpanel,  andtheheadwith exterior objects Gwen the  relatively 
high belt weat-ing 1-ates among  these  occupants,  there were  very  few differences in the pattern of 
results for  seat  belt  wearers and  non-wearers. 

For rear seal  occupants, the  most  common sevet~e lnjul-y cornbinations comprised chest, 
abdomen-pelvis  and upper extremities with the  door panel, and with  exterior  objects The thl-ee 
most frequent  injury-sources for unrestrained rear seat  occupants  comprised  abdomen-pelvis and 
chest  with ewteriol- objects  and chest with  the  door  panel. 

There  were  fewer  severe head in.iuries but  more m j o r  neck and spine Injuries frorn exterior 
contacts  overall for rear than ftront seat  occupants 
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outside  objects  such as the impactvehicleol~structure Double  sideglazing with plastlc  laminates 
are  fitted to some  expensive  models  overseas  for  sound  insulation  These  windows would also 
seem to  have  the potential  to act as a  side  impact  countermeasure  Further  research to confirm  this 
benefit is warranted. 

Seat Belt Wearing 

Given  that  those not wearing  seat belts were  two to three  times  over-represented  among  this 
injured population  suggests the need  for  increasing  further  seat  belt  wearing  rates in Australian 
passenger cal-s. This is especially  true in the  rear  seat, but even a one percent  improvement in the 
front  seat as well is likely to have a sizeable  injury reduction on these  figures  Seat belt warning 
lights have  been  recommended  in  earlier  reports and legislated in the new frontal crash  regulation 
ADR69. Effortsloensurethatthesedevicesareeffectiveinlncreasingseatbeltwcaringbehaviour 
are paramount fol- future injury  reductions. 

Improved Belt Systems 

Belt injuries  were quitefrequentarnong  theoccupants, although mainly oflow  severity. In  several 
cases, it seemed  that the belt  hardware may have played a  role in some of these  injuries.  This is 
not too  surprising,  given belt geometry  and  the  direction  of  forces.  Efforts  aimed at reducing 
opportunities  for  contact  with  hardware  items as well as methods of ensuring a closer "coyding" 
of the occupant to the  seat  would seem  to be useful. 

This couplingmightbeachievedbypre-tensloning devices andwebbingclamps  onthe belt system 
although  they  tend  to  operate  more  effectively  to  prevent  forward than side  movement.  Alterna- 
tively,  perhaps the  seat backs  could be more of a sculptured design to offer  more  resistance  to 
sideways  movement  by  the  occupants.  This would also act to  improve  occupants'  separation 
which would have positive  benefits also i n  improved  side  impact  protection. 

Instrument  Panel  Improvements 

Therewere relatively  high  numbers of lower limb injuries  from contacts with the instrument panel 
This  was also reported  earlier in FORS Report CR95 for frontal  crashes.  Prevlous  solutions have 
included  more  forgiving  lower  instrument panels and kneebars which appear to be  cost-effective 
in frontal  crashes It seems thatthese improvements  would  also heof  some  value in helping  reduce 
these  injuries in side crashes 

Reduced  Side  Impact  Opportunities 

It was noted  earlier  that side impacts present a  special  problem for occupant  protection  because 
of the  minimum  amount of structure  between  the  impactlng  object and the  occupant.  Given  the 
severe  limitations  available  for  secondary  safety  improvements,  there  would  seem to be a special 
case  for  greater  attention  to  preventing  these crashes from  occurring 

As many ofthese crashes  occur at intersections,  attempts to mininlise  the  number of cross-flow 
opportunities  (fewer at g a d e  intersections) would be  worthwhile. In addition, the installation of 
roundabouts and the removal of roadside  hazards  would  also  reduce  the  number of  severe  side 
impact  crashes. 

SIDE IMPACT REGULATIONS 

The  question  of  the  need  for an improved  side impact standard to incl-ease the level of structural 
integrity is paramount  to  these  discussions  The  responsible  authorities in the  U.S.A. and Eul-ope 
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have  decided on two different  test  procedures and dummies that  cannot be harmonised  but  which 
may  not be necessarily  incompatible  for  compliance  purposes.  This  raises  the  question  then of 
whether  Australia  should also adopt one or both of these two standards  to  ensure  increased 
protection for Australian  vehicle  occupants. 

In addressing this, it would  be  helpful  to  have some indication of the  likely  benefits and costs for 
implementing  either or both  side impact standards.  While  the  available  data on the  likely  injury 
reductions and the  costs  of  meeting  these  standards  is  a  little  unclear  at  this  stage, it still  would 
be  possible  to make estimates  of these with sufficient accuracy to provide  regulation  guidance. 
Given  that  a  dynamic  standard is likely  to  reduce  side  impact  trauma in road crashes, there is 
clearly  a  need for further  investigations on the advantages of Australia  adopting  either or both 
these  standards  in  the  foreseeable  future. 
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1 .  INTRODUCTION 

Motor  vehicle  occupant  protection  has  received  considerable  attention  in this country  over  the 
last  two  decades.  Seat  belts,  improved  vehicle  padding,  head  restraints  and  door  beams  have all 
contributed  to  some  degree  in  reducing  the  number  and  severity  of\.ehicle  occupaut  casualties. 
Yet,  vehicle  occupant  casualties  are  still  the  single  largest road safety  problem  in  this  country. 
Roughly  two  out  of  every  three  persons  killed or  injured o n  the road  each  year  are  occupants of 
motor  vehicles  (Transport & Communications.  1988). 

Passenger  cars  world-wide  are  currently  undergoing  substantial  changes  in  design. h i - b o d y  
structure  and  front-wheel  drive is becoming  more  connnon  amongst new  vehicles  (American 
estimates  for  this  design  concept  are  as  high  as 90 percent  for  their  current  vehicles:  Fildes, 
1988). In addition,  small cars  with  a  body  weight  of  less  than 1 lOOkg are  also  becoming  more 
prevalent  (1985  census  data shows that 45 percent of  new car sales were  less than 1 IOOkg 
compared to 42 percent  in  the  previous  1980  census). 

Seat  belt  wearing  is  also  well  stabilised  at  high  levels  in the front  seat  of  Australian p a s s e n p  
cars (94 percent)  although less for rear  seat  passengers (SO percent) (,Ow Amp 1990).  Given 
the relative  dearth of recent  local  research  in  this area: it is timely then  to rel~iew the lewl of 
safety of modern  passenger  cars  to  see ifthe current level of occupant  protection  is  optimal .for 
all  vehicle  occupants. 

A first  report of this  project  has  already  been  published  which  examined the level of  protection 
for  front  seat  occupants  involved in frontal  crashes  (Fildes. Lane, Lenard & Vulcan  1991j. A 
number of recommendalions were made i n  this  report  for  which  their  cost  effectiveness  was 
subsequently  evaluated  (Monash  University  Accident Researc.11 Centre 1992). To date, h o w  
ever;  little  attention  has  been  paid to occupants  involved in  side  impact  collisions. These 
collisions  are  known  to  have  an  abnormally  severe injup outcome  for  vehicle  occupants 
because ofthe lack  of  prokction  normally available  in  side  structures of  passenger  cars. 

1.1 PROJECT OBJECTIVES 

I n  April  1989,  the  Federal Office of Road  Safety  commissioned the Monash  University 
Accident  Research  Centre  (MUARC)  to  undertake  a study into occupant  protection of modern 
passenger  cars in Australia.  The  objective of this  study,  specified  by the Federal  Office of  Road 
Safety,  was  to  examine  the  nature  of  occupant injuries: as  well as vehicle  and  crash  relation- 
ships,  to the occupants  of posr-19S2 passenger  cars  involved  in  road  craslles. 

Specific  vehicle  characteristics and design  features  that  could be addressed  to offer improved 
occupant  protection  for  occupants  of  future  vehicles  were to  be idemitled. This program  of 
research  concluded  in  1992  after  details had been  obtained on more  than 500 crashes  involving 
over  600  injured  occupants. 

The results  of  this  study  were to be  used  to  assist  the  Federal  Office ofRoad Safety in  the  future 
development of initiatives  to  improve  vehicle  occupant  protection in .4ustralia. There  was  to  be 
a  particular  focus  on ')~e~:ju:iol.mmm bnser? sfondirrds" where all manufacturers  would be ex- 
pected to  meet pre-established  safety criteria, rather than measures invoking design  criteria. 

As noted  above,  a  first  project  report (CR95) was  published in 1991  which  addressed  the 
protection  of  front  seat  passengers in frontal  collisions.  Subsequently,  a  second  report (CRl00) 
was  published  in 1992  which examined 1112 feasibility of  the  measures  recommended  in  the 
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CR95  report.  This  report  investigates the level  of  protection  for  both  front  and  rear  seat 
occupants  involved  in  side  impact  crashes  and  makes a number  of  recommendations  about 
suitable  countermeasures  to  alleviate  these  injuries. 

1.2 STUDY METHODOLOGY 

The  project  design  included  a  number  of  different  research  tasks,  including a review  of 
Australian  and  overseas  occupant  safety  literature, a mass  data  analysis  of the Transport 
Accident  Commission’s  compensation  data  base  (enhanced with additional  information from 
the Victorian  police  accident  data and the  Victorian  vehicle  performance  of  these  vehicles and 
which  vehicle  components  are  commonly  involved  in  injuries  to  occupants for  a  range of 
different  vehicle and crash  configurations. 

The  various  tasks  and  the  methods used for  each  of  these  components  of  the  research  program 
was described  fully  in the earlier  report  (CR95). 

This  report  focuses on the  side  impact  findings of the  study,  including an overview of vehicle 
types and  components  likely  to be over-involved  in  occupant  injuries and  recommendations  for 
further  research  and  development  in  improving the level  of  safety  for  Australian  vehicle 
occupants  in  these  crashes. A second  literature  review  outlining  recent  publications in side 
impact  protection  is also included  which  incorporates  current  developments  in  side  impact 
regulations  both  in  Europe  and North America. 

2 CHAPTER 1 - INTRODUCTION 



2. SIDE IMPACT LITERATURE REVIEW 

Side  impacts  constitute a large  fraction  of all injury-  producing  collisions; 17% to 25% About 
two-thirds of these are car  to  car  collisions  and  another 15% to 20% side collisions with  poles  or 
trees, a source of high  mortality.  About half the  side collisions are perpendicular  and  half 
oblique  and 80% involve  the  passenger  compartment  (Mackay,  1990). 

2.1 SIDE IMPACT CRASHES 

According  to  Marcus,  Morgan:  Eppinger,  Kalieris,  Hatten  and  Schmidt (1983), lateral  impacts 
produce a large  proportion of all serious  and  fatal  injuries - as much as 27% to 30% according 
to Fan (1987). Side  impacts  account for 12% of total “harm”  (Malliaris et a1 1982). This 
proportion  would  be  higher  in  countries  with hi& belt-wearing  rates, as a substantial  number of 
frontal  impact casualties would be removed from the total harm.  According  to  Mackay,  Parkin, 
Hill and Mums (1991), of injury-producing  collisions with high  belt use 20% to 30% are  lateral 
collisions. In Victorian  crashes of 1981  and  later  vehicles  for  which  Transport  Accident Com- 
mission  (TAC)  claims  were  made,  side  impacts caused 25% of all casualties but 28% of 
fatalities. Otte (1993) showed  the  range of directions of impact in two-car side collisions as 
shown  in  Figure  2.1 

Figure 2.1 Distribution of  impact  angle  (direction of impact of  the  impacfing 
car) in a range o f  real-world side  collisions  (from  Otfe 1993). 

Side  impacts  present a difficult  problem  in  crash  protection as there is little  structure  between 
the occupant  and  the  impacting  vehicle or object. The  front  structure of the  car can  absorb two 
to five times as much energy as the  side  structure  (Cesari and Bloch 1984). 
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2.1.1 Injuries From Side Impacts 

Head,  thorax and pelvis  are  the  main body areas  injured and the  interior  door  surface is the  most 
frequent  impacting  part.  Thoracic injury is the highest ranking  injury in non-roll-over, non- 
ejection  side  impacts  (Hackney,  Gabler,  Kanianthra and Cohen,  1987). From  Swedish acci- 
dents, Haalund  (1991)  found  that  in  car-to-car crashes, side  impacts  gave  rise to  more  severe 
injuries than  frontal  impacts.  For disabling injuries to  be  reduced  the  neck and legs need better 
protection; as regards  life-threatening  injuries, chest injuries  become  up  to four times  more 
frequent  with  advancing  age.  Injuries  were  twice as common on  the  struck as on  the  opposite 
side. 

When fatalities  alone  are  considered,  multiple  body  regions  are  frequently  injured:  Lestina, 
Gloyns and Rattenbury  (1990)  found head (64%),  chest (85%) and abdomen (26%) predomi- 
nated in AIS >= 3  injuries in the  struck  side  occupant.  On  the  opposite  side  the  head  was  most 
frequently  injured (85%) followed  by  the  chest (73%) and abdomen  (49%). In both  positions , 
in  this series, the  occupants bad more neck  injuries  than in the non-fatal series. 

Dalmotas  (1983)  found  that,  with  regard  to  occupants restrained by seat belts, there  was  more 
injury to  the shoulderichest,  pelvis and legs  among impact-side occupants,  whereas  there was 
more  injury to  the neck,  abdomen and arms in far-side  occupants.  The two groups  had  similar 
incidences  of  head/face  injury.  The  distribution of injuries in this  series  was  very  similar to that 
in Holt and Vazey’s  1977  series  (pre-ADR 29), shown in Table 2.1. 

TABLE 2.1 PERCENT OF 3-POINT  BELTED  CASUALTIES 
WITH AIS >= 3 IN SIDE IMPACTS 

BODY REGION HOLT and VASEY DALMOTAS 

Headiface 46.6 48.0 

Neck 1.7 7.1 

Shoulderkhest 48.3 40.8 

Pelvis 24.1 13.3 

Abdomen 10.3 11.2 

Uppa extremities 12.1 14.3 

Back nil 1,o 

Svurce: Holt and Vazey (1977), Dalmofas (1983). The d@erence in neck injwyj?e- 
qzrencies is due to a dijference in sampling  criteria. 

For  head  injuries,  however,  there  are  a  number  of  contacting  parts:  the  side  door  rail, window 
frame, A pillar, B pillar,  other  interior  surfaces and the  external  impacting  object itself as the 
head rocks  through  the  window  space  (Willkie and Monk,  1986). A diagrammatic  representa- 
tion  of  the  sources  of  injury is given by Otte,  Suren,  Appel and Nehmzow  (1984),  based on a 
large  sample  of  side  collisions (see Figure 2.2). For drivers  involved in  side  impacts, Otte 
(1993) demonstrated  the  maximum  deformation  height as shown in  Fizure  2.3. 
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2.1.2 Injury Mechanisms 

Occupants in lateral  collisions  can  be  injured by one or more of five  main  mechanisms 
(Strother,  Smith,  James and Warner, 1984): 

(a) contactins  the  (deformed or undeformed)  side  structure of the occupant's  vehilce, 

(b)  direct  contact  with  the  striking  object or vehicle, 

(c)  being  contacted by objects  (or  occupants)  from the opposite  side of the  vehicle 

(d) being  compressed  between side structures  and  other  parts of the  compartment,  or 

(e) being  partially or totally  ejected from  the  subject  vehicle 

These  authors  commented  that  the  fourth  mechanism  (d) is rare: because  collisions  with  this 
degree  of  vehicle  crushing causes early  fatal  impact-type  injuries  Since the side of the  vehicle 
is usually  pushed  inward in side impacts, the  occupants'  injuries  were  often  thought  of as being 
due  to  crushing  Maximum AIS and  crush  distance were  not related in a study  of 30 crashes  by 
Huelke,  Sherman  and  Steigmayer (1989). 

Figure 2.2 Injury-causing parts  for laterally  impacted passengers, 
differentiated by seating  position  (for all injuries 100%) 

on the  impact side and on opposite  side  (from Otte et ai, 1984). 
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Figure 2.3 Accumulated  frequency o f  maximum deformation  height 
in side  collisions  based on a sample o f  representative real-world 

accident  investigations  (Otte 1993). 

2.1.3 Source of Injury 

It is now recognised  that  the  injuries  are  nearly always impact  injuries  (Friedel, 1988).  The 
velocity  of the side  door  interior  surface  on  contact  with  the  occupant  is  similar  to the delta-V  of 
the  struck  vehicle - about 60% of the  closing  speed  of  the  striking  vehicle  (Viano,  1987).  Lau, 
Capp  and  Obermeyer  (1991)  refer to the  critical  event as “the  stationary  occupants  being 
punched  by  the  encroaching  door  at  a  high  speed  with  a  self-limiting  stroke”.  The  overall 
probability  of  injury  is  however not directly  related to overall  structural  stiffness  nor  to the  fmal 
extent of the intrusion  (Hobbs and Langdon, 1988) Dalmotas (1983), also,  recognises that the 
mechanisms  of  injury  in  side  impacts are more  complex  than  in  frontal  collisions. 

The events  are  described  by  Cesari  (1983,  p 133 et seq) as follows: 

“.. . the occupant sitting on the  side of the  impact  will be struck by  the  side  structure 
intruding into the passenger compartment  while still in his original seating posi- 
tion, and will he acceleraied  towards  the  opposite  side  of  the  vehicle  before  the 
speed ofthe vehicle itselfbegins to change to any  appreciable  extent. In terms of  the 
loading imposed on the occupanis, therefore, the motion of  the  vehicle itsegis of 
merely seconuhry importance. The decisive factor is actually the  large relative 
motion between the side  structure  and  the vehicle, in other words the rate of 
intrusion. ” 

‘Yf we consider ihe case  of  on@  one  occupant  seated i11 the  opposite  side injuries 
are open related to inrpacts against internal parts  ofthe car, some  of  them having 
been deformed by the collision. In the  case of two occupants on the  same  seat  row 
ihe interaction between fhem couldproduce injuries to both  of them.” 
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These  interactlons  between  passengers  are  likely  to be  important in right  angle  collisions 
(Faerber, 1983), the actual  consequences  depending on whether  the  interaction takes place after 
or before  the primary  impact  pulse is finished.  Forces  between  occupants  may  be  one-third of 
those on the impact-side  occupant from  the  primary impact.  Belts  may  mitigate or even 
eliminate  interactions  between  occupants (Jones, 1982). 

Mackay  et  al.  (1991)  found  that  interaction  between  front seat occupants  was not a frequent 
cause  of  injury  to  the  non-struck  side  occupant,  although 35% came out  of  the  sash  component 
of  the  belt. On the other  hand,  according to Thomas  and  Bradford (1989), interaction  with a 
non-struck  side  occupant  appears  to  aggravate  the  hjuries of 39% of all  struck-side  occupant 
fatalities. 

Strother  et a1 (1984) analysed the  side collision  in  terms of velocity  time  diagrams By  the  time 
the impact-side  occupant  has  contacted the interior  panel,  only  about  one-third of the  eventual 
intrusion  has  taken  place.  They  argued  that  the velocity of  contact is independent  of  side 
stiffness  for  the  fEst  10  inches  (25.4mm)  or so of  side c.rush. The  far-side  occupant  (belted or 
not)  may benefit from  more intrusion, as the side  interior  velocity may then  be  lower  when  the 
far-side  occupant  encounters it. Because  of  the  early  (about 25 ms) contact  between  impact-side 
occupant  and  door  interior,  this  occupant may not  benefit from  break-away  utility  poles,  for  the 
damaging  contact  will  have  taken  place  before  the  pole  separates  from its base.  This  effect  was 
demonstrated,  for  small  cars,  in  experimental  car-pole  collisions  (Hargrave,  Hansen and Hinch, 
1989) Post-collision  intrusion  is a poor and unreliable  measure of countermeasures  for  fixed 
object  lateral  collisions  (Strother et al,  1984;  Dalmotas  1983). 

The  important factors  determining  injuries  include direction of impacting  force,  collision 
severity,  mass  ratio of striking  object and struck  car, the response of the car to  lateral  loading as 
well  as  car  structural details (Otte et al, 1984; Freidel,  1988). 

2.2 EXISTING COUNTERMEASURES 

2.2.1 Seat Belts 

The  three  point  seat  belt  should  not  be  overlooked as a  countermeasure. It has  a  substantial 
protective  effect  for  opposite  side  occupants;  even  for  impact-side  occupants  it  still  has  a  small 
effect - for  example,  reducing  the chance ofthe head swinging  through  the  plane of the  window 
and  contacting  the  striking  object  (hlackay;  1988). Jones found  that  impact-side  occupants had 
a  risk  of  injury  of  77.9% if unbelted,  but 74.5S'O belted;  other-side  occupants had  70.3% 
unbelted  and 63.6% belted.  When  the  severity  level of the collision is raised  and  only  fatal 
casualties are considered, belts reduced  significantly only head injuries  (from 94%  to 67%) in 
opposite-side  occupants  (Lestina  et al, 1990) When the initial  trajectory  of  the  occupant could 
be determined, if its angle  with  the  longitudinal  axis of the car was  not  more  than  45 degrees, 
the three-point  belt  provided as much protection as in frontal crashes (Schuller, Beier and 
Steiger, 1989). In Yational  Highway  Traffic  Safety  Administration (NHTS.4) tests, Shimoda, 
Nishida and Akiyama (1989) found  that  the  three-point  belt did not  prevent  the  struck-side 
occupant's head from hitting the  upper part of  the door or  the mobile  barrier. 

2.2.2 Side  Impact Standard ADR29 

Door  stiffness  is  the  object of the only specific  countermeasure so far  implemented  The 
countermeasure  adopted in Australia,  Australian  Design Rule (ADR) 29, effective  since 1977: 
follows  the USA's Federal  Motor  Vehicle Safety Standard (FMVSS) 214. It prescribes  extra 



stiffening  of  the  door,  measured by static  deflection  when  the  door  is loaded horizontally  by a 
cylindrical  impactor.  The  requirement is usually satisfied by the  addition of a  horizontal  beam 
in  the  door  stmcture,  with or without  extra  strengthening of the  door  frame 

Victorian  data were analysed by Cameron (1980), who  found  that  there was  no statistically 
significant  evidence  to  show  that  compliance  with ADR 29 reduced the  risk  of  injury to  front 
seat  occupants on the  impacted  side.  Cameron  recognised  the  limitation  of the  small  sample 
size and that  the benefits in a  particular  type  of  side  impact could be diluted in the broad  group 
of  impacts  considered. 

Kahane  (1982) was able  to use a large  data base, including  seven years of  Fatal  Accident 
Reporting  System PARS) data, the  National  Accident  Sampling  System (NASS) data and 
three  years  of  Texas  accident  files  to  evaluate  the  effectiveness  of  FMVSS  214.  Kahane found a 
differential  effect: for fatalities;  there  was no significant  effect in car-to-car collisions, but  there 
was a 14% reduction in single-vehicle  accidents. If this class is restricted to  side impacts with 
fixed  objects,  the  effectiveness  was  23%.  For  car-to-car collisions, there  was a 25%  reduction 
in serious  injuries for impact-side  occupants.  There was, overall, also a reduction  of  9%  (single 
vehicle  accidents) and 13% (multi-vehicle accidents) in minor  injuries. 

Regarding  vehicle  deformation, in single  vehicle crashes, the  depth  of  crush decreased on 
average by 20%,  while  the  width increased by 20%; in multi-vehicle crashes the  depth  was 
decreased by 20% while  the  width  was  unaffected.  Ejection  through  door  openings,  incidence 
of  door  opening,  of  latch or  hinge damage, of ejection through  the  door  opening and sill 
override  were all reduced in cars complying  with  FMVSS 214. 

The  standard  added  an  average of $30 (US, 1982)  to  the  purchase  price  of  the  car and had an 
estimated  car-lifetime  cost of $61 per  car.  The  standard eliminated 1.7 “equivalentfatal units” 
per  million  dollars  of  cost. 

Kahane  concluded that the  standard helped cars to “glance by” fixed  objects,  limiting  the 
damage in  the  compartment  area and spreading it to less vulnerable  regions  of the car, but it did 
not  produce  deflection  of  striking  vehicles.  It  reduced  the  overall severity of the collision not 
only for  the  impact-side  occupants  but also, to a lesser extent, for  other  occupants. It also  helped 
protect  the  integrity  of  the  door  structure,  significantly  reducing  the  risk of ejection.  Overall, 
the  benefits were mainly in single  vehicle  accidents. 

2.3 BlOMECHANIC DEVELOPMENTS 

During  the  past  two  decades,  a  large  amount  of  research and development has been expended on 
the  side  impact  problem,  primarily in the  area of biomechanics.  According to Burgett and 
Brubaker  (1982)  the  side  of  the  vehicle  should  perform  two  functions  in a crash:  prevent 
ejection and provide  a  survivable  impact  environment.  The NHTSA side  impact  program 
concentrated on thoracic  injury  measures.  The  number  of  fractured  ribs  is related to  the 
acceleration  of  the  first  thoracic  vertebra  (with  age as an intervening  variable) and has a 
curvilinear  relation to thoracic AIS. Injury  is also related  to  chest  deflection. Force  on  the 
abdomen  is  related,  fairly  linearly,  to  its  deflection. 

Cesari and Ramet  (1982)  investigated  pelvic  fractures in  side  impacts and found  that  the  pubic 
rami  were  the  most deformed  parts.  They  propose a pelvic  human  tolerance  parameter with 
3ms  values  of I O l i N  for  50th%  male and 4kN for 5th% female.  with age, an intervening  variable 
(the  threshold for  fracture expressed by Acceleration=125-1.1  Occupant’s  Age).  Cavanaugh, 
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Walilko, Malhotra:  Lhu and King [1990), found, i n  cadaver sled wsts. that the best predictor of 
pelvic  fracture was nlasimunl velocity,  though peak pelvic  force and peak compression  also 
performed  well. Zlluu, Cavauaugh and King (1993) later found "average Ibrce" to be a good 
pelvic  injury  criterion as it reflects  the  rate of momentum transfer to the pel\;is in  side  impact 
(average  force is 5kV for  a 25% probability of AIS2 injwy'), 

There  have been a  number of comparisons of dunmy responses  with  cadaver tests and recon- 
structions of real collisions (early results were summarised by Burgett and Brubaker. 1982j. 
The  sub-system  approach  has be211 chiefly used for cievelopment of. for  example.  enelgy- 
absorbing  padding  material.  The  analytical  approach requires a ~nathemarical  model  to  repro- 
duce  both  vehicle  and  occupant  responses with great fidelity Principal  problems  have  been the 
need  for  detailed  information on the behaviour of specific body parts.  The  range of different 
side  impact  dulnnlies  developed  for  side  impact resting and reeulation is shown in  Figure 2.1. 

Q 

I 1 ,I' EuroSlD 

Figure 2.4 Crash test  dummy  development - side impact dummies 
o f  the present and future (from IIHS, 7992). 



2.3.1 The SID Dummy 

Eppinger,  Marcus and Morgan  (1984)  describe  the  derivation of an index  predicting  thoracic 
injury  on the AIS scale  from  49  cadaver  side  impacts.  The  best  predictor,  according  to  the 
authors, is the  Thoracic  Trauma  Index (TTI),  defined as: 

TTI = 1.4 Age + 0.5  (T12Y + LURY) x W165 

where  age  is  in  years,  T12Y  is  the  peak  lateral  spinal  (T12)  acceleration, LURY is  the  peak 
upper  left  rib  acceleration  (ie on side of impact) and M  the  mass  in pounds.  Shaibani  and  Baum 
(1990)  re-analysed  the  data on which  the  TTI were based  and  concluded  that it was as good a 
predictor of injury as any of several  alternative  models.  TTI  and  pelvic  acceleration are used as 
the  criteria,  measured  on  the  dummy, in side  impact  barrier  tests  in  the  new FMVSS. 

2.3.2 The EUROSID Dummy 

A parallel  program for development  of a dummy (EUROSID), under  the  auspices  of  the 
European  Experimental  Vehicle  Committee  has  been  described by Janssen  and  Vermissen 
(1988).  The  dummy  was  based on the  best  features  of  earlier  dummies  and  the  new parts -neck, 
thorax,  abdomen  and  pelvis - were  based  on  cadaver  data. After initial  trials  and  modifications, 
it was  subjected to a program of tests  specified by a working  group  of  the  International 
Standards  Organisation.  While  the  dummy  performed  well, it was  too  stiff,  in some tests,  which 
led  to  higher  than  specified  accelerations.  EUROSID  is  suitable for transducer  outputs from 
which TTI and  other  indices  can  be  derived. 

Comparative  evaluation of SID and  EUROSID  has  been  described  by  Bendjellal,  Tarriere, 
Brun-Cassan,  Foret-Bruno,  Caillibot and Gillet  (1988) in terms of head  impacts, neck bending, 
shoulder,  thorax  and  abdomen  responses and pelvic  performance.  Neither  dummy  complied 
with  all  the IS0 criteria,  but  EUROSID  does so rather  more  closely  than  SID.  Irwin,  Pricopio, 
Mertz, Baker and Chkoreff  (1989)  also  found  Eurosid  to be  more  “human  like”  than SID. 
Eurosid  performed well also  in  comparisons  with  cadavers in tests by Kallieris,  Mattern, 
McIntosh  and  Boggasch  (1992). 

2.3.3 The BIOSID Dummy 

The  methodology  leading  to the  TTI has  not  been  without  critics.  Ardoino  (1983)  and  Careine 
(1991)  have  questioned  the  validity  of  cadaver  responses  as  surrogate for  live  car  occupants. 
Computer  models  have  been  developed for both  dummies  (for  example, Low and  Prasad, 
1990). 

Viano  and Lau (1985)  noted  that  cadaver  chest  compression  sufficient to cause  injury  did  not 
have a fixed  maximum,  but  the  critical  compression  was  inversely  related  to  velocity  of 
compression.  They  argued  that  chest and abdominal  injury  was  caused by a  viscous  mechanism 
during  the  rapid  phase of body  compression.  This led to  the  concept of a Viscous  Tolerance 
Criterion,  defined as the  maximum  value  of  the  instantaneous  product  of  compression  velocity 
and  percentage  compression:  VC = v(t) x c(t) max. 

VC has  the  dimensions  of  velocity  and it is  said  to  be a “measure  of  energy  dissipated  by 
viscous  energy in the  tborax”.  The  VC  reaches its maximum  when  body  compression  has 
reached  only  about  half  its  maximum  value. The criterion  was  used  initially for analysis  of 
antero-posterior  impacts  on  the  thorax  and  has  been  extended  to  the  abdomen. From cadaver 
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tests,  tolerance  values  (for  25%  probability of serious  injury) were established as \‘C = 1 5 mjs 
for  the  chest  and 2.0 mis  for  the  abdomen.  These values  correspond  to 38% and 44% of 
maximum compression,  respectively. 

The  dummy  development  program  has  been criticised by  Viano and by  others  for  excessive 
dependence  on  skeletal  injury and acceleration,  Acceleration  cannot  distinguish  between body 
deformation  and  translation of the  whole  body,  In their view: SID is an inertia  device, not one 
that  relies on a compliant  human-like  response. An alternative  dummy, BIOSID, has been 
developed  based on Viano’s biomechanical  formulation. 

2.4 RECENT REGULATION  DEVELOPMENTS 

As noted  above,  the  effect of ADR 29IFMVSS 214 was to provide  improved  protection in  side 
impacts  with  fixed  objects.  New  technical  legislation is directed  towards  mitigating the effects 
of car  to car  side  impact. 

In  addition  to  the  two ‘‘OfJicid’ dummies, SID and EUROSD (and BIOSID,  developed  under 
the auspices of  the  Society of  Automotive Engineers): there  are two test  procedures.  The U.S. 
(NHTSA)  test  (effective  in  1993)  incorporates a moving  barrier  with  the  mass  of  the  median 
value  for U S. cars and a homogenous  deformable  barrier  with a stiffness  equivalent to that of a 
light  truck.  This  impacts  the  passenger  compartment in a crabbed  motion at ?4 mph (54 limih). 
Maximum  levels are prescribed for TTI and pelvic  acceleration. The proposed European  test 
employs a somewhat  “softei‘  mobile  deformable  barrier which is supposed  to  represent the 
varying  stiffness of a real  car’s front  structure  The  barrier,  whose  mass is related  to  the 
European  car  fleet, strikes the  car perpendicularly at 50 kmih  hlaximum levels are set  for 
variables  related  to  the  head, chest, abdomen and pelvis.  Performance in both tests  relates  to the 
struck  side  occupant.  The  tests  differ on 19 of 22 items  (Fildes  and  Vulcan,  1989). It is claimed 
that  differing  test  elements,  dummies  and  even  dummy  position  (front  or  rear)  can  have  large 
effects on  the  outcome variables in replications of tests on identical 1800 cc  Japanese sedans 
(Campbell,  Smith, Wasko and  Hensen,  1989). 

Lestina et al. (1990), in their  study of fatal  side impacts, consider  that  in-car  countermeasures 
would  have prevented 11%  of  the fatalities  (struck and non-struck side combined). As noted, 
Viano suggests  that as many as 30%  of serious  injuries  could be prevented  by  suitably  chosen 
padding.  Planath  (1992)  expects a 25%  reduction in in-jury risk in car-to-car collisions.  Less 
optimistically,  Henry,  Thomas,  Faverjohn,  Tarriere, Got and Pate1 (1989) consider  that  design 
changes  complying  with  the U.S. or  European  tests  would  save less than 1%  of all fatalities  and 
less than 2.5%  of all severe injuries  (ie 4% of fatalities  and 10% of severe  injuries  in  side 
impacts) 

2.4.1 Developments  in  Side  Impact  Protection in the USA 

The  United States has clearly  made  the  running in side  impact  regulations  since  the  early 
introduction  of FhfVSS 214  in mid 1970’s  which  specified a static  deflection  criterion when  the 
door is loaded  horizontally  by a cylindrical  impactor.  This  regulation  was  adopted in Australia 
in 1977 as ADR 29 

In  August  1990,  they legislated to upgrade  FMVSS  214 to include a dynamic  side  impact  test 
requirement.  Manufacturers  were  given  sufficient lead time  to  meet  this  requirement  which 
was to be  introduced in stages for  new vehicles: comprising 10% in 1994 models, 25% in 1995, 
40% in 1996, and 100% in 1997  models  This  means  that this year for  the  first  time, a 



percentage  of  new US vehicles  released  in  September  1993  will  be  required to  meet  this  new 
dynamic  side  impact  regulation. 

The US operates a “self-certification”  system  which  expects  vehicle  manufacturers to comply 
with  the regulations  rather  than  provide  test  evidence of compliance at time  of  model  release. 
The  National  Highway  Traffic  Safety  Administration  (NHTSA)  periodically  purchase  (anony- 
mously)  particular  models  and  submit  them to test for FMVSS  requirements. In the  event  that a 
vehicle  fails to  meet a particular  requirement  (eg:  FMVSS 214), a monetary  penalty  is  pre- 
scribed for  each  vehicle  manufactured,  together  with  recall  procedures  to  correct  faulty  compo- 
nents.  In practice,  if  NHTSA’s  tests reveal a failure,  they  usually  discuss it  with  the manufac- 
turer  and  may  inspect  his  records  of  tests on the  same  make and model. 

It may  be  that  the  existence  of  these  procedures lead vehicle  manufacturers to adopt  statistical 
based  control  testing  and  design  tolerance to ensure that  each  vehicle  tested  meets  the  standard. 
NHTSA  believe  that  the penalty for not  meeting a particular  standard is sufficient  to  ensure that 
most  manufacturers  will  comply. 

The  National  Highway  and  Traffic  Safety  Administration  (NHTSA)  first  started  research on 
dynamic  side  impact  testing  using  cadavers  to  determine  human  tolerance  levels,  injury  mecha- 
nisms,  and  parameters for dummy  measurement.  In  addition,  accident  data  was  assembled  and 
analysed  to  develop a moving  deformable  barrier  and  crash  configuration that simulated a 
severe  side  impact  crash.  These  long-term  programs  eventually  lead to the US standard 
legislated in 1990  for  introduction  in  1994  passenger  cars. 

Two  aspects  of FMVSS 214 seem  to  have  been  the  subject  of  most  criticism  of the US standard. 
First,  the  crabbed  configuration  and  the  type,  size, and stiffness  of  the  barrier  have  been the 
subject  of  much  criticism in Europe,  although  strangely  enough not from  within  the US it 
s,eems. The  Europeans  claim  that  it does not  represent  crashes  and  vehicles more  commonly 
found  on  the  continent and in  the U K .  Thus,  they  have  proposed an alternative  narrower  and 
slightly  thicker  barrier  with  variable  stiffness  honeycomb  construction  to  simulate  the  varying 
stiffness  of  an  impacting  vehicle and a  90deg  pure  perpendicular  test.  They claim that this will 
lead to  stronger  more  appropriate  structures  in  their  vehicle  fleet. 

More important,  though  are  the  claims  within  the US that  the  Side  Impact  Dummy (SID) and 
the  specified  injury  criteria are not an adequate  simulation  of  human  injury  (low  biofidelity). 
Lau and  Viano  (1988)  have  argued  that  the  use of the  Thoracic  Trauma  Index  (TTI)  which 
attempts to predict  the  probability  of  injury  based on rib and spine  accelerations  is  inappropri- 
ate.  They  maintain  from  a  series  of  cadaver  and  animal  tests  they  have  conducted  that a Viscous 
Criterion (V’C) based on the  relative  displacement of two  points on the  surface  of a struck 
dummy  more  accurately  represent  injury  risk.  This  led  to  the  development  of a third  side 
impact  dummy,  BIOSID, a development by General  Motors  research  laboratories  in  the US. 

This  conclusion  has also had  some  support  recently by Huang,  King and Cavanaugh  (1993). Of 
particular  relevance  is  their  finding  that soft honeycomb  padding  which  effectively  reduced 
injury to cadavers  in  side  impact  tests was predicted  well  by V’C but  poorly by peak  thoracic 
force (Cavanaugh  Zhu,  Huang and King  1993).  This  might  suggest  that  padding  which  satisfies 
SID’s requirements  is  not  necessarily  the  best  option  for  occupant  protection  in  side  impacts, a 
claim made by Viano  (1991)  following  tests  conducted of the  effects  of  different  armrest 
materials  and  loadings. 



It is understood  that  Transport  Canada is currently  undertaking  research  which  compares  the 
LJS FMVSS 214 and the  proposed  European  test  procedure  in  actual  crash  tests. It  is not clear 
whether  this  work  also  includes  relative  results of the  various  dummies We are  told  that  the 
work  by  Dalmotas  of  Transport Canada  is  almost  complete. 

NHTSA claim in their final regulatory  impact  analysis  for FMVSS 214 (Eppinger,  1993)  that 
TTI correlates  very  well  with  thoracic and abdominal AIS from  their  cadaver  test  results.  This 
is  to  be  expected as TTI is the best fit curve  from a series of cadaver  tests. It would  be  expected 
that as F W S S  214 vehicles  come into production  and  are  involved  in  road  crashes,  their  injury 
performance  relative to similar  non-compliant  vehicles  will  be the  subject  of  further research in 
the US and  elsewhere.  This  wlll  provide  the  ultimate  test of how effective FMVSS 214  has 
been in mitigating  injury in US vehicles. 

2.4.2 Developments  in  Side  Impact  Protection in Europe 

It is  claimed  that  the  European  side  impact  procedure  that  has  been  talked  about  over  the  last 
few  years  is  now essentially  complete. It aims to reduce  intrusion  and  to  offer  protection  to 
occupants by requiring  manufacturers to  meet certain side  impact  crash  perfornlance  criteria. 
In this  sense,  it is similar  in  nature  to  the US procedure  although it differs  substantially in  the 
criteria  adopted  for crash  configuration and moving  barrier  design. The  moving  barrier  in  the 
European  standard  is  perpendicular  rather  than crabbed and the  barrier  surface is thicker but 
narrower  In addition, the dummies are different (EUROSID versus SID) as is  the  requirement 
for them  to  be restrained.  Fildes and Vulcan (1989) outlined  the  full  range of differences in side 
impact  requirements  between ECE and NHTSA. 

We  have  been advised  that the  European 3tandard is  now  essentially  complete,  that the proce- 
dure has been tabled in Geneva, and is  set  for introduction in Europe  from 1 October  1995  using 
a full  scale  dynamic test. The  fmal resolution of the regulation and its  introduction  date  will  be 
considered at the  March 1994  meeting of WP29  in Geneva. One pessimistic  commentator  felt 
that  the  European  standard is still a long  way off  yet and not likely  to be implemented  until  the 
year 2000. 

2.4.3 Differences  Between the Two Side  Impact  Standards 

There  are  acknowledged  technical  differences  between  the two side  impact  standards,  although 
both  are intended to  simulate an intersections  crash.  Another  major  difference  between the two 
standards is the means by  which manufacturers  are  required  by the authorities to  prove  that  their 
vehicles  meet  these  standards. 

As noted  above, the US system is one of "se(f-crrr$curim '' where  it is assumed  that  manufac- 
turers'  vehicles meet these  standards  unless  crash  testing  by NHTSA on a representative 
production  vehicle  proves  othenvise.  hlonetary  penalties  can  be  prescribed and recall  action 
mandated if non-compliance is discovered The  Europeans, on the  other  hand,  administer a 
"type  approval"  system  where a vehicle  model is certified by the  authorities prior  to it being 
allowed on the  market  This  involves  prototype testing: witnessed  by the  approval  authority. 
The  various  vehicle  safety  regulations  that apply are a11 done  this way and an ''E' mark  is issued 
for  each  regulation  for  complying  vehicles.  Whole  vehicle  approval is the responsibility of 
each  country  using  the  presence of the various " E  marks  applyins to that  model as proof of 
compliance  to  all  ECE  regulations  One of the conditions of issuing an "E' mark is that a11 
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subsequent  production  vehicles  continue to meet  these  regulations.  Manufacturers  must  have  a 
system  in  place  to  ensure  that  this  is  the  case. 

A view  expressed  by  TRL  personnel was that  the US system  was  likely to be a more critical 
(thorough)  system  than  the  European  one.  First, it was argued  that  the US approach was likely 
to  ensure  a  slightly  higher  degree  of  intrusion  protection,  given  the very nature  of  the  approach 
(manufacturers  would need to build  in  some added strength  to  ensure  a  particular  test  vehicle 
was  unlikely to  fail).  Second,  the  fact  that at any  time,  NHTSA  could  undertake  a  test and then 
request the manufacturer’s own data if there  was  a  failure  was  felt  to  be  a  better  system of 
ensuring  on-going  quality  control of intrusion  protection. 

The  Australian  certification  system is more  akin  to  the  European  system in that test evidence is 
required to demonstrate  compliance  prior  to  gaining  approval to market  a  vehicle  model. FORS 
conduct  audit  of  the  tests  facilities to ensure  that  the  certification  tests  have  been  carried  out by 
experienced  personnel with correct  equipment. FORS also  conduct  audits of manufacturing 
facilities  to  ensure  that  quality  systems  are in place  to  ensure  production  vehicles  meet  the 
ADRs.  Areas  of  non-compliance  can  be  addressed  with  the  recall  provisions of the  Trade 
Practices  Act. These variations  ensure that many of the  criticisms that were  levelled  against  the 
European  system do not  apply  in  Australia. 

All  three  systems  are  aimed  at ensuring that production  vehicles  meet  the  requirements. As a 
result,  many  manufacturers  design to a  higher  level  that  the  legislative  requirement to ensure  a 
level  of  statistical  confidence  above that that might  apply to a  production  vehicle  on  any one 
particular  test. 

2.4.4 Vehicle  Manufacturers  Reaction 

Japanese  and  European  car  manufacturers  expect to have  to  comply  with  both  standards  when 
selling  their  vehicles to both  the  European  and  North  American  markets. It is  not  clear  whether 
they  will make separate  cars  for  each  market or simply  ensure  their  vehicles  meet  both  tests, 
although  the  latter  would  seem  more  likely.  These  manufacturers  are not particularly  keen  on 
the proposed  European  standard,  especially  since FMVSS 214 is now  in  place.  They  obviously 
feel it is too costly  to have to meet both standards  in  terms of having to crash  their  vehicles. 
Some  manufacturers  are  actively  promoting  the  quasi-static “Composite Test Procedure” 
(CTP) as  an alternative to crash  testing  cars  where they would  develop  models  from  car  tests 
that  could  be  used  to  demonstrate  satisfactory  performance  in a component  test  rig.  The 
sceptical  view  was  that  the  CTP  was  purely  a  delaying  tactic. 

2.4.5 CTP Test Program 

The  European  regulators  have  apparently  taken  the  position  of  agreeing  to  a  CTP  providing it 
produces  similar  results  to  the  proposed  full  test  procedure. To this  end,  there is a  program of 
research  under  way  in  Europe to compare  results  from  both.  This  has  both  manufacturing 
(ACER)  and  government  backing by TRL (UK), BAST  (Germany), TNO (Holland),  UTAC 
(France),  and  INTER  (Spain).  ECE  are  partially  funding  the  research  (presumably  with 
manufacturers  support)  and  UTAC in France  are  co-ordinating  the  exercise. 

The first phase of the  program  involved 3 crashes  (with  comparison CTP tests)  and  were 
scheduled to be  completed by September  1993. If successful,  a  further 6 full  crash  tests  were  to 
be conducted  over  the  course of 1994. 
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It is felt  that  either  way,  this  test  program  will  not  interfere  with  the  introduction  date  of  1 
October  1995  for  the full  scale  test  procedure.  To  the  regulators,  CTP  has  always  been  seen as 
an  alternative  means  of  demonstrating  compliance,  rather  than  a  stand  alone  requirement.  As 
noted above,  the  final  resolution of the  side impact regulation  for  Europe  will  be  considered at 
the  March  1994 meeting  of WP29 in Geneva. 

2.4.6  Australian  Situation 

The current  situation in Australia is that apart from  the  Holden  Commodore and the  Ford 
Falcon,  all  other  passenger cars sold in this  country  are also available in Europe  and/or the USA. 
It is  generally agreed world-wide  that  a  dynamic  side  impact  test  requirement  will  provide 
additional  tangible  reductions in road trauma beyond any  existing  standard  (such  as ADR 29) or 
no standard at all. Thus, it would  seem  reasonable to consider the benefits  of  developing ADR 
29 to include  a  dynamic  performance  test. 

One  approach  would be  to allow Australian vehicles to comply with either  the USA or 
European  standard.  Advice  from  FORS suggests that  the  local  industry  might  be  willing  to 
accept  such  an  approach  However,  whether  this  will  provide adequate protection  beyond the 
current ADR 29 still needs to be assessed and will be discussed in more  detail  below. 

2.5  COST-EFFECTIVENESS OF SIDE IMPACT  STANDARDS 

None of  the  people consulted were  aware of any research  either  conducted in the  past, current, 
or proposed  into the likely cost-effectiveness of  the  European  proposal.  They  noted  that  the US 
regulators  had  included a statement  of likely benefits when they put out  their notice of  rulemaking 
but believed that the  Europeans  were less inclined to  undertake a similar  exercise. A paper by 
Henry,  Thomas,  Faverjohn,  Tarriere, Got and Patel  (1989)  claimed  that  the  benefits  would  save 
4  percent of all  fatalities and 10 percent serious injuries in  side  impact  crashes,  although it is 
difficult  to  place  much  reliance on these  figures  without  a detailed appreciation of the  standard 
proposed  for  Europe. 

2.5.1 FMVSS  214  Costs  and  Benefits 

The National  Highway  Traffic Safety Administration  have  undertaken  a  detailed  analysis  of  the 
likely  benefits to be  achieved by FMVSS  214 and expected vehicle and test  costs. The analysis 
is detailed and complex and stops  short of providing  a  Benefit-Cost-Ratio 

BENEFZTS: NHTSA estimate  the  benefits  to  be gained by the  introduction of the  regulation in 
the US for projected  1995 accidents as: 

- 567  lives saved and 2: 113 AIS 3-5 non-fatal  injuries,  assuming some far-side  and non- 
compartment benefits and 100% fleet  compliance, or 

* 390 lives saved and 1,519 .US 3-5  non-fatal injuries,  assuming that  there  are no far-side 
benefits and no benefit  from  non-compartment  strikes. 

As stated  earlier, much of the basis for these  benefit calculations is based on the  biofidelity of 
SID and the criteria  specified  for  manufacturers  to  meet. Much of the  response  from  the 
manufacturers  to  these  estimates claim that  the  benefits  are over-estimated because  of NHTSAs 
assumed  effectiveness  range and the  type of padding  dictated by TTI.  Without real world 
comparative  crash  results, it is impossible to determine  whether  NHTSA's  benefits  are  likely to 
be realised  from  the  introduction of FMVSS 214. 
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COSTS: In terms  of costs, Tables  are  provided  of  llkely total costs, broken  down by type  of 
vehicle and front and rear  seat  occupant and including  lifetime  fuel  cost  penalties.  They  claim 
that  the cost  analysis is presented  for “illzrshcrtivep~rrposes only and is not intended to be used 
f o  estimute ayer  vehicle cost.” They do not make  estimates  of  marginal  costs for particular 
manufacturers and of  operating expenses, claiming  that  there is no single  formula  for allocating 
the  various  operating  expenses  including  profit  over a particular  vehicle  line on a per  vehicle 
basis.  This  seems to be  more a problem for the US than  Australia. 

2.5.2 Australian  Costs and Benefits 

What  the likely costs and benefits  would be  for introducing a side  impact  standard  in  Australia 
at this  time is  extremely  difficult  to  determine.  First,  there is little  consensus  about what  the 
likely  benefits  would be  for either FMVSS 214 (which  is at least  documented) and the  ECE 
proposal  (which is still not publicly  available).  Second, it is not clear what design  changes 
would be required on Australian  vehicles  to  meet  these  standards.  Finally, even assuming that 
the US experience  directly translates to Australia, it would  require an extremely  detailed 
exercise  at  least  as  extensive as that  undertaken in CRlOO to arrive at a unit cost  per  vehicle that 
would  be accurate and meaningful.  However, it should  be stressed that  there  is  considerable 
agreement  world-wide  that a dynamic  test  requirement  is  likely to produce  tangible  reductions 
in road  trauma 

2.6 VEHICLE DESIGN FACTORS 

The  relevant  engineering  features  of a vehicle  that  are  available for manipulation  are the  door 
stiffness,  vehicle  structure,  energy-absorptive  padding and the  spacing  between  occupant  and 
interior  door  surface. The conceptual solution is  considered by Daniel  (1989)  to be along  these 
lines; 

- reduce  the  door-to-occupant velocity to  the  extent  practicable by innovative  door,  door- 
beam,  door  frame and other  side  structure  design, 

* use the door  inner  space  to  the  extent practicable so that  the  visible ‘‘pad‘’ can be 
reasonably soft and not [so] excessively thick to reduce  package  space and cramp  the 
occupants or  force  the design  of a wider vehicle, 

- use visco-elastic  energy  absorbing material to the extent  practicable  that  replicates the 
body’s  ability  to  tolerate  loading (ie; more  compliant for low  velocity  impacts and less 
compliant  for  higher ones), and/or 

- less efficiently, use a constant  stiffness material (semi-triangular in load-deflection  pulse 
shape). 

Rouhana and Kroell (1989) note  that  discontinuity’s in  the  door  inner  surface  can  cause 
significant  injuries - cut-outs (map  pockets) are as important as protuberances (arm rests) as 
potential  contributors to  injury. 

2.6.1 Side Impact Padding 

Numerous  estimates have been  made of the  influence  of  spacing,  padding and door  stiffness, 
using  mathematical  simulations  with or without  experimental  validation.  Generally,  both 
padding and stiffness  have  been  considered in combination.  Viano  (1987)  found  that the crush 
force  needed to reduce  peak  biomechanical  response  varied  with  impact  velocity. Deng (1988) 



found,  with  simulations,  that  padding would reduce  occupant  acceleration  but  would  increase 
body  deformation,  indicating  that  padding  needs  to  be  accompanied  by  other  design  changes 
such as increased  stiffness.  Deng  (1989)  later  showed  the  importance  of  test  method, ‘ye.  
,flight”, ie,  pendulum  tests,  were  inappropriate  for sub-system tests of padding  materials. 

Bmbaker and  Tommassoni  (1983)  found that padding  alone did not  improve  the  thorax  re- 
sponse,  but  was  beneficial to the pelvis  Segal  (1983), on the basis of trials with two computer 
models,  found  that  door  interior  padding  was  beneficial across a  range  of body sizes.  Computer 
modelling  to  evaluate the effect of design  parameters has been  described  by  Trella,  Gabler, 
Kanianthra  and  Wagner  (1991) and the TTI was mapped in  terms of different  levels of struck 
car  stiffness  and  padding.  Other  simulation  models were reviewed  by  Langdon who concluded 
that  then  current  models  (1989) did not  provide a complete  substitute  for full  scale  impact tests. 

In car-to-car  oblique  crashes  simulated by Tommassoni  (1984)  most  benefit  came from  padding 
to  make  use  of  the  door interior,  but  extra  stiffness  was of some  benefit.  With regard to  stiffness 
alone,  Strother  et  al  (1981)  considered  an  increase  would  only  be of value if it  moderated  the 
contact  surface  velocity. A study  of  car  body  lateral  impact  characteristics  in  right  angle 
impacts at moderately  high  speed (12.5 m!s, 45 km/h) suggested  that  stiffer  door  structures 
might  actually  increase  dummy  acceleration,  but foam padding  might  decrease  thorax  and 
pelvic  acceleration  by 10%. The main  conclusion of Hardy and Sutburst  (1985)  was  the 
importance  of  compatibility  between  parts  in  modifying  the  vehicle’s  structure. 

The  relative effects of design  factors  were  investigated  by  Preuss  and  Wasko  (1987)  through 
side impacts  tests on 16 identical  cars  modified  to give two levels of spacing,  padding  and 
stiffness  The  significant variables were  found  to  be  padding and stiffness  which  reduced the 
dummy  response  by  30  and 7 TTI units  respectively,  compared with a  standard  deviation of 5 6 
TTI  units.  (Typical  TTIs in  sideways  tests  range  between  100 and 150 TTI units.) iiccording  to 
the  test  analyses, the  two variables can be evaluated separately The study  has  been  criticised  by 
Lau, and  Viano  (1988)  chiefly  on the grounds that the SID dummy  exaggerates the  effect  of 
padding. 

Cavanaugh, Zhu,  Huang and King (1993)  argued  that the  human  thorax is exquisitely  sensitive 
to  the  stiffness  of  the  padding in side  impact  contacts. NHTS.4 conducted  impact  tests on 28 
modified  production  cars  (Gabler,  Hackney & Hollowell,  1989)  and  found  a  variable  they 
called DEPTH  (door  effective  padding thickness) to be  highly  correlated  with  occupant  protec- 
tion as measured  by TTI.  DEPTH is, in effect; the  amount  the  occupant  crushes  the  door. 
DEPTH is, in turn,  correlated  with  external  door  crush at axle  height 

The practical  thickness of energy-absorbing  padding is an  important  variable.  Lane  width  is 
determined  by the dimensions of the largest  vehicles (trucks and buses) and  parking  bays  by 
large  cars. It may  be possible to bulge  the sides of small  and  medium  cars in the  passenger area: 
without alteration of track or occupant  position. so that  a  modest  increase  in  car  body  width 
could  provide a substantial  proportionate  in  space  available  for  padding  Consideration of this 
possibility  had not  been  encountered in the literature  reviewed. 

2.6.2 Side Airbag 

A side airbag  has been proposed  to  take the place of  paddins  in the chest  region. A bag could 
make  valuable  use  of  the  space  between occupant and interior  surface to provide “ride-down”, 
for  this is space  that  cannot,  practically,  be used for  energy-absorbing  padding  (Olsson  Skotte 
and Svendsson,  1989,  Warner,  Strother,  James,  Stuble and Egbert,  1989).  According  to  Olsson 
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et  al., an  eight litre  bag  would  reduce  the  TTI by 27%,  and  head  ejection by 80mm.  Haland  and 
Pipkorn  (1991)  showed  that,  in a side  impact,  an 8 litre  chest  air  bag,  which  behaves  like  “soft 
thick  padding”,  gave  lower  head,  neck  and  chest  loading  than  50mm  of  chest  padding.  They 
also  reported  that 75 mm  of  padding  opposite  the  pelvis  reduced  pelvic  loads.  According  to 
these  authors,  with  padding  and  an air bag,  both  the U S .  and  European  standards  could  be  met. 

A larger,  40  litre,  air  bag  deploying  from  the  armrest  and  extending  when  inflated  to  the  roof 
side  rail,  has  been  described by Kiuchi,  Ogata,  Warner  and  Gordon  (1991).  This bag should 
reduce  head  injury,  but  the  possibility of injury to  the  outboard arm of  the  driver  needs  further 
investigation. 

The  property  of  head  contact  surfaces  in  side  impacts  is a special  case of contact  with  interior 
surfaces  generally. (It should be noted  that  the  amended  FMVSS  does  not  specify  a  figure-of- 
merit  for  head  impacts in the  side  impact  test  procedure).  Willkie  and Monk ( 1  986)  investigat- 
ed  the  stiffness  of  narrow  surfaces,  pillars  and  roof  rails, by impacts  with  a  rigid  head-form  at 15 
mph. A number  of  car  models  were  used  as  test  specimens.  They  were  able to express  the  Head 
Injury  Criterion  (HIC)  in  terms of surface  stiffness:  HIC = 0.508  x k + 100, where  k  is  the 
stiffness in  lb/in. Attempts  to  develop  a  relation  with  the  Mean  Strain  Criterion  were  less 
successful. 

It appears  that  many  factors,  regardless  of  the  mathematical or physical  model  used,  interact to 
influence  the  effect  of  spacing,  padding  thickness  and  density,  and  door  stiffness  on  the 
probability  of  injury  to an impact-side  occupant.  In  these  circumstances,  there  can  scarcely  be 
an optimum  mix  of  door  design  factors  across  all  impacts. 

From  a  consideration  of  the  distributions  of  injury  and  speed  in  real  world  crashes.  Viano 
(1987)  suggests  that  reductions of up  to 30% in seriously  injured  occupants  may  be  possible 
with  a  low  stiffness  energy  absorbing  material  that  is  effective  in  low-speed  (deltaV=4-8  mis) 
crashes.  Low or high  stiffness  padding  was  ineffective  in  high-speed  crashes (deltaW10 m/s) .  

2.6.3 Side Impact Protection 

Volvo  Car  Corporation  recently  developed  and  introduced into their  new  passenger  car  design a 
Side  Impact  Protection  System  (SIPS)  to  offer  occupants  improved  protection in side  impact 
crashes.  The  SIPS  design  aims  to  limit  the  degree of intrusion of the  side  wall  on  the  struck  side 
and to keep  the  speed  of  this  intrusion  to a low  level. It achieves  this by installing  cross 
members  under  the  rear  seat  and  the  front  seat  to  help  spread  the  load.  In  addition,  the  B-pillar 
is  strengthened,  along  with  upgrading  the  roof  rail  and  strengthening  the  roof  cross  member. 
Lateral  tubes  were  placed  under  the  seat or in  the  seat to transfer  the  crash  energy  onto  the 
energy-absorbing  box  mounted  on  the  tunnel  between  the  two  front  seats. A schematic  view  of 
the SIPS  design is shown  in  Figure  2.5. 
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Volvo Car Corporation 

Figure 2.5 Volvo’s  scheme  for limiting side impact  intrusion 
(from Planath 1993). 

It is  not  totally  clear  how  effective  the  SIPS  system is at providing  increased  occupant 
protection  in  side  impacts. From internal  testing b!; Volvo.  Planath ( I  993)  claimed that SIPS 
would  reduce  the risk of pelvic and severe  to  fatal  chest  injuries in these  collisions  (presumably 
on  the near-side) by 25%. Moreover,  she  argued  that  this  reducrion  might be even  greater if 
very  large  blocks  of  padding  could be mounted on the  door panel. although  she  recognised that 
this could  interfere  with  compartment  roominess  and  occupant  comfort. It will be interesting to 
see  whether  these  claims  of  SIPS  effectiveness hold when  sufficient  real-world  crash  data is 
collected to permit  relative  assessments. 

2.7 SUMMARY OF SIDE IMPACT REVIEW 

In  summary, a  substantial  though not spectacular  reduction of injuries in side  collisions  would 
seem  possible  through  car  design,  although  there  are  still  a  number of unresolved  issues. Much 
information  has  been  collected but there are still  areas of disagreement  between  experts on  the 
critical  variables  or  their  derivatives to be used for  predicting injury  There are  two  well- 
developed  but  different  anthropomorphic test dunmies and different  impact  test  procedures. 
Some  concern  has  been  expressed  about  reliance  on  a  single  test  for  demonstrating  compliance 
with  whatever  standard is adopted. 

The  responsible  authorities  in  the U.S.4 and  Europe  have  decided  on two different  test  proce- 
dures  and dummies, that cannot  be  harmonised: but which  are not necessarily  incompatible  for 
compliance  purposes. It would  be  feasible to arrive at estimated  benefits  and  possibly costs for 
implementing  a  side  impact  standard  similar  to  either the US or proposed  European  standards. 
However.  the  available  data  on  the likely iljury savings  and  the  costs of ho\v manufacturers 
would  meet  these  standards is a  little  unclear at this  stage.  Given that a  dynamic  standard is 
likely  to  reduce  side  impact  trauma  in  road  crashes,  there is clearly  a  need  for  further imestiga- 
tions  on  the  advantages  of Australia  adopting  either or both  standards  before the year 2000. 
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3. CRASHED VEHICLE STUDY 

Detailed  and  reliable  information on impact  direction,  vehicle  damage and personal  injury to 
establish  causal  relationships  in  occupant  injuries is generally  not  available in mass crash ;njury 
data in this  country.  Thus,  it  was  necessary  to  undertake  a  prospective  study ofa  representative 
sample  of crashed  vehicles to provide causal information on the sources of injury to vehicle 
occupants  in  typical  on-road  crashes.  This  enabled  details on improvements in  vehicle design 
and  construction  to  be  identified so that  reductions  in the  frequency  and/or  severity of these 
injuries  could  be  achieved.  The  information  included details on the  type,  severity and location 
of all injuries  sustained  by the  vehicle  occupants  for  each  seating  position  and  type  of  vehicle. 

3.1 METHOD 

A method  was  developed for the detailed assessment of the  extent  of  occupant  injuries  and  the 
vehicle  damage  for a sample of passenger car crashes  that  occurred  in  urban and rural  Victoria 
after  the  1stApril  1989  where at least one of the  vehicle’s  occupants  were  either  hospitalised  or 
killed. As the  study  was  primarily concerned  with  secondary  safety  aspects of the vehicle’s 
crashworthiness  performance, in-depth analysis at-the-scene was  not  attempted.  The  method 
was  outlined  previously  in  the  earlier  frontal  crash  study  report (Tildes, Lane,  Lenard  and 
Vulcm 1991)  and is included  here  again  for  completeness. 

3.1.1 The Vehicle & Occupant  Population 

The  population  of crashed  vehicles  comprised post-1981 passenger  cars  and  their  derivatives 
(station  wagons,  panel  vans, etc) that were involved in a  road  crash  in  Victoria where  at  least 
one occupant  was  injured  severely  enough to require  admission  to (or treatment  in)  hospital. 
The  breakdown  of  the  sample revealed 3% of the  patients  required  medical  treatment  only, 82% 
were  admitted  for at least one night,  while 15% died  either at the  scene or later  in  hospital 
(details of cases where occupants died at-the-scene were kindly  provided  by the  Coroner’s 
office).  Previous  reports had demonstrated  that the cases collected in  this  study  using  this 
strategy  were  roughly  representative of all  serious  injury cases in Victoria  (Monash  University 
Accident  Research  Centre  1992). 

3.1.2 Procedure 

The  process was triggered  by  the  admission  of a suitable road crash  victim at one of a number  of 
Melbourne and  Metropolitan hospitals which  had agreed to  participate  in the  study.  Patients 
were screened  by a research  assistant (nurse) at each  hospital for  the  type of crash  and 
suitability  of  the  vehicle  These  patients  were  then  asked  whether  they were willing  to 
participate  in  the  study and signed an agreement  form.  Crash  and  patient  injury  details  were 
obtained  from  the patient’s medical record and from  details  obtained from  the  patient  during  an 
interview. In addition,  permission  was also sought  to  inspect  the  vehicle  involved in the crash. 
For cases where  the patient  was  severely  injured,  permission was  sought  from a member of the 
patient’s  family. 

The crashed  vehicle was subsequently  located and an inspection  crew was dispatched to make 
the necessary  measurements and photographs of  the  extent  of damage  (see  Attachment  1  for a 
full description of  the inspection  process). Where a  second  vehicle  was  involved, it was also 
tracked  down  and  briefly  examined to complete  the details  required  to  explain the  damage and 
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to calculate the  impact  velocity.  Each case  was  fully  documented  and  coded  into  a  computer 
database for  subsequent analysis. 

3.1.3 Calculation of Impact Velocity 

Impact speed in this study was defined as the change in velocity from the moment of impact  until  the 
study vehicle separated from its impacting source (delta-V). This value was calculated in this 
research using  the  CRASH 3 program made available by the National Highway Traffic Safety 
Administration. It should be noted that the delta-V values computed are best estimates of  impact 
velocity and  are  subject  to  some error from the assumptions and vehicle stiffness values used in 
making these calculations. In this study, American stiffness values had to be used in  the calculations 
of  delta-V  for  vehicles of the same sizes as the Australian vehicles as local figures  were not readily 
available. These errors could be reduced to some  degree if appropriate stiffness values  for Australian 
vehicles were  to  be provided by the local manufacturers. 

3.1.4 Selection  Criteria 

The  inclusiodexclusion criteria used  in the  study  for  determining  the  suitability  of a crash  are 
described  below.  Using  these  inclusiodexclusion  criteria,  roughly,  one in twenty-five  road 
trauma  attendances were  suitable  for inclusion  in  the study. 

VEHICLE SUZTABZZITY: Any car or derivative with a Victorian registration number that 
commenced with either a “B, C or D” or a personalised plate (this effectively included all vehicles 
first registered during 1982 or later).  Any vehicle subsequently found  to  be  reregistered or 
unsuitable was excluded from the study by the project team at  a later date. Four-wheel-drive 
vehicles of a standard car design (eg, Subaru models or Toyota Tercel) were included as suitable 
vehicles. However,  the usual high clearance four-wheel drive vehicle configuration was  not 
considered to be a passenger car derivative and  they were excluded from this study. 

CRASH SUITABILITY: It is  difficult  interpreting  occupant  protection  effects  for  vehicles 
involved  in  multiple  collisions  (ie  when  impacted by more  than one vehicle or object,  often  in 
different  crash  configurations).  This  is  because  of  the  problems that arise in  determining  which 
impact  caused which injury  from  which  contact  source.  Thus,  only  single  collisions were 
considered  eligible  here,  although  the  impacted  object  could have  been  either  another  car, a 
truck, or a movable or immovable  object  including  roll-overs. 

PATIENT SUITABILITY: Patient  suitability  consisted  of any vehicle  occupant  who  was 
admitted  to one  of  the participating  hospitals  from  a  suitable  vehicle or collision. The  patient 
had to be defined as a recent  road  accident  victim  (TAC, MCA or other  hospital  coding)  rather 
than a re-admission  from  a  previous  crash.  Patients  could  be  conscious  or  unconscious  and 
fatalities  and  patients  that  subsequently  died  in  hospital  were also included. As noted  earlier, 
details  of  fatalities where  the  patient died at  the  scene  were  kindly  provided  directly  by  the 
Coroner’s  Office  in  Melbourne. 

In most  cases it was  not possible  to  obtain  details on all  occupants  involved in the  collision. 
However,  where  the  condition and circumstances  of  other  injured  occupants  could be obtained, 
these  details were also  collected.  This  included  both  adults  and  children. While  occupants are 
required  by law  to  be belted in all vehicles, a number  of  them  nevertheless do not wear seat  belts 
in  cars.  Hence,  it  was  felt  legitimate  to  include  patients  in  the  crashed  vehicle  sample  who  were 
both  belted  and  unbelted so as not to  bias  the  study  and  overlook  another  set of problems for a 
subgroup  of  vehicle  occupants  most at risk. 
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3.1.5 Hospital  Participation  Rates 

Approval  to  approach and interview  patients  was  obtained  from  the  ethics  committees  offive 
major  trauma  hospitals  in  Victoria and included the Alfred Hospital (and Trauma Centre), Box 
Hill Hospital,  Dandenong  and  District  Hospital,  Monash  Medical  Centre,  and  the  Austin 
Hospital (Spinal  Unit). In addition,  another three private  hospitals to whom  road  trauma 
patients  from  Dandenong  were  transferred,  namely Knox Private,  Dandenong  Valley  Private, 
and  South  Eastern  District  Hospitals,  also kindly agreed  to  participate.  This  approvai was 
subject  to  obtaining  the  patient’s agreement  to  participate, as well as ensuring  confidentiality of 
this  information. 

On average,  100 patients were  admitted  each  week  across  the  five  study  hospitals  requiring 
treatment  from  vehicle  crashes.  After  applying  selection  criteria,  approximately  four  patients 
weekly  were  judged  suitable  for inclusion  in the study  (non-acceptable  patients  included 
pedestrians,  motorcyclists,  bicyclists,  and  non-eligible  vehicles).  Refusal  rates in  the  study 
were  extremely low (7  out of every  100  patients expressed a desire not  to participate). A 
reducing  road  toll  over  this  period  meant  that  more cases were  available at the  start  than at  the 
end, of the  study. 

3.1.6 Patient & Vehicle  Assessment 

The  assessment and classification of  injuries  sustained by road trauma  patients  (including 
injury  severity  judgements)  requires  specialised  medical  training and skills. Four  State  Regis- 
tered Nurses (SRN’s) were  employed  by hfUARC during  the  course  of  this  study as research 
assistants  to  undertake  these  duties  and were extensively  trained in  the  collection  of  injury  data 
for research  purposes and  in making  Abbreviated  Injury  Score (AIS) assessments of injury 
severity  (Ozanne-Smith  1989). A hospital pro forma was developed  to  provide a standardised 
format  for  the collection of the  patient’s  medical,  vehicle,  and  crash  information  which  was 
trialed  and  modified  prior  to  commencement of its use in the project  (see  Attachment  2). 

The detailed  assessment of the crashed  vehicles  was  a  critical  task  in  accurately  specifying 
vehicle  involvement in patient  injuries and has been  previously  undertaken in several  other 
centres  in  Australia and overseas.  Information  and  discussion  of  inspection  procedures  were 
undertaken  by  the  authors  during  overseas  visits (Fildes and Vulcan  1989)  and when  overseas 
and local experts  visited  MUARC  (eg,  Professor Murray Mackay,  Dr.  Bob  Campbell,  Professor 
Kenerely  Digges, and M r .  Tom Gibson). 

The National  Highway  Traffic & Safety  Administration (NHTSAj in Washington D.C. kindly 
provided  the  National  Accident  Sampling  System’s (N.4SS) crash  inspection  pro  forma (in- 
cluding  training and coding  manuals) as well as the  computer  software  CRASH3  for  computing 
Delta-V (see  Attachment 3). Figure 3.1 shows the  NASS  vehicle pro forma for coding  impact 
direction  and  vehicle  region. A mechanical  engineer  was  employed  to  undertake  this  task and 
given  the  necessary  training  in  undertaking these inspections  (details on the inspection  proce- 
dure used are described  in  Attachment 1). 

When  these  site data were  complete,  Delta-V  impact velocity calculations wereundertaken and 
the injury  and  vehicle  damage  information  was coded into a  computer  database  for  subsequent 
analysis. The reliability of  the  engineer’sjudgements at assessing  injury  and  vehicle  component 
interactions  was  compared  with  judgements  made by the  project’s  consultant  epidemiologist, 
Dr. J. C. Lane,  and Mr. Tom Gibson of  the Y.S.W. Road and Traffic  Authority. The inter-rater 
reliability  assessment  was  70%  for  these  judges. 
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3.1.7 Coding  Injuries & Contacts 

ZNJURZES: The National  Accident  Sampling  System  occupant  injury  classification  system 
includes 20 separate  body  region  injury  codes. To simplify  presentation  of  the  results  (espe- 
cially  given  the  small  patient  numbers)  these  were  subsequently  grouped  into  a  number  of 
discrete  body  regions  to  simplify  the  analysis  and  yet  still  permit  meaningful  comparisons to  be 
made. 

For side  impacts, there  were seven body  region  injury  categories  assigned  for  analysis,  namely 
the  head,  face,  chest,  abdomen  and  pelvis,  spine,  upper  extremity,  and  lower  extremity. 

INJURY CONTACT SOURCES: The NASS injury  source  classification  further  allows for 
scoring 82 specific  vehicle  components as points of contact.  Again, to simplify  presentation of 
the  results for this  limited  number  of  cases,  these  were  grouped  into  a  limited  number  of 
meaningful  categories. 

For side  impacts,  there  were eighteen vehicle  regions,  comprising  the  front  windscreen  and 
header,  steering  assembly,  instrument  panel,  console, A, B  and  C  pillars,  roof,  roof  side  rail, 
door  panel,  side  windows, floor and  toe  pan,  rear  windscreen  and  header,  seats,  seat  belts,  other 
occupants,  exterior  contacts,  and  other/unknown. Some  of these categories  were  expanded 
further  when  analysing by near  and  far  side  crashes.  Steering  assembly  included the steering 
wheel and column, floor and  toe  pan  included  the  pedals  in the front,  while the  instrument panel 
comprised  both  upper  and  lower  sections. 

A  further  aspect of the  injury  which  was coded was  whether it was direct (caused by direct 
contact with  a  specific  vehicle  component) or indirect (resulting  from  injury  to  another  im- 
pacted  body  region).  Examples  of  indirect  injury  include: 

- transient loss of  consciousness  from  severe  chest  injuries  caused by contact  with the  door 
panel; 

* abdominal/pelvic  injuries  caused by relayed  forces  from  the  lower  limbs  contacting  the 
steering  assembly or instrument  panel. 

3.2 VARIABLES & ANALYSES OF THESE  DATA 

A number  of  independent  variables  were  of  particular  interest  in  the  crashed  vehicle  study. 
These  included  patient  characteristics,  injuries  sustained  (including AIS severity),  vehicle 
damage  and  extent  of  deformation,  direction  of  principal  force,  severity  of  impact  (delta-V), 
component  and  equipment  failures,  cabin  distortion  and  intrusions,  use  of  restraints,  and an 
assessment  of the  source  of all injuries. The  use  of  the  restraint  was  especially  relevant in this 
study as the  inspection method  used  has  been  shown to be the  only  objective  and  accurate 
means  of  making  these  assessments  (Cromark,  Schneider & Blaisdell 1990). 

The  dependent  variables  comprised  crash and injury  involvement  rates  per 100 vehicles or 
patients  relative to  the  population of crashes  investigated in the  follow-up  study of crashed 
vehicles.  Interactions  between  injury and vehicle  source  were  especially  important  compari- 
sons in  this  study.  Presentation of the  results  was  confmed  to  reporting  percentage  differences 
in  involvement  and  rank  ordering of involvement  rates for injuries  per  body  region  and  vehicle 
components. 
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Figure 3.1 National Accident Sampling System  pro  forma for  coding vehicle 
impact  location  and  direction. 



3.2.1 Overall Results 

The  final  data  base  comprised  details  on 501 vehicles  involving  606  patients from crashes that 
occurred in  Victoria between  the 1st April  1989  and  the  31st  July  1992,  comprising  69% 
metropolitan  and 3 1% rural  crashes.  The  crashed  vehicle  database  contains  information on 572 
variables  for  each  crash  investigated 

Analysis  of  the  crash  configurations  on  the  data  base  showed  that  frontal  crashes  accounted for 
56% of all crashed  vehicles  inspected,  side  impact 41%, roll-overs 3%, and  there  were  no  rear- 
end  collisions  included  in  the  sample.  While  the  proportion  of  frontal  collisions  was  slightly 
less to that reported  among  TAC  claims for  the  same  period  (56% cf 65%,  Fildes  et a1 1991), 
there  were  differences in the  proportions  of  side  impact  (41% cf 14%), rear  end (0% cf. 1 l%), 
and  roll-overs (3% cf.  10%).  Given  the  focus  of  this  report,  the  analysis  to  follow will 
concentrate  entirely on results  of  side  impact  collisions  (readers  interested  in  frontal  crashes 
should  refer to the  earlier  report  by  Fildes  et al 1991). 

TABLE 3.1 POPULATION  CHARACTERISTICS OF THE SIDE IMPACT 
CRASHES IN THE CRASHED VEHICLE FILE (N=198 crashes) 
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3.3 SIDE IMPACT CRASHES 

Details  were  available  on  198  side  impact  crashes  involving  234  injured  occupants.  The 
population  characteristics of  the  side  impact  sample  are  shown  in  Table  3.1.  These findings are 
described below. Fildes et a1 (1991)  reported that side  impacts  were involved  in 14% of TAC 
injury claims from  1983  until  1988,  yet  they  accounted  for  41% of the  patient  population 
observed  here. 

This  clearly  illustrates  how  relatively  severe  these crashes are compared  to  other  crash  configu- 
rations  and the greater  likelihood of serious  injury to occupants  involved in side  impact 
collisions. 

3.3.1 Impact Velocity 

Themean estimated delta-Vvaluewas  35.3km/hwitha standard  deviation of  15.6km/h.  Figure 
3.2  shows  the distribution of  impact  velocity  change  observed  in  the  sample  of  side  impact 
crashes. The modal  value  was  between  25 and  3Okm/h with a range of impact  speeds  from 8 to 
113km/h. 

Eighty  nine  percent  of  side  impact delta-Vs were  equal to or  below 54 h / h ,  while  36%  were 
equal  to  or  below 27 km/h, the  approximate  value  for  the US design  standard  for  side  impacts 
FMVSS 214,  corresponding  to a perpendicular  impact  velocity of 4 8 h / h  (54kmih  for a 27deg 
crabbed  configuration)  and  two  vehicles  of  equal  mass 
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Figure 3.2 Frequency  histogram o f  side impact velocity  change (delta-L3 
observed in the sample of  198 side impacted  vehicles. 

3.3.2 Type of Vehicle 

Four  percent  of  the crashed  vehicles were  mini-cars (<7ZOkz)), 28% were  small (<lOOOkg), 44% 
compacts  (1001-1250kg), 23% intermediates (1251-l500kg), and 1% large cars (>15OOkg). 
Table  3.2  lists  the  various makes and models  of  vehicles  that  were  examined  in  this  study. 
Unfortunately,  there are no accurate  figures  available on the  proportions  of  vehicle  models in 
the  current  vehicle  population in Victoria  nor  their  relative  exposure to gauge  relative  involve- 
ment rates.  Forty four  percent of the vehicles had  manual  transmissions while  the  rest  were 

PASSENGER CARS AND OCCUPANT INJURY: SIDE IMPACT CRASHES 27 



automatics.  Front-wheel-drive  transmission  was  observed  in 45% of  the  vehicles,  rear-wheel 
drive  in 52% and  four-wheel  drive in 3%. 

Most  occupants  admitted to hospital  were  seated  in  bucket  seats (84%). Seat  failures  occurred 
in 26% of all cases, where structural  intrusions  including floor pan  deformations  and  impacts 
with  other  objects  (vehicle  structures  or  impacting  object)  accounted  for  most  of  these  failures. 
Adjustable  head  restraints  were  twice  as  common as integral  restraints  in  the front seat,  but 
equally as likely to fail  in  side  impact crashes. 

3.3.3 Patient  Characteristics 

Sixty  percent  of  patients  were  drivers, 27% were front-left seat occupants, while 13% were rear 
seat occupants.  The  sample  comprises 48% males  and 52% females  which  is  roughly  equiva- 
lent to population  ratios.  Five  percent  of  the  patients  were  aged  under 17 years, 26% were 
between 17 and 25 years, 44% were 26 to 55 years  old, 19% were 56 to 75 years, and 6% were 
over 75 years. 

In contrast to the frontal  crash findings, those aged 17 to 25 years were  not markedly  over- 
represented as patients  in  side  impact  collisions,  compared  with  both  population  and  license 
holder  proportions in Victoria.  However,  those aged over 75 years  were two times  over- 
represented  compared to population  figures  showing a greater  likelihood  of  injury  to these 
people due to their  frailty if involved in a crash. 

Sixty  two  percent  of the injured  occupants  were  seated on the Near side of  the  vehicle (on the 
same  side as that  impacted)  and 38% were  on  the Far side (opposite  side  of  the  car).  This 
findings  was  expected  for an injured  population  in  that  those  seated  near  the  impacted  region 
are much  more  likely  to  be  injured  than  those  seated  further  away.  However,  the  fact  that 
roughly  one-third far  side occupants are still  being  injured in these  collisions is somewhat 
alarming. 

3.3.4 Seatbelt  Wearing 

Eighty  four  percent  of all injured  occupants wore seat  belts  at  the time of their  collision,  This 
varied from 88% for drivers, 86% for  front-left passengers, and 54% for  rear  seat  occupants. 
The  relative  difference in wearing  rates  between  the  front and rear  seating  positions is consist- 
ent  with differences  reported  from  exposure  studies  in  Melbourne  during  1988 (94% front  seat 
and 66% rear seat; Vic  Roads  1990).However,  the  lower  wearing rate observed  among  the 
injured  occupants in this  study (87% cf. 94% in the  front and 54% cf 66% in  the  rear) 
demonstrates  again  that  seat  belts  reduce  serious  injuries to vehicle  occupants  even  in  side 
impact  crashes  (it  may also reflect  a  tendency for  those  not  wearing  belts to be  more  involved  in 
side  impact  crashes). 

Almost  all  belts  inspected  were  retractable.  Seat  belt  wearing  behaviour  was  accurately 
reported  by 87% of  the  occupants  interviewed. Of those who  gave a different  version  to that 
observed  during  the  inspection,  almost  all  claimed  to be wearing  belts  when, in fact,  there  was 
no  physical  evidence  of  the  belt  having  been  loaded  during  the  crash. 

3.3.5 Configuration of Side Impacts 

The impacted  region for passenger  cars  involved  in  side  collisions were analysed  in  terms ofthe 
impact  zone  relative to the  passenger  compartment  and  angle  of  impact  and  the  results are 

28 CHAPTER 3 - CRASHED VEHICLE STUDY 



TABLE 3.2 LIST OF THE TYPE OF SIDE IMPACT VEHICLES ON THE 
CRASHED VEHICLE FILE (n=198) 

VEHICLE MAKEMODEL NUMBER PERCENT MASS 

Holden  CommodoreiCalais 
Ford  FalconEairmont 
Ford LaserMeteorfMazda  323 
Toyota Corolla 
Mitsubishi Sigma 
Toyota Corona/Camry/Apollo 
Ni,ssan  PulsadHolden Astra 
Mazda  626/Ford  Telstar 
Holden Camira 
Nissan  Pintara 
Nissan  Bluebird 
Holden  Barina 
Mitsubish Magna 
Toyota Celica 
Nissan  Skyline 
Daihatsu  Charade 
Honda  Prelude 
Subaru DL 18 
Mitsubishi Colt 
Honda  Civic 
Mazda  929 
Mitsubishi Cordia 
Hyundai  Excel 
Suzuki Hatch 
Suzuki  Alto 
Suzuki Swift 
Mazda  RX7 
Nissan  Stanza 
Rover 41 6i 
Alfa Alfetta 
Honda Accord 
Subaru GL5 
SubaruLiberty 
Subaru TWA 
BMW 3 18i 
Nissan  Gazelle 
Porsche 944 
Saab 900 

30 
21 
1s 
13 
10 
10 
9 
9 
S 
7 
6 
5 
4 
4 
3 
3 - 
J 

3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

15.2 
10.7 
9.1 
6.6 
5.1 
5.1 
4.6 
4.6 
4.1 
3.6 
3.0 
2.5 
2.0 
2.0 
1.5 
1.5 
1.5 
1 5  
1 .0 
1 .0 
1 .o 
1 .0 
1 0  
1.0 
1 .0 
1.0 
1 .o 
1.0 
0.5 
0.5 
0.5 
0.5 
0 5  
0.5 
0.5 
0.5 
0.5 
0.5 

1215-1367kg 
1333-2190kg 
SZO-995kg 

1095-1250kg 

890-936kg 

1021-1122kg 
1150-1287kg 
1080-1200kg 
7 1 Okg 
1193-1265kg 
1150-1  165kg 
1215-1250kg 
675-710kg 
985-995kg 
1075-1080kg 
9 11 -940kg 
825-920kg 
1135-1280kg 
1000-103Okg 
950kg 

550-700kg 
790kg 
1095kg 

1055kg 
1  140kg 

970kg 
1147kg 
1105kg 
1425kg 
1100-1120kg 
11 80kg 
1185-l315kg 

910-970kg 

1060-1  150kg 

1003-1155kg 

680-730kg 

955-960kg 

977-992kg 

Ford LTD 1 0.5 1697kg 

Nute: A srrn~maly of each ojfhese cases is m,ailnble irr rhe srppienrentaly volrmle io lhis repori 
(F.O.R.S. Report No. CR 134A). 
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shown  in  Figure  3.3.  Pure  compartment  impacts  were  defined as those  where  the  bullet  vehicle 
impacted  only the cabin  (section P on  the NASS diagram  described in Figure  3. l),  while  pure 
non-compartment  impacts  were  those  where  the impact  zone  was  either  the front or rear  of  the 
vehicle  (sections  F  or B). 

Compartment  involvement  comprised  all  other  side  impact  regions  (sections D, Y or Z). Angle 
of  impact  was  either  perpendicular  (clock-face  3 or 9) or oblique  (clock-face 1,2,4,  5,7,  8, 10, 
or 11).  The results in  Figure  3.2  show  that  the passenger  compartment was fully or partially 
impacted  in 90 percent  of  side  impacts  where  occupants  were  injured and that  impact  direction 
was  evenly  divided between perpendicular and oblique  impacts. 

50 % 

50 % 

c 

OBLIQUE IMPACT 
1 , 2 , 4 , 5 ,  7, 8, 10 or 11 

PER PEP ULAR IMPACT 
1 o r 9  

COMPARTMENT 
INVOLVEMENT 

Section D, Y ,  or 2 

* * * 
58 % 

10 % 

4 
PURE NON-COMPARTMENT 

Section F o r  B 

4 PURE COMPARTMENT 
Section P 

32 % 

Figure 3.3 Analysis of  the  various side impacted  regions o f  the vehicles 
observed in the sample of crashed  vehicles  inspected to date. 
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3.3.6 Intrusions and Deformations 

Table 3.3 lists the rank  ordering  of  component  intrusions into the  front and rear  seat  occupant 
areas for  the  sample of side  impact  crashes,  where  intrusion is again  defined in relation  to  the 
space  inside  the  vehicle  likely to be occupied by passengers.  Most  noticeably, front  seat 
intrusions were considerably more common  than  rear  seat  intrusions  for this population  of 
crashes (3.0 cf. 1.5 intrusions  per  side  crash). It should be borne in mind,  however, that  this is 
partly  a  function o f  the  lack of exposure of rear  seat  occupants in vehicles and the fact  that 
someone had to be injured for the  vehicle  to  have  been  included in  the study. 

TABLE 3.3 R A N K  ORDERING OF VEHICLE DAMAGE  INTRUSIONS AND 
DEFORMATIONS FROM SIDE IMPACTS BY  FRONT  AND  REAR 
SEATING  POSITIONS (198 vehicles) 

FRONT  SEAT DEFORMATION REAR SEAT DEFORMATION 
ITEM FREQ (%I ITEM FmQ f“?) 

Door  panel 177 (89%) Door panel  150 (76%) 
B-pillar 119 (60%) B-pillar 31 (16%) 
A-piliar 90 (45%) Roof 29 (15%) 
Side panel 61 (31%) Roof  side  rail  25 (13%) 
Steering assy 58 (30%) C-pillar  22 (11%) 
Roof  side  rail 39 (20%) Front seat  12 (6%) 
Roof 28 (14%) Side  panel 10 (5%) 
Toe pan 23 (12%) ~ R’screenheader  2 ~ ( 1%) 
Instrument  panel 17 ( 9%) Floor pan 1 (1%) 
Wscreedheader 8 ( 4%) A-pillar 1 (1%) 
Front  seat 6 (3%) Window  frame  1 (1%) 
Console 6 ( 3%) Rear  seat 1 (1%) 
Floor pan 2 (1%) Other  6 ( 3%) 
Window  frame 1 ( 1%) 
Other 3 ( 2%) 

Totals 584  (295%)  291 (147%) 

STEERING ASSY MOVEMENTS BY DIRECTION OF DISPLACEMENT 

Lateral 58 (29%) 
Longitudinal 17 ( 9%) 
Vertical 39 (ZOO?) 

NB: Steering assembly intrusions in the  top part of ihe  Table  refer to cases where  there uas 
movement in either a longitudinal, lateral, or verticalplane (movements in more than oneplane 
were only scored as  a single movemenl). The breakdown of intrusions into the iotainumbers of 
individual plane movements for all crashes is detailed in ihe lower part of the  Table. 

For  both front and rear seat  intrusions,  the  door  panel  was  the most common  area of deforma- 
tion or intrusion,  occurring  in 89% and 76% of all crashes,  respectively.  B-pillar (60%) and A- 
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pillar (45%) were  the next  most  frequent  intrusion  mechanism  in  the front  seat,  followed  by  the 
side  panel (3 l%),  steering assembly (30%), roof  side  rail (20%), roof  (14%)  and toe pan (12%). 
After the door  panel,  the  most  frequent rear seat  intrusions  comprised the B-pillar (16%), roof 
(15%), roof  side  rail (13%) and the  C-pillar  (11%).  Steering  assembly  intrusions were again 
quite  apparent  in  these  crashes (30%). Displacement  direction  was  more  often  lateral (29%) or 
vertical (20%), rather  than  longitudinal (9%). 

3.3.7 Ejections and Entrapments 

The  number  of  occupants  entrapped in their  vehicles  during  side  impact  crashes  is  shown in 
Tables 3.4. There  were  fewer  entrapment  cases for non-wearers  of seat belts  than for  wearers 
(14%  cf. 39%). Ejection  rates,  shown  in Table 3.5 were as expected;  belt  wearers  had fewer 
ejections  than  non-wearers (2% cf. 38%). However,  while  ejections  were high  among  non- 
wearers as expected (38%), there  were a few  cases also among  belted  occupants (2%). Clearly, 
there are still  some  cases  (albeit  only  minimal)  where  current  seat  belt  designs  fail  to  prevent 
ejections in side  impact  collisions. 

TABLE 3.4 ENTRAPMENT  ANALYSIS  FOR  BELTED  AND  UNBELTED 
OCCUPANTS INVOLVED IN SIDE IMPACT CRASHES (n=234 
patients) 

ENTRAPMENTS  BELTED UNBELTED 
F m Q  (“A) FREQ P/.> 

No entrapment 82 (6 1 Yo) 25 (86%) 
Full  entrapment 8 ( 6%) 1 ( 3 % )  
Partial entrapment 44 (33%) 3 (1 1%) 
Total 134 (too%) 29 (100%) 

NB: The total number of cases of entrapnzent  and no entrapment falls  far short of the iofal 
number ofpatients (I63 cf23.l) due to the  dlsficul@ in assigning  entrapment status retrospec- 
tively. 

TABLE 3.5 EJECTION ANALYSIS  FOR  BELTED  AND  UNBELTED 
OCCUPANTS INVOLVED IN SIDE IMPACT CRASHES (n=234 
patients) 

EJECTIONS  BELTED  UNBELTED 
F E Q  (X) FREQ w >  

No ejection 172 (98%) 21 (62%) 
Occupant  ejected 4 ( 2%) 13 (38%) 
Total 176 (100%) 34 (100%) 

NB: Ejections were drsficult to determine usingfollow-up procedures Where  ambulance and 
medical  records  or  eye  witness accounfs noted  that  the  occupant  had been &fly or partially 
ejecfedfrom the  vehicle  during  the  crash  and  remained  that wuypost-crash, these  were  coded 
as ejections. Cases where parts of the  occupant  may  have  been  transiently  thrown out of  the 
vehicle during the  crash  sequence  but  suhsequently  came to rest  inside  the  vehicle  were  treated 
as non-ejected in this analysis. 
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3.4 INJURES IN SIDE IMPACT CRASHES 

The  study  was especially  interested  in the types of injuries  and  their  sources of injury  inside the 
vehicle. In addition,  analysing the injury  and  contact  source  combinations  provides  a  means of 
identifying  particular  components  inside  the  vehicle  that  are  a  major  causes of injury  to 
occupants  in  these  crashes  requiring  intervention  effort 

3.4.1 Body Regions Injured 

Table  3.6  shows  that  drivers sustained  marginally  more  injuries on average  than  other  occu- 
pants (5.0 cf. 4.9  for FLP and 4.6  for  rear).  However,  there  was practically  no  difference in 
injury  severity  across  the  various  seating  positions  either in terms  of the average  Injury  Severity 
Score (ISS) or  the probability of serious  injury  by ISS or XIS level. Of particular  note, 
however,  the  average ISS was  considerably  higher  for  side  impacts  than  front  impacts (30 4 cf 
17.2) and the  proportion of killed to hospitalised  occupants  was  also  markedly  higher  for side 
collisions  (21% cf.  11%) illustrating just  how  severe  occupant injuries  are  in  this  crash 
configuration. 

For all  injuries  to drivers, the  most  frequent body regions injured for all collisions  were the  head 
(70%), abdomen  and  pelvis  (70%),  and  upper  extremity  (67%).  For  severe  injuries (.4IS>2) to 
drivers, the  most  frequent  body regions injured were  the chest (29%), head (26%),  abdomen  and 
pelvis  (16%)  and  lower  limbs  (12%). 

For front-le@ pnssengers, the  most  frequent body regions  injured were  the  chest (77%), 
abdomen  and  pelvis (76%), and the head (65%), while  for  severe injuries, the order  included the 
chest (39%), head  (24%),  abdomen and pelvis (18%), and  spine and neck (15%). 

For rear seatpassengers, the  most  frequent body regions injured  comprised the  upper  extremi- 
ties (68%), face (65%),  chest  (58%)>  and head (52%), while  for  severe  injuries  only,  the  most 
frequent  body region  injured were the chest  (32%),  abdomen and pelvis (19%), and  upper 
extremity (16%) and the  head (13%). There  were  practically no severe  injuries  to  the  face, 
lower  limbs or spine or  neck in this  rear  seating  position. 

In addition, Table  3.7  fulther shows the  incidence of injury  and the  probability of serious  injury 
(Abbreviated Injury  Score  AIS>2,  Injury Severity  Score ISS>15, or ISS>25) by seating posi- 
tion in the  vehicle. As noted above, there  were  very  few  discernible  differences  either  in  the 
average  Injury Severity  Score (ISS) or the probability of severe inpry suggesting  that  there is 
no seating  position  that is particularly  safe for vehicle  occupants  involved in side  impact 
collisions. 

3.4.2 Sources of Injury 

Table  3.8  shows  that  the outstanding  source of injury  for drivers in side impacts  was the  door 
panel (71%  oftotal and 28%  severe  injuries).  Beyond that, seat belts (35%) and the  instrument 
panel  (34%)  were  also  prominent  contact  points in this  crash  configuration. n’hile  exterior 
contacts  were involved in 23% of total  occupant  injuries, they were a  particularly  noteworthy 
source  of  severe injury to drivers  (1 1%). 

This  pattern  was  also  fairly  consistent  for front-left  passengers and renr seat passengers. 
However,  in  the rear, there  was a relative  increase in the  number of exterior  and window and 
frame contacts,  probably  because of the higher  non-wearing  rates  of  seat belts in  this  seating 



position.  The  front  left  passenger  was  also  disproportionately  involved  in  severe  injury  from 
contact  with  other  occupants,  but  this,  too, may simply  reflect  the  fact  that these people  always 
have  another  occupant  (the  driver) to contact,  whereas  drivers and rear  seat  passengers are less 
likely to have other occupants  to  contact in these  crashes. 

Seat  belts are  thought  to be primarily  a  frontal  crash  countermeasure,  although  the  results 
obtained  here  suggest  that  they may still  have  some  protective  benefit  in  side  crashes as well, as 
noted  earlier  in  the  literature  review. Of some concern,  though, is the  amount  of  injury  caused 
by the  seat  belt  in  these  lateral  crashes,  although, as seen  in  Table  3.9,  these  injuries do tend  to 
be minor  ones. 

TABLE 3.6 BODY REGION INJURED  FOR ALL COLLISIONS 

BODY REGION DRIVERS(II=I~I) FRONTLEFT(n=62) KEAR(n=3 1) 

Head ,70% (26%) '65%  (24%) 52% (13%) 
Face ,60% ( 1%) 48% ( 0%) 65% ( 0%) 
Chest '67% (29%) 77% (39%) 58%  (32%) 
Abdomen & pelvis 70% (16%) 76% { 18%) 48% (19%) 
Upper  extremity 67% ( 5%) 47% ( 3%) 68%  (16%) 
Lower extremity 54%<1.2%) , 48% ( 6%) 45% ( 3%) 
Spine & neck ,26% ( 4%) 26% (15%) 32% (3%) 
Averagematient 5.0 (1.9) 4.9 (2.0) 4.6 (1.8) 

Figures for  ALL injuries refers to the  percentage  of  occupants  who had at least I injury in that 
particular body region (of any level of severity).  Figures in parenthesis show  the percentages 
for serious  injuries  only (AIS>2). Averages per patient show  the  mean  number  of total body 
regions  injured and the mean number  of  serious  body  regions  injured recordedperpatient. 

INJURED ALL (AIS>2) ' ALL (AIS>2) ALL fAIS>2) 

TABLE 3.7 SEATING  POSITION  BY LEVEL AND PROBABILITY OF  A 
SERIOUS INJURY 

SEATING OCCUPANTS AV. ISS' PROSABHJTY OF SERIOUS  INJURY 
POSITION AIs>2 1 SS>15 ISS25 

Driver 141 29.6 0.76 0.70 0.48 
Front-left 62 30.1 0.77 0.69 0.35,  
Rear 31 34.5 0.74 0.41 0.42 
Total (Averages) 234 (30.4) (6.76) (0.69) (0.44) 

* Injury Sever@ Score (IS8 is a generally  accepted  measure  of  overall  severity  of injuryfrom 
road  trauma  (Baker  et a1 1974). It  is calculated by summing  the  squares  of  the 3 highest 
Abbreviated Injury Scores (AIS) recorded for each  of 3 body  regions  injured. 
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TABLE 3.8 POINTS OF CONTACT FOR ALL SIDE IMPACT COLLISIONS 

POINTS OF 
CONTACT 

Front screen & header 2% ( 1%) 3% (0%) 0% ( 0%) 
Steering  assembly 14% (4%) 2% ( 0%) 0% (0%) 
Instrument panel 34% (4%) 26% (2%) 3% ( 3%) 
Console 6% ( 1%) 3% (0%) 0% (0%) 
Window & frame 19% ( 1%) 23% ( 0%) 22%  (~3%) 
A-pillars 5% ( 1%) 6% ( 2%) 0% ( 0%) 
3-pillar 6% ( 3%) 15% (0%) 3% (0%) 
C-pillar 1% (OO/o) 0% (0%) 3% (0%) 
Roof  side  rail 1% (0%) 2% ( 0%) 3% ( 3 % )  
Roof  surface 6% ( 4%) 2% ( 0%) 3% ( 3 % )  
Door panel 71% (28%) 84% (34%) 55% (23%) 
Floor & toe  pan 11% (2%) 8% ( 3%) 3% ( 0%) 
Rear  screen & header 1% ( 0%) 0% ( 0%) 3% ( 0%) 
Seats 3% ( 0%) 3% (0%) 10% (0%) 
Seat belts 35% (3%) 35% (3%) 16% (0%) 
Other  occupants 10% ( 3 % )  16%(11%) 3%(3%) 
Exterior contacts 23% (1 1%) 24% (10%) 39%  (3%) 
Otheriunknown 38% (1%) 3 1% (10%) 26% ( 0%) 
AveragOatient 3.8 (1.7) 3.8 (1.7) 2.9 (1.4) 

Figures for ALL confacts refer io the mmber of casesper IO0 occrrpnnis where contact was 
made  with  that  particzdar  vehicle component. Figures i n  pnrenthesis show ihe n~rmber for 
severe  injuries ( A I D Z j .  

3.4.3 Injuries by Seating Position 

The injury  by  source  of  injury  analysis for  side impact  crashes by seating  position is presented 
in  Tables  3.9  to  3.17.  Multiple  scoring of injuries and points of  contact for each occupant  was 
allowed,  providing  they  were  unique  injury-source  combinations,  to ensure all  noteworthy 
injuries and contact  sources  were  included.  Results of the injury/source  analyses  will be 
reported by the  three  main seating  positions  (drivers,  front-left passengers and rear-seat passen- 
gers) and by  restraint use (belted and unbelted). 

DRIVERS Table  3.9 shows that for all injuries to drivers,  the  most  frequent  body  regions 
injured in side  impacts were  the  upper extremities,  abdomen-pelvis, chest, head, and lower 
limbs,  while for severe injuries (AIS>2), the most  frequent body regions injured were  the chest, 
head,  abdomen-pelvis, and lower limbs. The most  common  contact  point  was  the door panel, 
although  the seat belts, exterior  objects,  the  instrument panel, and side  windows were also 
noteworthy.  The  most  common  injurylsource  contacts  for  drivers in side impacts  were: 

DRIVERS(n=141)FLP(n=62) RFAR(n=31) 
ALL (AIS>2) ALL (AIS>2) ALL (AIS>2) 

chest  with  door panel (45%), - abdomen-pelvis with  door panel (41%), 
0 lower  limbs  with  instrument panel (28%), 

upper extremity with door panel (28%), and - abdomen-pelvis with  seat  belt  (25%). 
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TABLE 3.9 BODY  REGlONlCONTACT SOURCE  ANALYSIS  FOR ALL 
INJURIES  AND  SEVERE  (AIS >2) INJURIES  TO  THE 141 
DRIVERS IN SIDE IMPACT COLLISIONS. 
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TABLE 3.10 BODY  REGlONlCONTACT SOURCE  ANALYSIS FOR ALL 
INJURIES  AND  SEVERE  (AIS >2) INJURIES  TO THE 122 
RESTRAINED DRIVERS IN SIDE IMPACTS 

I Canrole 2 1 6 

11) H I  

I A.pillsr 2 1 

I 8-pillrl 2 1 

12) 

4 



TABLE 3.11 BODY  REGlONlCONTACT  SOURCE  ANALYSIS  FOR  ALL 
INJURIES  AND  SEVERE  (AIS >2) INJURIES TO THE 17 
UNRESTRAlNED DRIVERS IN SIDE  IMPACTS. 
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For  severe  injuries (AISX) to all drivers in side impacts, the  most  noteworthy  injury/source 
contacts were: 

* chest with  door panel (32%), 
head with exterior  object (13%), 

abdomen-pelvis with door  panel  (12%), 

lower  limb  with  door panel (7%), and 

lower  limb  with  instrument panel (5%). 

Restrained Drivers: Given the disproportionate  number  of  belt  wearers and non-wearers 
among  this  injured population, it was necessary to  examine  the  injury  patterns by restraint use 
separately.  Table  3.10  shows  the  injury by source analysis for  the  141 restrained  drivers,  The 
pattern  of  injuries,  points  of  contact, and injuries by contacts for both all injuries and severe 
injuries  (AIS>2) was the  same  to  that already reported  above for all drivers.  Drivers  sustained 
5.1  injury-source  contacts  per  injured  occupant. 

Unrestrained Drivers: There  were  differences in injury  patterns,  however, for unrestrained 
drivers,  shown in  Table 3.1 1, where they sustained on average 4.8 injury-source  contacts.  The 
head was  the most  commonly  injured body region  for these occupants  (107%),  followed by 
upper extremities, chest, abdomen-pelvis, and the  face.  For  severe injuries (AIS>2), the  order 
comprised the head, chest,  abdomen-pelvis, and lower limbs. Points of  contact for these 
injuries  were  mainly  the  door panel and exterior  objects,  reflecting  a  greater  tendency  for  these 
occupants  to  he ejected. The most  noteworthy  of all injury by contact  source  interactions  were: 

- chest with  door panel (47%), 
* abdomen-pelvis  with  door panel (41%), - head with exterior  objects  (29%), 

* upper  extremity  with  door  panel (29%), - face  with exterior  object  (24%), and 

0 upper  extremity with exterior  object  (24%). 

while for severe  injuries,  these  comprised: 

chest with  door panel (13%), 

head with exterior  object (10?’0), 

* abdomen-pelvis  with  door panel (lo%), - head with door  panel (6%), and 
* abdomen-pelvis  with  exterior  object (6%) 

FRONT-LEFTPASSEhrGERS: Table 3.12 shows  the injuries and points  of  contact  inside  the 
vehicle  for  62  front-left  passengers  involved in side impacts. The most frequent  body  regions 
injured  were the chest,  abdomen-pelvis,  head, and lower  limbs  while  for  severe  injuries  only 
(AIS>2)  these  included  the  chest,  head,  abdomen-pelvis, and lower limbs. Once  more, the  door 
panel was, by far, the most common point of contact forboth all and severe  injuries, alongwith 
external  objects,  seat belts, instrument panel, windows and other  occupants. The 5 most 
noteworthy  all  injury/source contacts were: 
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* chestwith door  panel (63%), - abdomen-pelvis with the door  panel (61%), 
lower  limbs  with  door  panel  (27%), - lower  limbs with instrument  panel  (26%), and 

upper  extremity with door  panel  (21%). 

For severe  injuries  only,  these  included: 

chest with  door  panel (37%), 

* abdomen-pelvis  with  door  panel  (21%), 

head with  exterior  object  (13%),  and - chest with  other  occupant  (1 l%), 

Restrained FLP: As  with the finding  for drivers,  the  injury  patterns for  the 5 1 restrained  front- 
left  passengers  shown in Table 3.13 were  similar to those for all front-left  passengers,  apart 
from a slightly  higher  tendency  for  relatively  more  seat  belt  contacts,  notably  involving 
relatively  minor  chest  injuries.  Restrained  front-left  passengers  on  average  sustained 4.9 
injury-source  contacts  per  injured  occupant. 

Unrestrained FLP: Table  3.14 on unrestrained  front-left  passengers,  on  the  other  hand, shows 
that  these  occupants  experienced  7.4  injury-source  contacts per injured  occupant  and  their 
injury  patterns were  quite  different to  their  restrained  counterparts. Lower limb injuries 
predominated,  followed  by  upper  extremity,  head,  chest and abdomen-pelvis.  Severe  injuries 
(AIS>2)  involved  the  lower  limbs,  chest,  head  and  neck-spine.  Again,  the  door and exterior 
objects were principally  associated  with  most  of  these  injuries  (exterior  objects  actually were 
the  most  frequent  source  of  severe  injury  for FLP). The  four  most  common  injury-source 
contacts were: 

* chest with door  panel  (50%), - abdomen-pelvis with  door  panel (50%), - head with exterior  object (50%), and 
* lower  limbs with instrument  panel  (50%). 

For severe  injuries  (AIS>2),  the  most  common  injury-source  combinations  were: 

* chest  with  door panel (25%), 

0 head with  exterior  object (25%), 

* abdomen-pelvis with door  panel  (25%), - lower  limbs with instrument  panel  (25%),  and 
* chest  with  exterior  object  (25%) 

REAR  SEAT  PASSENGERS: Table 3.15 shows  the  number of injuries (all and  severe)  and 
points of contact  for  the 3 1 rear seat passengers  involved in side  collisions.  The  most  frequent 
body  regions  injured for these  occupants  included  the  upper  extremities,  face,  lower  limbs, 
chest  and  head,  while  severe  (AIS>2)  injuries  occurred in the  chest,  abdomen-pelvis,  upper 
extremities, and the  head.  The  most  notable  points  of  contact  were  exterior  objects,  the  door 
panel,  and  side  windows,  while  the  most  noteworthy injuryhource contacts  were: 
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TABLE 3.12 BODY  REGIONKONTACT  SOURCE  ANALYSIS  FOR ALL 
INJURIES  AND  SEVERE  (AIS >2) INJURIES  TO THE 62 FRONT- 
LEFT PASSENGERS IN SIDE IMPACTS. 

21 

121 

C-pillar 0 

10) 

3 3 

10) 
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TABLE 3 .13  BODY REGIONICONTACT SOURCE  ANALYSIS  FOR ALL 
INJURIES AND  SEVERE  (AIS >2) INJURIES TO THE 51 
RESTRAINED FRONT-LEFT PASSENGERS IN SIDE IMPACTS 
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TABLE 3.14 BODY REGIONKONTACT  SOURCE  ANALYSIS FOR ALL 
INJURIES AND  SEVERE  (AIS >2) INJURIES TO THE 8 
UNRESTRAlNED FRONT-LEFT PASSENGERS IN SIDE IMPACTS. 

t 13 
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* chest  with  door  panel (32%), 
* abdomen-pelvis with  door panel (29%), 
* upper  extremity  with  exterior  objects (29%), 
* upper  extremity  with  door panel (26%), and 

head,  face, and lower  limbs  with  exterior  objects  (26%). 

For severe  (AIS>2)  injuries  to  rear  seat  occupants in side  impacts,  the  most  noteworthy  injury/ 
source  contacts were: 

- chest with  door panel (23%), 

* upper  extremity with exterior  objects (13%), 
abdomen-pelvis  with  exterior  object (lo%), - abdomen-pelvis with  door panel (6%), and - chest  with  exterior  object (6%). 

RestruinedRear: Results for  the 13 restrained rear seat passengers are shown  in  Table 3.16. 
On average,  they  sustained 3.3 injury-source contacts per  injured  occupant.  Their  most 
frequent  injuries  included  the  upper  extremity, head, lower limb, chest, and face,  while  for 
severe  injuries  only (AIS>2), these  included  the chest, upper extremities, and the  head.  Com- 
mon points  of  contact  were the door,  exterior objects, and side  windows  generally with  the  seat 
belt  prominent  among  minor  injuries.  Notable  injury-source  contacts  included: 

chest with  door  panel (38%), - upper  extremity with  door  panel (38%), 
abdomen-pelvis  with  door  panel (3 1%), 

head with exterior  objects (23%), and 

* head and face  with  side  windows (23%). 

and for  severe  injuries,  these  were: 

chest  with  door panel (23%), 
upper  extremity  with  exterior  objects (15%), 

upper  extremity  with  door  panel (8%), and 

head with  side  windows and exterior  objects (8%) 

Unrestrained rear: Injury  patterns for  the 1 1  unrestrained rear occupants  are  shown in Table 
3.17 where  they  sustained  on  average 6.1 injury-source contacts per  injured  occupant.  Their 
most  frequent  injuries  were  to  the  face,  upper  extremities,  lower  limbs, and the  chest, while 
these  included  the  chest, abdomen-pelvis, lower  limbs, and the  head for  severe (AIS>2) 
injuries.  The most  common  source  of  injury  for  these  unrestrained rear seat occupants was 
exterior  objects  followed by the  door panel  for  both  minor and major  injuries.  Notable  injury- 
source  contacts  included: 

* face,  chest,  upper  ext. and lower limbs with  exterior  objects (55%), and 
* abdomen-pelvis and neck-spine  with  exterior  objects (45%) 
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TABLE 3.15 BODY  REGlONlCONTACT SOURCE  ANALYSIS  FOR ALL 
INJURIES  AND  SEVERE  (AIS >2) INJURIES  TO THE 31 REAR 
SEAT  PASSENGERS IN SIDE IMPACT. 

Source H s a d  Face C h M  Abd-pelvis Upperext LowerexL NackSpinc TOTAL 

I Other occupants 3 3 6 

13) (31 (6) 

Exterior 26 26 19 16 29 26 16 158 
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TABLE 3.16 BODY  REGIONKONTACT  SOURCE  ANALYSIS  FOR  ALL 
INJURIES AND  SEVERE  (AIS >2) INJURIES TO THE 13 
RESTRAlNED REAR SEAT  PASSENGERS IN SIDE IMPACTS 
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TABLE 3.17 BODY REGlONlCONTACT SOURCE  ANALYSIS FOR ALL 
INJURIES  AND  SEVERE  (AIS >2) INJURIES TO THE 11 
UNRESTRAINED REAR SEAT  PASSENGERS IN SIDE  IMPACTS. 

9 27 27 27 1 8  

Other occupants 0 

10) 



while  for  severe injuries,  they  were: 

- abdomen-pelvis with exterior  contacts  (27%), - chest with  door  panel  (18%),  and 

chest  with  exterior  object  (18%). 

3.4.8 Injuries  in  Near  and Far Collisions 

The  fmal  analysis  undertaken  for  side  impact  collisions  was an attempt  to  examine  whether 
injuries  and  points of contact  were  different for occupants  seated  on the impacted  side (NEAR) 
or  the  opposite  side (FAR). Previous  evidence  suggested  that  there  would be differences  here 
(Dalmotas  1983; Otte et a1 1984;  Rouhana and Foster  1985).  Tables 3.18 to 3.23  shows  these 
results where  some  of  the  vehicle components (eg; door  panels) were re-classified as either  near 
or  far (to the  occupant)  to  provide additional  information. 

NEAR SIDE CRASHES: Table  3.18 shows  the  results  for  the  165  near-sided  occupants 
injured  in  side  impact  collisions.  Most  frequent  injuries  occurred  to  the  upper  extremities, 
chest,  abdomen-pelvis,  lower  limbs  and  the  head  for  all  injuries  and  to  the  chest,  head, 
abdomen-pelvis  and  lower  limbs for severe  (AIS>2)  injuries.  Common  contact  points for 
minor  and  major  injuries  included  the  near-side  door,  exterior  objects,  seat-belt,  near-side 
windows,  and  the  instrument  panel. The most  frequent  injury-source  interactions  were: 

* chest  with near  door (61%), 
abdomen-pelvis with near  door (60%), 

upper  extremity  with near door (30%), 
lower  limbs  with  near  door  (27%), 

head with exterior  objects  (22%), and - lower  limbs  with  instrument  panel  (21%) 

For  severe  injuries  only,  the  most  frequent  combinations  were: 

- chest with  near  door (38%), - abdomen-pelvis  with  near  door  (18%), 

* head  with  exterior  objects (12%), and 
* lower  limbs  with  near  door (7%). 

Restrained Near-Side Occupants: Restrained  near-side  occupant  injury  patterns  are shown  in 
Table  3.19  where, on average,  these  occupants  sustained 4.9 injury-source  contacts.  There were 
no  differences  experienced  in  injuries,  contacts, or injury-source  combinations for the  134 
restrained  near-side  occupants  compared  with  all near-sided occupants. 

Unrestrained Near-Side Occupants: Injury  patterns were slightly  different for those  unre- 
strained in near-side  crashes as shown in Table  3.20  where  there were  5.5 injury-source  contacts 
per injured  occupant.  The  most  common  body  regions  injured  were  the  upper  extremities, 
lower  limbs,  head,  chest,  and  face,  while for severe  injuries  only  (AIS>2),  these  included  the 
lower  limbs,  chest,  head,  and  abdomen-pelvis.  Frequent  sources of injury  included  the  near- 
side  door,  exterior  objects,  instrument panel, near-side  windows  and floor and toe pan.  The 
most  noteworthy  injury-source  combinations  were: 
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TABLE 3.18 BODY REGIONICONTACT SOURCE  ANALYSIS FOR ALL 
INJURIES AND  SEVERE  (AIS >2) INJURIES TO 165 OCCUPANTS 
INVOLVED IN "NEAR-SIDE"  IMPACTS. 

I I 

I seat 1 1 2 1 
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TABLE 3.20 BODY REGIONICONTACT SOURCE ANALYSIS FOR ALL  INJURIES 
AND SEVERE  (AIS 22) INJURIES TO 25 UNRESTRAINED 
OCCUPANTS INVOLVED IN “NEAR-SIDE” IMPACTS. 
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- chest with  near  door (48%), - abdomen-pelvis with near door (48%), - upper  extremity with  near door (32%), - head with  exterior objects (32%), and 

upper  extremity  with  exterior  objects (32%). 

For severe  injuries,  these  included: 

- chest with near  door (28%), - abdomen-pelvis with near  door (16%), 

* lower  limbs withnear door (16%), 

* head with exterior  objects (12%), - chestwith  exterior objects (12%), and 
lower  limbs with instrument  panel (12%). 

FAR-SIDE CRASHES: Table 3.21 shows  the  results  for  the 69 far-sided  occupants  injured  in 
side  impact  collisions.  The  most  frequent  injuries  were  to  the  chest,  abdomen-pelvis,  upper 
extremity,  and  head,  while  for  severe (AIS>2) injuries,  they  included  the  chest,  head,  and 
abdomen-pelvis.  Points of contact  were  more  varied for these  occupant  injuries  and  comprised 
exterior  objects,  the  seat  belt,  far-side  door  panel,  other  occupants,  and  the  instrument  panel. 
Important  injury-source  contacts  for  occupants  in  far-side  crashes  were: 

* lower  limb with instrument  panel (33%), 

* abdomen-pelvis  with  seat  belt (33%), 
* chest  with  seat  belt (29%), - chest with  far-side door  panel (17%), and 

* chestwith  other occupants (17%). 

For severe (AIS2)  injuries,  these  included: 

* chest  with  other  occupant (IO%), 

* chest  with  far-side  door panel (9%), - abdomen-pelvis with seat  belt (7%), and 

* head  with  exterior  object (7%). 

Restrained Far-Side Occupants: Table 3.22 illustrates  restrained  far-side  occupant  injury 
patterns  where, on average,  these  occupants  sustained 4.9 injury-source  contacts.  Contrary  to 
other  findings,  there  were  differences  experienced in injuries,  contacts, or injury-source  combi- 
nations for  the 52 restrained  far-side  occupants.  The  most  frequent  body  regions  injured were 
the abdomen-pelvis,  chest,  upper  extremities,  lower  limbs, and the head, while  for  severe 
injuries (AIS>2), they  included  the  head,  chest,  and  abdomen-pelvis.  Frequent  sources  of 
injury  included the seat  belt,  other  occupants,  instrument  panel,  far-side  door,  exterior  objects, 
and  the roof. Common  injury-source  combinations  were: 

* abdomen-pelvis  with  seat  belt (42%), 

lower  limbs with instrument  panel (40%), 
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TABLE 3.21 BODY REGIONICONTACT SOURCE  ANALYSIS FOR ALL 
INJURIES  AND  SEVERE  (AIS 22) INJURIES TO 69 OCCUPANTS 
INVOLVED IN “FAR-SIDE” IMPACTS. 

Chest Abd-pelvis UpperexL Lowerext. NeckSpine  TOTAL 
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TABLE 3.22 BODY  REGlONlCONTACT  SOURCE  ANALYSIS FOR ALL 
INJURIES  AND  SEVERE  (AIS >2) INJURIES TO 52 RESTRAlNED 
OCCUPANTS IN "FAR-SIDE" IMPACTS. 
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- chest  with  seat  belt  (35%), - chest with  other  occupant  (21%), - abdomen-pelvis  with  other  occupant (15%), and 

* head with  other  occupant  (12%). 

For  severe  injuries,  these  included: 

chest with  other  occupant (12%), - abdomen-pelvis  with  seat  belt (lo%), 
0 chest with far-side door panel (8%), 

head with  other  occupant (8%), and - head with  roof (8%). 

Unrestrained Far-Side Occupants: The  final  injury  pattern  examined  was  for  unrestrained 
occupants  in  far-side  crashes,  as  shown in Table 3.23.  These  occupants,  on  average,  sustained 
6.2 injury-source  contacts  per  injured  occupant.  The  most  common  body  regions  injured  were 
the  head,  neck-spine,  face,  chest, and upper  extremities,  and for  severe  injuries  (AIS>2),  the 
head,  chest,  abdomen-pelvis,  and  neck-spine.  Frequent  sources  of  injury  included  exterior 
objects, the  far-side door  panel,  far-side  windows,  and  exterior  objects  (B-pillars were espe- 
cially  noted  in  severe  injuries to these  occupants).  The  most  noteworthy  injury-source  combi- 
nations were: 

* neck-spine, face, and  lower  limbs  with  exterior  objects (55%), and 

* head,  abdomen-pelvis,  and  upper  extremities with exterior  objects  (45%), 

For severe injuries,  these  included: 

* abdomen-pelvis with exterior  objects  (27%), 

* head with exterior  objects (18%), and - head with far-side  door  panel (18%). 

3.4.9 Side lmpaet  Summary 

Of the 501 crashes  containing  605  injured  occupants in the  Crashed  Vehicle  File, 40% were 
side  impact  collisions.  This  proportion is considerably  higher  than  that  reported by the 
Transport  Accident  Commission  for  Victoria,  confirming  the  greater  likelihood of  serious 
injury to occupants  involved in side  impact  crashes. 

Drivers  comprised 60% of those injured,  front-left  passengers  27%,  and  rear  seat  occupants 
13%. These  proportions  probably  reflect  exposure  rates in the  vehicle  population as  there  was 
no evidence  of  an  abnormal  outcome by seating  position in this  crash  configuration. 

Ninety  percent  of all side  impacts  where  someone was injured  sufficiently  enough to  require 
hospitalisation  involved  passenger  compartment  intrusions.  Half of them  were  perpendicular  to 
the  direction  of  travel  and  half  were  oblique  impact  directions. 

The  average  change  in  velocity  on  impact  (Delta-V)  was 35kmh although  these  values  ranged 
from  as  little as 8km/h  to  over  96km/h  Eighty-nine  percent were equal  to or below  54km/h, 
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while 36% were equal to  or below 27km/h, the  perpendicular  component  proposed  for the 
American  side  impact test. 

Eighty-four  percent  of  injured  occupants  wore  their  seat  belt  at  the  time of the collision.  Rates 
in  the  front  seat  were  higher  than  in  the rear but overall were less  than that expected from 
population  statistics.  This  suggests that even  in  side  impacts,  seat  belts  help  reduce  injury. 

Thirty  nine  percent  of  restrained and 14% of unrestrained  occupants were entrapped from  these 
collisions. There  were  only a  few  cases of occupant  ejections  amonyst belt  wearers,  yet  more 
than  one-third of unrestrained  injured  occupants  experienced  ejection to  some  degree. 

There  were  roughly  twice as many intrusions  in the  front passenger  compartment as the rear 
Door panels,  pillars,  roof side rails, and the  roof itself were  frequent  intruding  structures  in 
these  impacts. 

The  average  level  of  injury  severity (ISS) for  this  sample  ofhospitalised  and  killed  side  impact 
occupants  was  almost  twice  that  of their  frontal  crash  counterparts.  Similarly, the proportion  of 
killed to hospitalised  occupants  was also nlarkedly  higher for  side  impact  than  frontal  crashes. 

Occupants of vehicles  involved  in side impacts  sustained a high  proportion of  severe injuries  to 
the chest,  head,  abdomen-peivis and lower  limbs from contacts, ma& with  the  door  panel and 
exterior  objects,  but also involving  the  instrument  panel and side windows.  There  was  little 
indication  that  the  steering  assembly  was  especially  hazardous  to  front  seat  occupants in these 
impacts. 

There  were roughly twice as many “near-side” impacts as there  were ‘Yar-side” crashes  in the 
sample,  although a sizeable  number  of  occupants  still  sustained  severe  injuries  from  far-side 
contacts  (especially  involving  contacts  with the  seat  belt  opposite  side  door panel and side 
windows  and  the  instrument panel). Far-side contacts were noticeably  different  in that contacts 
with  other  occupants gained in importance in their  injurious  effects. 



4. DISCUSSION  AND RECOMMENDATIONS 

The  results of this  aualysis of 198 side  impact  crashes  involving 231. hospjralised or killed 
occupants has uncovered  several  important  findings that need to be elaborated upon. This filial 
chapter  discusses  these  findings  in  relation  to  results  reported by other  similar  studies  ol-erseas 
and makes a  number  ofrecollllllelldations  for  design  improvements  to  reduce the frequency or 
severity of illjury  to  occupants in~rolved in  side  inlpact  collisions  in  Australian pas5enger tal-s. 

4.1 SEVENTY OF SIDE IMPACT CRASHES 

The relative  severity of these  crashes  compared to other crash contigurations  has  been 11~11- 

tioned  earlier.  The  average  change  in  velocity of impact was lower, but the average  injur>- 
severity  score;  the  proportion of killed to hospitalised  occupants,  and the probability of serious 
iujury ulere all  higher  for  side than frontal  crashes.  Furthermore. the proportion  of  side  impacts 
among this  representative  sample of severely injured  Victoriau  crashes was much higher  than 
that  reported for all Victorian  injury  crashes  over the sane time period by the Transport 
Accident  Colnmission of Victoria  (Fildes et a1 1991). 

This  is  not  a  new  finding and  has  been  previously  reported by other  researchers  in  Australia  and 
overseas  (eg;  Marcus et a1 1983: Mackay et al 1991: Fan 1987). The  proportion of side  impact 
Harm is  higher  among  this  sample thau that reported for the USA during the 19SO's by 
Malliaris et a1 (1982): presumably  because of the higher belt wearing  rates  in  Australia  and the 
resultant  disproportionate  reductions  in  frontal  Harm as a consequence i n  this country. I1 mal- 
also be  that  there are  proportionately  more  side  impacts  in .Australia. 

As noted  in the literature review: side  impacts do present a particularly  difficult  problem for 
secondary  safety  improvement  because  there is little c~ushable structure  and  distance bet\veen 
the impacting  car  or  object  in  a  side  crash and near-side  occupants. As Cssari and Bloch (1981.) 
reported,  the  front  structure of the car is  able to absorb two to fiw rimes as nmch  energy as the 
side  structure  before  injury  occurs.  The  results  obtained  here  generally  support  this  claim. 
although  the  precise  difference in energy  absorption  between  side and front  crashes in the 
sample  is  difficult  to assess. given the confounding  effects ofvariations i n  delta-V  and  injury 
severity  for  both  configurations  noted  above. 

4.2 OVERVIEW OF CRASH AND  OCCUPANT CHARACTERISTICS 

Ofthe 501 crashes  containing 605 injured or killed  occupants in the Crashed  Vehicle  File, 40% 
involved  side  impact  collisions.  either  with another vehicle 01- a fived object. Ninety  percent of 
these  injurious  crashes  involved impact with the passengr conlpartnlent  and  subsequent 
intrusion.  Half  of  them  were  perpendicular to the direction of trawl of the observed  vehicle 
while  the  other  half  occurred at solne  oblique angle. 

Mackay (1990) reported  similar findings from  inwstigarions in the UK, alrhough he noted  a 
slightly  higher  non-compartment  involvemenr  rate (20% c.f IO? D j .  This  might  simply  reflect 
minor  differences i n  the way compartment in\-ol\:emenl is coded  between the two studies or 
possible  beneficial  effects  for  the  Australian car fleer. .A higher  proportion of larger  cars  in 
Australia  compared  to the LIE; could  conceivably mean that  conlpartnmlr inr-olve1nent is 
necessary  in  side  impacts  in  this  country  before  occupants  are  injured.  This findin, = warrants 
closer  examination. 



4.2.1 Side Impact Integrity 

Given  the  minimal  space  and  structure  between the impacting  vehicle or  object and the 
occupants in  side  impacts,  its  not  too  surprising  that  intrusions  into  the  passenger  compartment 
are  quite  frequent  among  these  injury  crashes.  Roughly  nine out of ten front  doors  and thee  out 
of four  back  doors  were  deformed  during  these  crashes  suggesting  the  need for further  improve- 
ment in  side  impact integrity in Australian  passenger  cars.  B-pillars  were  more  commonly 
deformed  than  either A- or  C-pillars,  highlighting  the  relative  importance of this  central  door 
structure  and  the  need  for it to  be emphasised  in  efforts  to  improve  side  impact  strength. 

Somewhat  surprisingly. the roof  and  roof  side rail were deformed  in  only 14 and 20 percent  of 
side  crashes  in  the  front  (and 15 and 13 percent  in  the  rear).  Clearly,  this shows  the relative 
importance  for  improved  side  impact  integrity to focus on the  lower  half  of  the  side  of the 
vehicle,  especially  the  door  panel  and  below. 

Intrusions  involving  the steerillg assembly  were  less  apparent (and probably  less  critical as 
well) in  side than  frontal  impacts.  Nevertheless,  there  were  a  sizable  proportion  of  steering 
wheel  movements boll1 laterally  and  vertically in these  crashes.  While the steering  wheel  did 
not feature  prominently  as  an  injury  source  in  this  analysis. there were  a  number  of  instances  of 
severe  injuries to the  chest  and  abdomen-pelvis  among  drivers  in  side  impacts.  The  need  for 
perfomlance  specifications  in  these two directions  was  noted  for frontal crashes  in CR 95 
(Fildes  et a1 1991)  and  these  side  impact  findings  further  support  this  recommendation. 

4.2.2 Occupant  Characteristics 

Sixty  percent  of  patients  were  drivers, 27 percent  front-left  passengers,  and  13  percent  rear  seat 
passengers.  which  is  not too different  from  seat  exposure  rates  except  for the rear seat.  There 
were no signs 01 over-involvement  for  either  males  or  females  and  most  age  groups  and  only 
those  aged  over 75  years  seemed  over-represented  from  population  statistics. This can he 
explained,  however,  purely  in  terms ofthe liailty of the  aged. 

Seat  belts  are comnonly thought  to  he  principally  a  frontal  crash  countermeasure  and offer little 
benefit for  occupants  in  side  impacts.  However,  the  finding  here  that  16%  of  front  seat  and 
roughly  half  rear  seat  injured  occupants  did not wear  their seat belt  was  markedly  higher  than 
that  reported among  the  population at large (6% and 31% respectively,  Vic Roads 1990: Ove 
Arup  1990). 

While  overseas  figures  are  less  compelling,  nevertheless Mackay (1988)  and  Jones  (1982)  have 
argucd  that  the  three-point  belt  still  has  a  substantial  protective  effect  in  side  impacts most 
notably,  they  claimed.  for  far-side  occupants.  The  results  from  this  study  suggest  that  three- 
point  seat belts are  also an advantage  for  near-side  occupants  as  well, if only  in  preventing 
ejections  and  severe  injury  from  exterior  contacts. It should he pointed  out.  however,  that  the 
over-involvement of non-restrained  occupants  observed  in  this  study  might also reflect  a 
teudency  for  these  motorists  to be over-involved  in  side  impacts  crashes  as  well. 

Jones (1 982)  reported  that  seat  belts  also  prevent  contacts  between  occupants  in  side  impact 
crashes  but  this  was not repeated here. In fact,  there  were  no  recorded  contacts  from  other 
passengers  for  unbelted  occupants in this  study  which  seems  a  little  puzzling. It might he  that 
there  were too few unbelted  cases  for  this  trend  to he apparent  (17  drivers, 8 FLP and 11 rear 
passengers)  especially  when many of these  occupants may have been the only  lateral  occupant 
in that  seating  position [eg; drivers  are  only likely to  have  a FLP in  roughly  half of rural  trips 
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and  one-quarter  urban  trips:  Fildes  Ru~nbold and  Leening (1991)). It lnight  also be that 
unbelted  occupants  are  more  likely to be ejected  from their vehicle,  hence  they  are  less 1ikel)r to 
Come iuto  contact  with  other  occupants.  This  warrants  further  inuestigation. 

4.2.3 Entrapments and Ejections 

There  was  a  higher tendenc); for  seat  belt  wearers to be entrapped in these  collisiolls that1 11011. 
wearers (39% c.f. 14%). However, it is not clear what e f k t  this may have had i n  te1-n~ of 
injuries  or  survival  rates for these  occupants,  given the number ofconfounding factors  apparent 
in  these  data.  Clearly, it is undesirable to be entrapped  after  a  crash. 11 runs the risk of 
incineration  in the case offire or dro\ming if the car is subsequently  immersed.  Moreover:  long 
delays  in  removing occupants  after  a  crash  can leave the individual  with  severe  physical and 
psychological  consequences. apart from an! additional  injuries that might be sustained i n  
removing  someone  trapped  inside  a vshicls. It is no1 a consequence to be  encouraged. 

Ejections, on the  other  hand,  were  practically nol1-esistent among belt wearers (:2 percent) 
compared  with  a 38 percent  rate  for unrestrained occupants i n  these cl-ashes. Moreover.  injuries 
and  injury  sources  reflected a higher  proportion of severe  injuries  from  external  contact  sources 
among those not wearing  their seat belts. This  is further  evidence of the bendit oi' seat belts i n  
reducing  injuries  for  occupants in side impact crashes  discussed  above. It might  also  help  to 
explain the anomaly  described  above for contacts nil11 "other  occupants". 

4.3 INJURIES AXI) CONTACTS 

The  study  set  out to examine  the various types and frequencies of injul-ies sustained  by 
occupants  in  side  impact  crashes  and the contacts  within the car as well as csterior objects 
associated with  these  injuries.  Injuries  and  contact points are  discussed both separately and as 
inreractions  below  to  further  identify patterns of injury aud areas requiring  intervention. 

4.3.1 Body Regions  Injured 

While drivers  sustained  marginally more illjuries than  other  occupauts,  there  were no major 
differences  observed in terms of ill-iury severity  or the probability of' injury  across the various 
seating  positions. 

Front  seat  occupants  sustained  a  significant  number of head.  chest,  upper  extremity,  and 
abdominal-pelvic  injuries,  including  severe injury 10 many  of these  resions.  Rear  seat  passen- 
gers  had  fewer  head  injuries but were  equally  vulnerable to chest: abdominal-pelvic.  and  upper 
extremity  injury.  There  were  roughly  equal  numbers of neck-spinal  injuries  across  the  various 
front  and rear seating  positions. 

These findings are not that  differem fl-om those  reported b>- Molt and Vasey (1977) from  early 
Australian  data  and  Dalrnotas (1983) from Canadian  statistics.  Lestina  et al (1990) also 
reported  that  head. chest. and  abdominal  injuries  predominated  among  severe (AIS>?) iniury to 
UK occupants which again is similar  to  that found here. The fact that there  have  been few 
changes  in  the  Australian injury pattern over the last 15 >.ears or so demonstrates the need for 
further  effort at improving  occupant  protection  in  side  impact  crashes. 

4.3.2 Frequent Points of Contact 

By far  the  greatest  source ofinjury  for all occupants  in side  impact  crashes \\as the door  panel 
(between S5 and 84 percent of injuries  were from thk sourcej. Seat belts and  the  instrument 



panel  were  the  next  major  sources  of  injury  in  the  front  seat  while  exterior  contacts  and  the  side 
window  and  frame  were  also  significant.  For rear seat  passengers,  exterior  objects  and  window 
and frame  contacts  rated  more  highly,  presumably  because of the  lower  seat  belt  wearing  rates 
in  the  back  seat  and  the  higher  propensity  for  ejection  among  unrestrained  occupants. 

The  door  panel  has  been  reported  previously  as  the  most  frequent  impacting  part by Dalmotas 
(1983),  Otte et a1 (1984),  Hackney et a1 (1987): and I-Iaalund (1991).  However,  the  substantial 
number  of  seat  belt  injuries  observed in these  side  impact  crashes  has  not  been  previously 
highlighted.  This is probably  a  consequence  of  current  high  seat  belt  wearing  rates  in  Australia 
and  the  relatively  low  wearing  rates in the  older  overseas  studies.  Similarly,  while  some  of  the 
previous  studies  have  reported  much  higher  involvement  from  the  side  rails,  pillars  and  roof  to 
that  observed  here,  this is also  likely  to  be  a  consequence of higher  unrestrained  occupant 
populations. 

4.3.3 Injuries By Contact  Sources 

The  most  informative  injury-source  results  were  obtained by scoring  the  various  interactions 
between  injuries  and  contact  points  for  each  one  hundred  occupants.  These  were  able to be 
broken  down by seating  position,  near-  and  far-side  impact,  and  belt  wearing  status.  These  are 
discussed  in  terms ofthe factors  of  most  relevance. 

SEATING POSZTZON: The  results  for  drivers  and  front-left  passengers  were  remarkably 
similar  for  these  side  crashes.  Injuries  to  the  chest  and  abdomen-pelvis  from  the  door  were  most 
frequent  for  all as well  as  severe  injuries;  two-thirds of all  these  injured  occupants  sustained 
such  an  injury  and  one  third  were  greater  than AIS2 severity.  Head  injuries  from  contact  with 
an  exterior  object  were  also  particularly  noteworthy  among the more  severe  injuries.  Lower 
limb  injuries  from  the  contact  with  the  instrument panel and chest  injuries  from  the  seat  belt 
were also quite  common,  although  they  tended  to be less severe  injuries  overall. 

Rear  seat  occupants also experienced  a  sizable  number of chest  and  upper  extremity  injuries 
from  contact with  the  door, although  not as frequently  as  front  seat  occupants  did.  Of  particular 
concern  was  the  high  number  of  chest,  upper  extremity,  and  abdomen-pelvic  injuries  (but not 
head  strangely  enough)  from  external  contacts.  This  clearly  reflects  the  higher  proportion of 
unrestrained  injured  occupants in the rear and  the  greater  likelihood  of  severe  injury  from 
external  objects  presumably  after  ejection. 

It was  not  possible  to  compare  these  injury-source  findings  with  others in the literature as most 
previous  reports  on  injuries  sustained in side  impact  collisions  have  stopped short of  providing 
this  level  of  detail. 

RESTRAZNTEFFECTS: As noted  above,  there  were  differences  observed  in  the  body  regions 
injured  and  the  sources of injuries  between  restrained  and  unrestrained  occupants.  Except  for 
drivers,  there  were  generally  higher  rates of injury-source  contacts  per 100 injured  occupants 
for  those  unrestrained  than  those who were  restrained.  This  further  demonstrates  the  protective 
effects of seat  belts  in  minimising  injuries  in  side  impacts. 

The  findings  for  restrained  front  seat  occupants  were  not  too  dissimilar to the  findings  for  all 
front  seat  occupants  which is understandable,  given  their  high  proportion.  However, unre- 
strained  front  seat  occupants  experienced  many  more  contacts  with  exterior  objects  (especially 
among  the  more  severe  injuries)  compared to restrained  front  seat  occupants  which no doubt 
reflects  the  greater  propensity  for  ejection.  Front  left  passengers  experienced  many  more 
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contacts  with  other  occupants,  presumably  because  they  always  have  another  occupant (the 
driver)  whereas  drivers  are much less exposed  to  front  left  passengers. A higher  proportion of 
severe  lower  limb  injuries  from  contact with the door,  floor.  and  instrument  panel  was  also 
noted  for  unrestrained  drivers  and  front  left  passengers. 

Examining  across  restraint  condition  in  the rear: it becomes  apparent  that  exterior  contacts 
account  for  most  injuries to these  unrestrained  occupants. For restrained rear seat  occupants. 
the  door  panel and  window and frame  were  predominantly  associated  with  their  injuries. 
Clearly, a sizable  number of severe  injuries  to rear seat  passengers could be  reduced  simply by 
increasing  seat  belt  wearing  rates,  although  there is also a need to consider how to reduce 
injuries from  contact  with  the  rear  doors  and  windows:  too. 

SIDE OF IMPACT: As noted  earlier,  there  was a much higher  proportion of near-side  than 
far-side  occupants  in  the  sample.  Others  such as Dalmotas (,1983): Hackney et a1 (1987) and 
Haalund (1991) have  also  observed the injury benefit of being  seated  away  from  the side of 
impact  and  disbenefit  of  being on the impacted  side.  Moreover,  differences in  injuries  and 
contacts  have been attributed  to The relationship  between  seated  and  impacted  side. 

Year-sided  occupants  experienced many more  contacts  with the near-side  door  involving the 
chest.  abdomen-pelvis,  upper arms. and lower limbs.  Furthernlore. many of the upper  torso 
injuries  were  severe  life  threatening  injuries (AI92) .  This was especially so for  restrained 
occupants,  although  not  infrequent  among  unrestrained  near-side  occupants,  too.  Clearly.  there 
is an  urgent  need  to  address  ways  in which these  injuries  from  the  door  panel  itself  can  be 
mitigated  through  improved  padding  and  a  more  forgiving  structure. 

In  far-side  crashes,  there  were many more  seat belt induced  injuries  (especially among those 
restrained)  suggesting  that  present  seat belt designs  in  both the front and rear seats  is not 
optimal  for  this  crash  type.  There was also  a  number of severe  chest  injuries  still  from  contact 
with the far-side  door and  from  other  occupants. In addition,  there  was a disconcerting  number 
of  severe  head  injuries  from  the far-side door and  exterior  objects  to  both  restrained and 
unrestrained  occupants  alike in these  crashes.  This  suggests  that  measures  aimed at  keeping 
occupants  apart  and  away  from the impacting  side would also  be of benefit in  reducing  injuries 
to  vehicle  occupants  in  side  impact  crashes. 

4.4 SIDE  IMPACT  COUNTERMEASURES 

Side  impacts  were  involved  in 40 percent of the crashes  investigared in this  study  and are 
estimated  to  cost the Australian  connnunity  around A$1 billion  in Harm annually (1991 prices). 
This  represents  a  major  source of road  trauma  in  this  country that needs to be addressed.  The 
results  obtained in  this  study suggest a number of possible  countermeasures  to  alleviate  injuries 
to  occupants  in  side  impact  crashes which are  detailed  below. 

4.4.1 Side Door Padding 

The  most  common  source of injury (involving  both minor and  major  injuries)  to  the  chest  and 
abdomen-pelvic  regions  of the body for those  involt-ed  in  these  crashes  was  the  door  panel. 
This was so for  both  near-  and  far-side impacts. although its role was clearly  more  predominant 
for  those  seated on  the impacted  side. 4 s  noted  above.  this  has  also  been  reported  elsewhere 
and means  for  alleviating  these  injuries  have been subject to research  and  development  over- 
seas. 
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The  role  of  the  vehicle’s  structure  in  mitigating  door  intrusions  is one area  that  warrants  closer 
attenlion  (this  is  discussed  further in terms  of  structural  performance  standards).  However. 
most  overseas  experts  have  also  acknowledged that better  padding  of the door  surface  itself  can 
play  a  role in helping  to  reduce  torso  injuries.  The  suitability of various  types  of  padding  is 
subject to current  research  effort  involving car manufacturers,  material  engineers,  and  research 
groups. It has  been  argued  that  appropriate  padding  can  mitigate SID dunnny  loads  (and 
presumably  impact  injuries) by up to  30  percent  (Preuss & Wasko 1987). although  the  basis  for 
finding  has  been  questioned by Lau  and  Viano ( 1  988). 

lypes of  padding  (and  various  thicknesses of padding)  explored so far  include  soft  foams  and 
hard  polystyrene  materials. as well as  other  forms  of  padding  (aircups,  honeycomb  structures, 
etc).  Manufacturers  wishing to oplimise  injury  reductions  have  experimented  with  various 
combinations  of  these  materials  (refer  the  proceedings of the  1991  Experimental  Safety  Vehi- 
cles  conference  for  a  plethora of papers  describing  these  tests  and  findings).  The  distance, too, 
between  the  surface  of  the  padding  and the near-side  occupant  also  appears  relevant in terms  of 
reducing  peak  occupant  loads  in  side  crashes  (Preuss & Wasko 1987; Gabler.  Hackney &i 
Hollowell  1989). 

4.4.2 Side Door Airbags 

The  development of airbags in the  doors  of  vehicles  has  also  received  attention  recently  as  a 
means  of  further  mitigating  door  impact  injuries to the  chest,  abdomen  and  pelvis.  Several 
manufacturers  including  Volvo  (in  conjunction  with  Autoliv)  are  developing  a low- volume (X 
litre)  side  airbag that  will  innate  rapidly  upon  impact  and  provide  ride-down  with  some  padding 
and  separation  benefits  for  the  near-side  occupants  from  the  intruding  door  surface.  While  the 
side  airbag  is  still in the  development  phase,  early  estimates of its  iujury  reduction  benefits  are 
encouraging.  Olsson,  Skotte  and  Svensson  (1989)  claim  that  this 8 litre  bag  should  reduce 
injuries  to  the  upper  torso  by 20 to 30% and  head  ejection by approximately 80 nun. 

The  Volvo/Autoliv  airbag  is  essentially  a  door  cushion  that  provides  torso  benefits to  occupants 
in side  impact  collisions.  However,  Toyota  have been experimenting  with  an  alternative 
(possibly  supplementary)  airbag  that  is  fitted to the  top of the door  panel  and  inflates  outwardly 
and upwards upon impact.  This bag has  the  potential  to  provide  benefit not only to the upper 
torso  (chest  and  shoulder  region)  from  contacts  with  the  door, but to  the  head  as  well  from 
contacts  with  the wJindow and  surround  and  from  outside  sources  (eg;  the  bonnet  of  the 
impacting  vehicle or object). 

The  Toyota  airbag  is  a  promising  development in side  impact  protection  that  deserves  continu- 
ing  support.  While  there  seem to be a  number of difficulties  to  be  overcome yet (such  as 
ensuring it reaches  position  in  time  to  cushion  head  movements  and  is not destroyed by the 
impacted  side  window),  nevertheless it is  a real attempt to minimise  head and face  injuries  from 
window  and  exterior  contacts  and  likely  to  have  high  benefits in reducing  this  trauma. 

4.4.3 Improved Side Glazing 

Head  and  face  contacts with the  side  glazing  and  exterior  objects  were  noted to be  of  concern 
among  some of the  cases  examined  in  this study. Another  means  of  reducing  head  and  face 
contacts  with  exterior  objects that has  received  some  attention  among  safety  researchers is the 
need for  improved  side  glazing  to  reduce  the  probability of partial  head  ejections  and  strikes 
with  impacting  surfaces. It is  understood that some  expensive  models  overseas  are  fitting 



double  glazed  side windol\:s (primarily for sound attenuation)  with  plastic  laminate  layers 
sandwiched  in-between.  This  has the potential  to  act as a head retention barrier which  should 
mitigate  injury  severity  It would  be  worth  monitorins  progress  in  this  area  and \\:here possible. 
evaluating  the  relative  effectiveness of \thicles fitted with double  glazed  windows o w r  con- 
ventional window safety  performance. 

4.4.4  Improved Seat  Belt  Wearing 

The  results  of  this  study (and others  overseas)  demonstrate  that  seat belts are still a  benefit for 
occupant  protection in side impact  crashes. As shown in the  previous  frontal  crash  report (CR 
95: Fildes et al 1991). there  was  an  over-representation ofnon-belt wearers an1ong the injured 
sample of side  impact  vehicle  occupants  to that observed among the general  motoring  popula- 
tion (13% cf 6% in the front  and 46% cf 34% ill the rear).  Moreover.  those  wearing belts had 
fewer  illjuries on average and  had practically  no  injuries from being ejecred fro111 the vehicle 
than  non-wearers.  While  this  might  also indicae a tendency for  unreslrained  occupants  to be 
over-involsed in crashes, il almost  certainly shous that those  not  wearing  seat belts are  more 
likely io be injured  and  injured severely 

Further  efforts to ilnprove  seat  belt  wearing  rates  are clearly lmrranted from  these  findings.  In 
particular,  measures to ensure  that  occupants in the rear seat are properly  restrained woultl yield 
substantial  savings  in  rear  seat  trauma.  The  previous report proposed  a  seat belt warning  system 
that alerted the driver when an occupant  (essentially  in the front but could  be  expanded to 
include  the  rear  as  well)  was not restrained  and  this  was subscquenrl!- shown 10 be very cost 
effective  (Report CR 100. Monas11 Lniversily  -\ccident  Research  Centre. 1992j. 

4 fixed  period  seat belt warning  light  has been included in the  new  proposed rronral Crash 
Performance  requirement  for new passenger  cars ADR 69!00. However. it was  primarily  aimed 
at frontal  passengers  and may not  directly  influence  those i n  the rear.  Thus. is might  be usefill 
to  re-examine  the  whole  question of a  seat belt w m i n g  device  for both front  and  rear  seat 
passengers, and especially the  need  for  seat  sensing  and  continual  warning  when  seat  bells  are 
not being used. 

4.4.5  lmproved Seat  Belt  Systems 

While  seat  belts  have  some  effect  in  minimising  side  impact  trauma  (especially i n  preventing 
ejection  and  injuries  from  exterior  contacts).  nevertheless  there  were still a number  of  injuries 
from  contact  with the belt  or belt attacl~nents in  this  sample ofoccupants.  These included  both 
front  seat  and rear seat  passengers.  Some of these injuries \ ~ ~ t l d  ha\e been the  resuli of 
inappropriate  occupant  nlovelnents (eg: la~eral  displacenmlt in a sysrem primarily  designed for 
longitudinal  displacement).  However,  some of the injuries  may  have  been  prevented or miti- 
gated if the  seat belt system  was  more  restraining. A number of measures  aimed at impt-oving 
seat belt geometry  were  identified  in CR 95 including  better  alignment  characteristics  (from 
attachment of the belt to the seal),  less  webbing  spool  out (from belt pre-tensioners  and  webbing 
clamps),  and  improved  seat  design (to reduce  submarining).  These  ilnpro\wnents for both  front 
and  rear  seat  occupants  are  also  likely to haxe some side  impact  benefits  as well and  are  worth 
pursuing. 

4.4.6  Lower  Instrument  Panel  Protection 

Lower  limb  illjuries  to  front  seat  occupants  from  contacts  with  the  instrument  panel  were 
observed  in many of these  side  crashes.  This  is not too surprising.  given that roughly  half of 



these  were  oblique  angled  impacts.  There  was a high incidence  of  these  injuries  also  in  frontal 
crashes  and  the  need  for  more  forgiving  lower  instrument  panels  and  kneebars  was  highlighted 
in the  previous  report (CR 95).  While  the  new  frontal  crash  performance  standard  does  specify 
maximum  femur  loading.  this  is  not  likely  to be sufficient in itself  to  ensure  a  reduction in lower 
limb  injuries  (which  are  extremely  disabilitating aud costly  to  the  community),  Further  efforts 
to identify  the  various  types  and  mechanisms  of  lower  limb  injuries  and  subsequently  accepta- 
ble  performance  requirements to mitigate  these  injuries  are  urgently  needed. 

4.4.7  Occupant  Separation 

Some  injuries  were  observed  from  contact  with  other  occupants in the  same  lateral  position. 
This  was  especially so for  front  seat  passengers  and  for  far-side  collisions;  there  was  presum- 
ably a higher  likelihood  for  another  occupant  on-board  in  the  front  seat  than  the  rear  (ie;  all  cars 
have a driver)  and  the  crash  dynamics  practically  ensure  contact  in  perpendicular  side  impacts. 
This  has also been reported  previously by Faerber  (1983)  and  Strother et a1 (1984),  although 
Jones  (1982)  claimed  that  seat  belts  reduce  these  injury-source  contacts.  Interestingly,  though, 
no “other occupant” contacts  were  observed  among  unrestrained  front-left  passengers (or any 
unrestrained  occupants  for  that  matter)  in  this  study. 

Alternative  means  of  separating  occupants  in  side  impact  collisions  are  worth  considering. 
While  higher  seat  belt  wearing  rates may not  be the answer,  better  fitting belt systems  may  still 
have  some  positive  effects.  Other  ingenious  measures  such  as  wrap-around  (wing-sided)  front 
seats,  especially  pronounced on the  in-board  side,  and/or  console  airbags may be possible 
solutions  for  the  future  protection of occupants in side  crashes.  However,  suitable  devices  have 
yet to be  developed or shown to alleviate  these  injuries. 

4.4.8 Side  Structural  lmprovements 

The  role  of  improved  side  structure for greater  occupant  protectiou is not  clear at this  stage. 
Increasing  the  strength,  stiffness  and  integrity of the  side  of the car  adjacent to the  occupants 
would seem  intuitively  sensible  to  reduce  injuries  from  side  impacts  with  non-rigid  structures 
such  as  other  cars by providing  more  resistance  to  intrusion.  The  Side  Impact  Protection (SIPS) 
system  introduced  recently by Volvo is mainly  focused  on  these  types  of  structural  improve- 
ments  and  they  claim  a 25% reduction  in  upper  torso  injuries  for  this  system  (Planath  1993). 
However:  the  role of greater  structural  strength  for  impacts  with  other  rigid  structures  (poles, 
barriers,  trucks,  etc.)  has  been  questioned by Mackay  (1990).  He  argued  that  under  these 
circumstances,  an  occupant may be  subjected  to  greater  loads  and  that  structural  integrity  may 
need to  be  improved  substantially  before  injurious  intrusions  are  mitigated  to  any  degree.  Other 
authors  (eg  Aldman  1988)  have  claimed  that  structural  benefits  will  only  be  achieved  with 
lower  bumpers  and  more  rigid  sill  panels  to  increase  the  lateral  acceleration of the impacted 
vehicle,  and  hence  minimise  door  intrusions. 

4.4.9  Steering  Column  Movements 

There  were  frequent  instances  of  lateral  and  vertical  steering wheel movements  observed  in  side 
impact  crashes  in this study.  While  the  steering  assembly did not  rate  highly  as a source of 
injury,  nevertheless,  intrusions  into  the  space  normally  associated  with  projectile body move- 
ments in crashes  cannot  be a desirable  feature.  The  results of this  study  support  previous  calls 
for  further  specification of allowable  steering  assembly  movements in other  than  longitudinal 
directions  (Fildes  et a1 1991). 
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4.4.10 Reduced  Side Impact Opportunities 

It  was  noted  earlier thar side  impacts  present a particularly  difficult  problem  for  secondary  crash 
protection as there  is  little  crushable  structure  available  between the occupant alld the  impacting 
vehicle or object.  Given the severe  limitations  therefore in providing  occupant  protection in 
these severe  crash  types,  perhaps  attention  also  needs to be  given to primary  safety  measures  to 
alleviate  side  impact  crash  opportunities.  This may be a  special  case  where an ounce of 
prevention  is  worth  much  more than a pound ofprotection. 

There  are  several  ways  of  reducing  the  likelihood of side  impacts on our  roads,  First, a  greater 
use of  roundabouts  and  staggered T illtersections will  minimise the opportunities for high  speed 
impacts  by  forcing  intersecting traffic to slow  down at intersections.  Second. the installation of 
traffic  signals at locations  with  high  incidence of side  impact  crashes  has been shown to be 
effective in  reducing  these  crashes.  There  is  a  growing  body of evidence  that  delllollstrates 
these  approaches  are  likely to haw considerable  impact  on  reducing  side  impact  crashes. 
Furthermore,  reducing  the  number of intersections (and in  particular  direct  access of local 
streets  onto  major  arterials)  will  reduce the exposure  opportunities  for  side  impacts.  Finally, the 
use of bridges or tunnels  in  the  planning and constrnction of new  roads  where traffic flow is 
essentially  cross-flow  will  also  remove the opportunity  for  these  severe  crashes  to  occur. 

4.5 A NEW SIDE IMPACT STANDARD FOR AUSTRALIA 

Australia  is the only  country  outside  North  America  to  have a side impact  standard.  Australian 
Design Rule ADR 29, which  effectively  took  on-board the early US FMVSS 214 standard. 
specifies  the  amount of intrusion  permissible  from  a  static  load  test,  resulting in side  impact 
beams  being  fitted  to  most  Australian  vehicles.  While  Cameron  (1980) was unable to show an); 
statistical  evidence  that ADR 29 reduced the risk of injury to front  seat  passengers. he 
nevertheless  recognised  that  limitations existed with the data  set  available at that rime.  Kahane 
i n  the US did manage to show  the benefits oftheir standard  using  a much larger  database.  The 
findings  from  this  study  of  crashed  vehicles:  however; clearly demonstrate  the  urgent  need  for 
further  improvements i n  side  impact  protection  for  Australian  passenger car  occupants. 

Chapter 2 reports on recent  developments  towards  inlproved  side  impact  standards  in  both  the 
U.S.A.and  Europe. It is  true  to  say  that recent events  in  these  two  regions ofthe world  have  not 
enhanced  the  development of an  effective  standard. The US have -birren flze bullet'' and 
regulated an improved FMVSS 213, encompassing  a  dynamic  crash test requirement  due to be 
introduced  in 100/0 of  new 1994 passenger  cars  (models that go on sale  in  September  1993). 
However,  there is grave  concern  expressed  by  some  researchers  in the US and  Europe that this 
standard  may not necessarily  lead  to the level of protection it seeks lo provide  because of 
inadequacies in the test  dummy, injury criteria. and  crash  configuration. 

On the other  hand, the Europeans  seem  less  able  to  agree on what  constitutes an acceptable 
alternative.  Wllile  their  EUROSID  test dunmy is claimed to be a more  effective  measure of 
occupant  trauma  than SID: implementation of a  European  standard seen~s to be some  way  off 
yet and is subject  to  on-going tests and debate  among  the  European  participants. This places 
Australia in a  difficult  position,  especially  with a need for all new ADR's to harmonise  with 
internationally  accepted  performance  standards. 

One  possibility for improved  occupant  protection  in  side  impacts  would  be  to  accept the US 
standard  in  its  present  form  as an immediate  Australian  requirement. It could  be  argued that 



most  overseas  manufacturers will be forced to meet this  standard in future  and, therefore, it 
constitutes  an  acceptable  regulation and will provide better protection tlyan 110 performance 
standard at all.  However,  this may unduly penalise  overseas  makers  who  choose to make RH 
drive  vehicles  that  meet the European standard only. 

Another  option then might  be  for  Australia  to accept either  standard for conqdiance  purposes, 
assuming  the  European  standard  is  ultimately  implemented as proposed. It would be expected 
that  manufacturers  will  find  ways  around  areas  of conflict between  the  two  standards  and  that 
ultimately  these  experiences will lead to additional  side impact improvements.  This  would  also 
ensure  that  Australia  is  not  locked into any one of these international  standards  should  either  be 
subsequently  shown to be  sub-optimal. 

In any  event, it would be worthwhile  determining  the likely benefits and costs if both regula- 
tions  were  to  apply  in  this  country.  Benefits  could  be  determined using a Harm reduction 
approach. although  many ofthe assumptions  map  need  to be “besl esfinzales’’ given  the  lack of 
injury  mitigation  data  and  documented  evaluation  studies.  Costs  would  be  even  more  difficult 
to  assess and could  require  modelling or crash testing various  alternative  design  improvements 
necessary to meet  these  standards. 

In the  meantime,  manufacturers  should  be  encouraged  to  improve  side  impact  protection for 
occupants in new vehicles by implementing some of the counter~neasmes discnssed  above 
where  appropriate for their  models. In addition  to  monitoring  this  progress,  the  government 
could  also  encourage  investment in road and traffic engineering  measures which have  been 
shown  to  be  cost  effective in reducing  the  incidence of side  impact  collisions. 
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The  inspection  procedure  for crashedvehiclesdivides naturally into six stages: ( 1) fully  identifying and 

(passenger  compartment)  damage, (4) reconstncting  the  injury mechanism, (5) compiling a photo- 
specifying the  damaged  vehicle, (2) describing the exterior body damage. (3) describing  the  interior 

graphic  record, and(6)  establishing  acomputer  database for  analysis. - 
The vehicle  type  is  specified (a) by  reference to  its external badges, number  plates, compliance  plate, 
manufacturer’s  plate,  emission  control  label,  chassis  number  and  registration  label  and  (b) by direct 
observation  ofthe  car body, engine,  undercarriage  and  interior. - 
Observations onthe  state of the doors and windows are generally  routine. The  two  main types ofglass 
(laminated  and  toughened)  shatter differently, the  fracture  pattern  thereby  enablingidentification. 
The  settingofabrokenside-window at impad(openorc1osed)isindicatedbyglassfraagmentsleRaro~d 
the window frame  and  by  the  location of the winder  mechanism within the door. Laminated  glass 
normally  reveals by its f?adurepattem  whetheritwasbrokenbydeformationofitsframeor  bypoint 
contact (eg. a  head or  hand); in the  case of toughened  glass it is  sometimes  necessary t o  search  for 
hair or skin fragments  around  the window frame, or other forensic  evidence, to help assign the  cause 
ofdamage. 
The  main  aims  ofthe  remaining  external  damage  observations  are  to  record (a) the direction  and area 
ofapplicationoftheimpadforce  and (b) the change in  shape (‘crush’) of the crashedvehicle, especially 
as would be seen from overhead. 
The region ofdirectcontact,such as metal-to-metal  contact betweentwocars,isusuallyindicatedby 
the  extent  ofcrush, by sharp  changes of shape of metallic  components, by the relatively  fine-grained 
texture of surface  damage (eg. to  sheet  metal  panels),  and similar considerations. 
The  direction of the  farce  applied  to the vehicle during  impact is often  reflected in the  residual 
deformation of structuralcomponentswithintheregionofdirectcontact.1nthecaseofanoffiet frontal, 
for  example, the  front  comer  making  metal-to-metal contact  with the  other  car may  be  crushed (a) 
directlyback, or(b)backandintotheenginecompartment,or (c) backand  totheoutsideoftheoriginal 
body line. Similarly, in the case of a side collision centre  don  the  passenger  compartment,  the B-pillar 
may be pushed directly  across the car,  or  across  the  car  with a  component  ofdeformation to  either the 
front or the back. This  type of observation provides a physical basis for the assignment of the  impact 
forcedirectiontotheclockface(ie.tothe nearest30deg.).Scratchlines,theoverallshapeofbodycrush 
and various  other  discernible features  may also be useful, however this  assessment  always requirea an 
element of judgment and an awareness of numerous complexities. 
The  change in  shape  from  original  ofthe  crashed vehicle is  sketched and  measured.  The  sketches are  
made over diagrams of a generic  sedan viewed from its four sides  and  overhead.  These  sketehes 
mutinelyinclude  thevehicle’spost-crash  shape,  the  area of direct contact anddirection of force, sheet 
metal buckling, secondary  impacts,  car body bowing, parts of the vehicle cut,  damaged or removed 
after the  crash,  scratch  lines,  and  notes  relevant to  the crash sequence or  to  the  interpretation of the 
photographicrecord. 
The  crash  damage  measurements  are  intended in part to  provide input  to the CRASH3 program  for 
calculating DELTA-V - thevehicle’s  change  ofvelocityduringimpact (NHTSA 1986). Thisinfluences 
themeasurementprocedureandformatinwhi~thedataisreaorded.Atypicalcasemightrunasfollows:- 
Thecarhassufferedfrontaldamage.Ahorizontal2mpolesupportedontwouprightsisalignedwiththe 
undamaged rear  bumper to  serve as a zero  reference line. A 5m measuring  tape is laid on the  ground 
alongside the  car  extending  from  the  rear  bumper  line  to (beyond) the  front  bumper. Readings are  then 

bumper  is  also  marked off on the  ground at this stage, this specification lengthhaving been determined 
taken  ofthe  rear  axle-line,  front d e - l i n e  and  the  front bumper corner. The original position ofthe  front 

from reference texts  carried on site.  Since  the  damage is severe,  readings  are  also taken ofthe A, B and 
C pillars,  the  dashboard  comer  and  the  steering wheel hub  in  order  to  help  subsequent  estimates of 
interior damage andinjury  mechanisms. All the  measurements on each side are  taken without  moving 
the  tape,  making it a one-person  operation  and minimizingmeasurementuncertainty. 
Thethree-pieceframeisthenmovedfromtherearofthecartotheoriginalfrontbumperposition,toserve 
nowasazeroreferencelineforfront-endcrush.Thecrushprofileisrecordedbysixmeasurementstaken 
atequaldistances(leRtoright)alongthedeformedsurfaceofthecar(i.e.crushismeasuredatsixpoints 



alongthecarthatwereequallyspacedbeforetheaccident).Thecrushprofileiscompletedbyrecording 
thewidthoftheoveralldamagefieldandofthedirectcontactsub-field,andbylocatingthesefieldswithin 
thedamagedside-inthiseasethefrontendofthecar.Thesemeasuresagainrefertopre-crashororiginal 
lengths.Forexample,ifthefront-endhasbeenreducedtoEO%ofitsoriginalwidthandwhollydamaged 
as  aresult  ofwrapping  around a pole, the damage field is  recorded as  the original  width.  Sometimes  this 
means that reference has to be made to  similar  undamaged  cars, to an undamaged section ofthe  same 
car, or to original  specifications. 
Finally, the damageis coded accordingto  the CollisionDeformation  Classification (SAE 5224 MAR80). 
The procedure  for aside  collisionvaries  slightly from the  frontal case. The zero  reference  line for the 
measurement  ofcrush is generally  directly  marked  offby  string or a 2m pole placed  across the  field 
ofdamage  andalignedat its ends  toundamaged sections ofthe  car  surface. For example,  a  damaged 
vehicle that  had  takenimpact to  its left doors might  have its crush profile taken  relative to a  string 
attached o r  aligned to  the left  side A and C  pillars.  This  method  largely  avoids the incorporation of 
the body structure 'bowing' into  the  crush profile. 
Thecase  ofamlloverorofother non-two-dimensional impactcannotbeanalysedbytheCMH3mode1, 
so measurements  are  made  as  the  case  dictates,  with  the  aim of having  as  accurate  passenger 
compartment  intrusion  information as possible. - 
A main  aim  oftheinternal  damage  observations  is to record the  change of shape  and  intrusions into the 
passenger  compartment.  Sketches  are  drawn over printed  diagrams of various views of a  generic 
passenger  compartment.  These  sketches  routinely  include (i) outlines  ofthevehicle's  internal  shape at  
mid, lower  and  upper  sections, (ii) identification of intruding components and  the magnitude  and 
direction of the  extent of intruslon. (iii) steenng wheel  movement, (iv) components  cut,  damaged or 
removedafter  impact, and (v)notesonitemsof special interest  orimportance.  Intrusion  magnitudes 
(and  other movements) areusually  estimated on site,usinga  tape measure, by eitherjudging original 
positionsorbycomparingmeasurements with asimilarundamagedcaroranundamagedsectionofthe 
same  car. 
Special attentionis given duringtheinternal damage inspection to the  steering assembly, seats and seat 
belts.Beyonda  routinedescription of these components (tilt column,  bucket seats,retractable  belts 
eteJtheseatsandseatbeltsarechecked formechanlcalorperformancefailure,andboththemovement 
of the  steering column relative  to ita mount at the  dashboard  and  the  deformation  ofthe  steeringwheel 
rim  are  measured. 

belt  system  that  has been  loaded  can  leave  a  variety of signs: 
One  important  task is to  ascertain  whether  the  seatbelts in the  car were in  use  during  the accident. A 

- The  surfaces  ofthe  tongue  (latchplate)  touching  the webbing  often appearto be scratched o r  
abradedina  mannernever occurring bynormalwear  andtear.  This  sign  variesfrom  beingbarely 
discernible  undermagnification to  beinggrosslyvisible a t  a  cursoryglance. 

- Similar  damage  may be observed on the D-ring typically  mounted on the  upper B-pillar. - The webbingwhichinuseliesinthevicinityofthe D-ringor  tongue  may be marked by scummy 
deposits, by discolouration,  by  a  change in surface  texture  andreflectivity  due to fibreflat- 
teningor  abrasion, o r  by fibre  damage  as  ifby  the  generation of surface  heat. 

- The  interior  trim down the B-pillar may be fractured o r  dislodged by the  tightening  and 
straightening  ofthe webbing  directed from the D-ring to  the  retractor. 

- Other  components  may  be  damaged by loading of theseat belt  system,  including  the  latch  and 
surroundingparts,  and  thewebbing andsurroundingpartsinthevicinityof the loweroutboard 

- Bloodandglassfragmentsorsimilarmaybepresentover thefull  length  ofthewebbing(orover 
anchor. 

only that  part of the webbing that is exposed while  fully retracted). 

during  rescue,  indicating that the rescue  team found it in use. 
Occasionally  useful circumstantial  evidenceis  available.  forexample,  the webbing mayhave beencut 

Sometimes  the  crash forces on a  belt  system  are not sufficient to leave any  discernible  signs. In practice 
this means  that it is  generally  easier to  prove (by  inspection) that a belt  was worn than to prove that 
i twas not. 

F 
The final part ofthe vehicle  inspection involves  reconstructinghow  the  occupant's  injuries occurred. 



ATT- 1 

Normal practice is to  obtain  the  injury  details before conducting the inspection.  This gives focus to the 
examination,  enablingmaximum confidence in the  reconstruction  to be built up 1n minimum  time. 
The  signs of occupant  contact can be extremely  subtle  and  the  mechanisms of injury  can be elusive  or 
complex -it helps  to know whether  one is searching  for  the  explanation of a  broken nose or of a broken 
ankle! 
As an  initial working  assumption,  the  direction of the occupant’s inertial movement relative  to the 
vehicle during  the  accident  sequence  may  be  assumed to  be opposite  to the  direction of the  applied 
impact force. Given the occupant’s seating position and likelihood of seat belt  use, this  suggests  where 
to look for signs of contact;  in  the  case of a left side  impact, for  example, one searches  initially  to the 
left of the  injured  occupant. A simple  aid  to  gaining  some  feel for the  situation  is to  sit in  the  same 
position as the  patient - if possible with  the  seat  belt  tensioned by the body to its position at  full load. 
Signs of occupant contact  vary  greatly:  clothingfibres,  strands of hair  and flakes of skin  can be found 
on the contactedcomponents;movement, damageordeformationofcomponents  around  the  carinterior 
may be plainly due to  forces originating from within  the  car  and  acting oppositely to  the direction of 
theimpact force; intrusion  may be so great as to  make  contact  inevitable; component surfaces  may 
be smeared,  brushed,  discoloured  or  abraded by the contact. 
Notesonthe  signs  ofoccupant  contact  are  recordedover  diagrams of a  generic vehicle interior,  with  the 
emphasis  heavily  on  injury-causing  contacts.  Ajudgment of confidence level is  also  assigned  to each 
suggestedcontactpoint. 
In  the  absence of specific  evidence, a degree  ofinference can be involved in  the  assignment of injury- 
causingcontact  points.  For  example, an unbelted  driver  might be known to  have  hit  his  head  on  the 
windscreen andhisknees on the lower dash, his bilateral  rib  fractures  are  then plausibly attributed to 
steering  wheelcontact,  even  though no  forensic evidenceor  rim deformation  is apparent.  This  typeof 
judgment,  to a greater o r  lesser  degree, runs through  the  reconstruction of  how some injuries occur. 
Onesituationofparticulardifficultyandfrequencyisthe caseofabelteddriversuf€eringsternumorrib 
fractures. It is not  always  easy to  distinguish  seat  belt  pressure from steering wheel contact as the 
injuring force. Routine  procedure in this case,  ifpossible, is to  line  up  the  belt webbing into its position 
offull load(as described  above) and to  measurethe distance fromthe  sternum to thesteeringwheel hub. 
If appropriate,  placing one’s knees  into a shatteredlower  dashboard  and  stretching one’s head  toward 
apointoflrnowncontactgivessomeimpressionofthelikelihoodofsteeringwheelcontact,alwaysbearing 
inmind theprobableroleofwebbingstretch,elasticreboundofthesteeringassembly, occupant’s height 
and weight, and  various  other  considerations. It  may be most  plausible, in this and  several  other 
common situations, to attribute  the  injury  to a  combination of forces. 
There are normally moreinjuries  that  injury-causing contact points. Itsavestimeatinspectionta have 

tooth and fractured  jaw, for example, probably arose  in  the  same way. These  injury  groups  are 
already  grouped the  injuries  accordingto  their likely common cause. The broken nose, cut lip, chipped 

transcribed from the  hospital  report  onto  apage  bearing  several views ofthehuman body; explanatory 
notes  on the origin and application offorces on the body likely to have  generated  these  injuries are then 
made as  part  ofthe  inspection process. 

After the field notes  are completed, around  twenty  to  thirty  photographs  are  taken of the crashed 
vehicle. An unexceptional  case has a rough  balance  between  interior  and  exterior  shots -unusual o r  
interestingfeaturesnaturdy draw  special  attention, - 
Much of theinformationgathered from the  patient kkview,injury description and vehicle inspection 
is converted  to  (mostly)  numeric code, generating  about 650-1000 characters on computer  for  each 
occupant (%endingon  the  numberofinjuries).  Information  such  as  name,  address  and  registration 
numberarrsPe~ficallynotincludedtoprotectconfidentiality.ThecodeismostlyderivedfmmtheNASS 
format (NHTSA 1989). 
The CRASH3 program isusedto compute  impact velocity fromresidualcrushmeasurements.Statistid 
analysis is undertakenon SPSS software. 



A I I A C H M K N T  2 .  

M O N A S H  U N I V E R S I T Y  

A U S T R A L I A  
- 

Dear. . . . . . . . . . . . . . . . . . . . . . . . . .  

The Accident  Research  Centre  at  Monash U n i v e r s i t y  i s  current ly   engaged 
i n  a s t u d y  of how well veh ic l e s   pe r fom i n  acc iden t s .   Th i s  work is  sponsored 
b y   t h e   F e d e r a l   O f f i c e   o f  Road Safety  and i s  a n   i q o r t a n t   s t u d y  aimed a t  making 
our   vehic les   and   roads  more s a f e .  

determine how v a r i o u s   p a r t s  of t he   veh ic l e  act i n   r e a l   a c c i d e n t s   a n d   c o n p a r e  
t h e s e   f i n d i n g s   w i t h   t h e  s o r t s  of i n ju r i e s   peop le   l i ke   your se l f   have   su f f e red  
as a r e s u l t   o f   t h e   c r a s h .  

This work r e q u i r e s  us t o  examine v e h i c l e s   i n v o l v e d   i n   r o a d   c r a s h e s   t o  

you  about the   c i rcumstances  of t h e   c r a s h   a n a   t o  see i f  you  can r e c a l l  which 
To do this, w e  need  your  co-operacion.  First, w e  would l i k e   t o   t a l k   t o  

p a r t s  of the   vehic le   caused   your   in jur ies .   This  w i l l  necessar i ly   involve  u s  
looking a t  y o u r   m e d i c a l   r e c o r d   f i l e   a t   t h i s   h o s p i t a l .  

a number of  photographs and  measurements  of t h e  damaged a r e a s .  we assure you 
t h a t  our work will n o t   i n t e r f e r e  w i t h  your v e h i c l e   i n   a n y  way whatsoever o r  
d e l a y   t h e   r e p a i r  of your  car. 

Second, w e  would l i k e  your  permission t o  i n s p e c t   t h e   v e h i c l e  and t o  make 

t r e a t e d  i n  strictest confidence. It w i l l  not  be p o s s i b l e  f o r  our  f i n d i n g s   t o  
The information w e  c o l l e c t  i s  f o r   r e s e a r c h  purposes o n l y  and w i l l  be 

be made ava i lab le   to   the   po l ice ,   insurance   companies ,  etc. a s   a l l   i d e n t i f y i n g  
l i n k s   t o  you, t h e   p a t i e n t ,  w i l l  be destroyed. We may a l s o   n e e d   t o  i n z p e c t  t h e  
o the r   veh ic l e   i nvo lved  i n  t h e   c o l l i s i o n   a s  w e l l  bu t   on ly   for   the   purpose   o f  
examining  the damage sustained i n  t h e  c rash .  we w i l l  n o t   s e e k   t o   p a r t i c i p a t e  
i n  any legal ac t ion   over  t h e  crash.  

A t  the   end   of   our   inves t iga t ions ,  w e  w i l l  condense a l l  t he   i nd iv idua l  
cases   of   information w e  have aeen  into  an anonymous set of  data  without names 
and  addresses .  Hence,  your c o n f i d e n t i a l i t y  is  fu r the r   s a fegua rded  here. A t  t h e  
end of  our   s tudy,  w e  w i l l  reporc t o  t h e  Government h ighl ight ing   aspec ts   o f  car 
des ign   tha t   might  require safety  improvements. 

de t a i l s   abou t   your   i n ju r i e s   and   i n spec t   your   veh ic l e .   P l ease   s ign  and d a t e  
t h i s  form i f  you are w i l l i n g   t o   p a r t i c i p a t e  i n  t h i s   impor t an t   s tudy .  

We have  enclosed a consent  form f o r  you t o   s i g n   a u t h o r i z i n g  us t o  o b t a i n  

I hope   tha t  you make a swif t   recovery   f rom  your   in jur ies   and   tha t  YOU 

w i l l  soon  be  fully  zecovered f r o m  the effects of   the  accident .  

Yours s i n c e r e l y ,  



A l T A C H M E N T  2 .  

CONSENT To BE I N T E R V I E W E D  

CONSENT t o   o f f i c e r s  of t h e  Monash University  Accident  Research 
Centre  interviewing m e  about t h e  circumstances of t he   co l l i s ion  I 
have recently been  involved i n  and consulting my medical  record. 

I have read through and understand t h i s  le t ter  and I HEREBY 

SIGNATURE 

PLEASE PRINT FULL NAME 

DATED THIS DAY OF 1989 

AUTHORIZATION TO INSPECT VEHICLC 

CONSENT t o  officers of the  Monash Universitv Accident  Research 
I have  read  through and understand t h i s  le t ter  and I HEREBY - 

Centre  inspecting my vehicle,  Make 
Registration N u m b e r  t o  examine the  vehicle and 
take measurements  and  photographs. 

SIGNATURE 

PLEASE PRINT FULL NAME 

DATED THIS DAY OF 1 9 8 9  



Yonash University  Accidenc  Research  Centre 
A T T A C H M E N T  2 .  

QCCUPANT SAF 
FEDERAL OFFICE OF ROAD SAFETY 

ETY PROJECT 

MUARC Case No.. . .  . . . . . . . . . .  HOSPITAL-UR No  ............... 

PATIENT DETAILS 

Patient ...................................................................... 
Addrass ...................................................................... 

.......................... Postc .............. Telepho na .................... 

V e h i c l e  Registration N ~ r . .  ................................................ 
Vehicle Omer ................................................................ 
Mdresa  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

................................................ Telephone .................... 
Insurance Company . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

OTBER VEHICLE DETAILS 

Driver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

M d r e a s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Telephone .................... 

Vehicle Registration N ~ r  .................................................. 

PARTICULARS OF TEE CRASH 

Location .................................................... Postco de . . . . . . . . .  

Date . . . . . . . . . . . . . . .  T. . . . . . . . . . . . . L i q  ht ................ Ueatber . . . . . . . . . . . . . .  

Police Station ................................ off icer NO . . . . . . . . . . . . . . . . . . . . .  

m u l a n c e  Type ................................... a s e  N o .  .................... 



Monash U n i v e r s i t y   A c c i d e n t  Research C e n t r e  A I I A C H M E N T  2 

PATIENT INFORMATION 

MUmC Case NO .............. HOSPITAL UR N o  ............... 
PATIENT DETAILS 

Rge ................ S e r  .................. Driving Experience ............... y rs 

weight ........... kgm E e i g h t  .............. cm Seating Pos'n .................. 

Other Occupants 1 ............................... outcome.. .................... 
z . . .  ............................ outcome.. .................... 
3 ............................... outcome..... ................. 

4 . . . . .  .......................... outc ome ...................... 

PATIENTS INXJFSES ( i n  o r d e r  of severity) 

1 .............................................................................. 
2 . .  ............................................................................ 
3 .............................................................................. 
4 . . . . . .  ........................................................................ 
5 . . . .  .......................................................................... 
6 . . . . .  ......................................................................... 
7."" ......................................................................... 
E . . . . . .  ........................................................................ 
g . . . . . .  ........................................................................ 
lo...... ....................................................................... 
11 ............................................................................. 
12 ............................................................................. 
P r i o r  Dlssbilitie. ........................................................... 
P l t i e U t ' s  Accoun+ of Injury Cauaes. . . . . .  ..................................... 
............................................................................ 
............................................................................ 
............................................................................ 
............................................................................ 
............................................................................. 
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PATIENT INJURIES 

NO. A . I . S .  SOURCE FINAL DIAGNOSES 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



Monash University Accident  Research Centre A T T A C H M E N T  2 

VEHICLE h CRASH DESCRIPTION 

MURRC Case No . . . . . . . . . . . . . .  HOSPITAL NO ............... 

PATIENT'S VERI- DETAILS 

nalce .................................................... year... .  ............. 
~ l . . . . .  ................................................................... 
Colour. ................................... D r i v e  Wheels.. ..................... 
P r e s e n t  Lacation ............................................................. 
..................................................... ~ e ~ .  ................... 

S e a t  Belt used Yes NO Eead Restraint F i t t e d  Yes NO 

Prior D a m a g s  ............................................. T r a i l e r  Yes No 

Your Speed a t  Crash . . . . . . . . . . . . .  !cm/h Other V e h i c l e  Speed ................ W h  

OTAER V E H I C L E  DETAILS 

~ k e  .................................................... Y e a r .  ................ 
.l ........................................................................ 
C o l o  ur .................................... D r i v e  Wheals.. ..................... 
No Occupants . . . . . . . . . . . . . . . . . .  gospitalis ed ................................... 
P r e s e n t  Lacation ............................................................. 

.................................................. T e l  .................... 

CRASR DES(3RIPTION 

P a t i e n t ' s   D e s c r i p t i o n  of C r a s h  ............................................... 
.......................................................................... 
............................................................................ 
............................................................................ 
............................................................................ 

C r a s h   D i a g r a m  Gtimatsd Impact Forca 
High Medlum fl Low 

0 Damage 
mb lrnpacr 

Rollover 0 On Arrival 

gty Removed fl Trapped 

X Initial 
Parient 
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I 
Indicate rho Location,  Lesion, Derail (size.  depth. fracture  type,  head  injury  clinical  signs  and  neurological  deficits),  and Source of all injuries  indlcared 
by omcitl sources lor lrom PAR or other unofficial sources if madical  records  and  interviewee  data are unavailable.) 

n n 



Monash University  Accident  Research Cen t re  A l l A C H M E N l  2 .  

OCCUPANT INJURY FORM 

CASE NUMBER PATIENT'S NAME 

HOSPITAL NUMBER UR NUMBER 

lecord below the actual injuries sustained by this occupant that were identified from the official and unofficial 
lata sources. Remember not to double  count  an injury  just because it was identified from fwo different sources. 
1 greater than twenty injuries have been  documented.  encode  the balance on the Occupant Injury Supplement. 

Source 
of Injury Body 

0.I.C.-A.1.S Injury 
Source Dirsctl 

Data Region Lpact Lesion  Organ  Severity  Source L e v s l  Injury  Intrusion No. 
System A.1.S Injury  Confidence lndiren  Occupant  Area 

In 5.- 6.- 7.- 

!nd 15.- 16.- 17.- 

lrd 25.- 26.-  27.- 

lth 35.- 36.- 37.- 

5th 45.- 46. - 47. - 
jth 55.- 56. - 57. - 
7th 65.- 66.- 67.- 

3th 75.-  76.- 77.- 

3th 85. - 86.- 87. - 
10th 95.-  96.-  97.- 

12.- 

22. - 
32. - 
42. - 
52. - 
62. - 
72. - 
82. - 
92. - 

102. - 
11th 105.- 106-107- 108.- 109- 110.- 111." 112.-  113.- 114." 

12th 115.- 116- 117- 118.- 119- 120.- 121." 122.-  123.- 124." 

131h 125.- 126- 127- 128.- 129- 130.- 131." 132.- 133. - 134." 

14th 135.- 136-137- 138.- 139- 140.- 141." 142.-  143.- 144." 

15th 145.- 146- 147- 148.- 149.- 150.- 151." 152.-  153.- 154." 

16th 155.- 156-157- 158.- 159- 160.- 161." 162.-  163.- 164." 

17th 165.- 166-167- 168.- 169- 170.- 171." 172.-  173.- 174." 

18th 175.- 176- 177- 178.- 179- 180.- 181." 182.-  183.- 184." 

19th 185.- 186-  187- 188.- 189- 190.- 191." 192.-  193.- 194." 

20th 195.- 196-  197- 198.- 199- 200.- 201.-- 202.- 203.- 204." 

Derived with a p p r e c i a t i o n  from t h e  National Accident  Sampling system, 
National   Highway h Safety Admin i s tra t ion ,  US Department of Transporta t ion .  



! 
OCCUPANT INJURY  CLASSIFICATION 



(2 A i l A C H M t N l  3 . 1  

1.  Prlmary  Sarnpllng Unlt Number " 

2.  Case  Number-Stratum "" 

3. Vehlcle Number " 

4. Vehicle Model Year 
Code  the  last two dlgits of the  model  year 
(991 Unknown 

" 

I 5. Vehicle Make (specify): " I 
Applicable  codes  are  founo In your 
NASS CDS Data  Collection,  Codtng,  ana 

1991 Unknown 
Editing Manual. 

6.  Vehicle Model  lspecifyl: -" 

Applcable codes a re   f auna  tn  your 
NASS C D S  Data  Collectlon.  Codlng, a n a  
Editing Manual. 
19991 Unknown 

7. Body Type 
Note  Applicable  codes  are  found on  
t h e  back of this  page. 

" 

8. Vehlcle Identification Number  

I """"""""_ I 
Let1 pstlfy:  Slash  zeros  and iener 2 (0 and Z j  

Unknown-Code ail " ,ne's  
No VIN-Code all zeros 

11. Police  Reponed  Alcohol or Drug Presence - 
I O )  Nelrher  aicohol nor  orugs  present 
11) Yes iatconol  presentl 
12) Yes idrugs  present1 
13) Yes ialccnot ana  drug5  presentl 
14) Yes ialcono, or drugs present-specifics 

17) Not reoo<ted 
unknown) 

13) No drlver  present 
191 Unknown 

12. Alwhol Test Result for  D r i v e r  - " 

Cade  actual  value  ideclmal  implied  before 
first dtgit-0.xx) 
195) Test refused 
196) None  gwen 
1971 AC test  petformea. results unknown 
1981 No drlver oresenl 
199) Unknown 

Source 

13.  Speed Limit 
!a01 No s l a u t o w  l i m t  
Code  postec o r  s:atutory speeo limit 
(991 Unknown 

" 

14.  Attempted  Awidance  Maneuver 
io01 No Nrnpatt 
io11 No avolaance  attlons 
1021 8raklng ( n o  lockup1 
I031 8raxlng  (lockup1 
1041 Braking (lockup  unknown1 
1051 Releasmg  brakes 
1061 Steerlng left 
107) Steerlng  right 
I081 Eraklng and  steerlng  lefr 
1091 Erakrng and  steerlng  rtght 
1101 Accelerating 
I111 Acceleraung  and  sreerlng  left 
1121 Accelerarlng  ana  steerlng rlght 
1381 Cthe:  action  ispetdvi 

" 

1391 Unknown 

15.  Acciaenr Type " 

Appilcable  codes may 3e  found o n  the back 
of  page  two oi  this iield form 
LOO1 No impact 
Code  the  number of the  diagram  that 
best  aescribes the  accident  clrcumstance 
i98) Other  accident  type  tspeclfy): 

3.39) Unknown 

9. Police Reponed Vehicle  Dtsposltion 
101 NOT towed  due to vehlcle  damage 
I l l  Towed due  to   vehicle   damage 
191 Unknown 

10. P o k e   R e p o n e d  Travel S p e e a  
" I 

Code IO the  nearest   mph INOTE 00 means  
less t h a n  0.5 mph)  
I971 96.5 mph  and  above 
1991 Unknown 

**++ STOP HERE IF GV07 DOES NOT EQUAL 01-49 '**+ 

HS Form 435 
1/86 



A T T A C H M E N T  3 

5. Driver Presence in  Vehicle 
(01 Driver  not present 
(1) Driver present 
(9)  Unknown 

~ 

7. Number of Occupants This Vehicle ” 

(00-96)  Code  actual  number of occupants 

(97) 97 or  more 
(991 Unknown 

for this vehicle 

8. Number of Occupant  Forms  Submitted __ 
9. Vehide  Curb  Weight 

-Code weight  to  nearest 

(000) Less than 50 pounds 
100 pounds. 

(135)  13,500 Ibs or more 
19991 Unknown 

Source: 

”, - 0 0 

!O. Vehicle Cargo  Weight 
-Code weight  to  nearest 

100 pounds. 
(00)  Less than  50  pounds 
(97)  9,650 Ibs or more 
(99)  Unknown 

” 0 0 

21. Towed Trailing  Unit 
(0) No towed uni t  
11) Yes-towed  tralling unlt  
191 Unknown 

22. Documentation of Trajectory Data 
for  This Vehicle 
(01 No 
(1) Yes 

23.  Post  Collision  Condition of  Tree or  Pole 
(for  Highest  Delta V )  
(0) Not  collision  (for  highest  delta V )  w!th 

tree or  pole 
(1)  Not  damaged 
(2 )  Crackedkheared 
(31 Tilted ~ 4 5  degrees 
(4) Tilted 245  degrees 
(5) Uprooted  tree 
(6) Separated  pole  from  base 
(7t Pole  replaced 
(8)  Other  (specify): 

(9)  Unknown 

- 

!4. Rollover 
( 0 )  No rollover /no  overturning) 

- I  
! 

( 1 )  Rollover, 1 ,  quarter  turn  only 
Rollover  (primarily  about  the  longitudinal axis) 

(2) Rollover, 2 quarter  turns 
(3) Rollover, 3 quarter  turns 
(4) Rollover. 4  or  more  quarter  turns  (specify): 

(5)  Rollover-end-over-end (i.e., primarlly 

(9) Rollover (overturnl,  details  unknown 
about  the  lateral  axis) 

25. Front  OverrideNnderride  (this  vehicle) - 
26. Rear  Overridelunderride  (this  vehicle) - 

(0)  No override/underride.  or 
not  an  end-to-end  impact 

Override (see specific CDC) 
(1)  1st CDC 
(2) 2nd CDC 
(31 Other nor automated CDC (specify): 

Underride (see specific CDC) 
(41 1st CDC 
(51 2nd CDC 
(61 Other  not  automated CDC (speclty) 

(71 Medium/heavy truck  override 
(9) Unknown 

Values: 10001-(359)  Code  actual value 
(997) Noncollision 
(998)  Impact wlth abject 
(9991 Unknown 

27. Heading  Angle  for  This Vehicle --- 
28. Heading  Angle  for  Other Vehicle --- 



Oelta V Calculated 
( 1 )  CRASH program-damage  only routine 
(2) CRASH program-damage and trajectory 

(3) Missing  vehicle  algorithm 
routine 

Delta V Not Calculated 
(4) At least one  vehicle  (which  may be this vehlcle) 

is beyond  the scope of an  acceptable  reconstruc- 
tion  program,  regardless of collision  condmons. 

(5) All vehicles within scope (COC applicable) of 
CRASH program  but one  of the  collision  con- 
ditions is beyond  the  scope of the CRASH pro- 
gram or other  acceptable  reconsfructlon  tech- 
niques,  regardless of adequacy of damage  data. 

(6) All vehicle  and collision conditions are within 
scope of one of the acceptable  reconstruction 
programs.  but  there  isinsufficient data avablable. 

National  Accident  Sampling System -Crashworthiness Data 

29. Basis for Total Delta V (Highest) 

I 
Secondary Highest 

-Nearest  mph - 
(NOTE: 00 means less than 
0.5 mph) 
(97) 96.5 rnph and  above 
(99) Unknown 

11. Longitudinal Component of + 
Dalta v "_ - 
-Nearest  mph - 
(NOTE: -00 means  greater  than 
-0.5 and less than + O S  mph) 
(1971 ~ 9 6 . 5  rnph and  above 
(- 99) Unknown 

+++ STOP HERE IF TI 

Svstem: General V e h d e  Form A 1  T A C H M E N 1  3 
~ 

Secondary Hig 

32. Lateral Component of Delta V " - 
+ 

-Nearest mph - 
(NOTE: -00 means greater  than 
-0.5 and less than + O S  mph) 
(-97) ~ 9 6 . 5  mph  and  above 
L 991 Unknown 

33. Energy  Absorption "" 

-Nearest 100 foot-lbs - 
(NOTE: 0000 means less than 50 Foot-Cbsl 
(9997)  999,650 foot-lbs or more 
(9999) Unknown 

34. Confidence  in  Reconstruction Program 
Results (for Highest Delta V) 
(0)  No reconstruction 
( 1 )  Collision fits  model-results  appear 

(2) Collision fits model-results  appear high 
(3) Collision fits model-results  appear low 
(4) Borderline  reconstruction-results 

reasonable 

appear  reasonable 

35. Type of Vehicle  Inspection 
(0)  No Inspection 
( 1 )  Complete  inspection 
(21 Pamal inspection  (specify): 

HE 
VEHICLE WAS NOT INSPECTED 

~ 

CDS APPLICABLE ++* 



A I  I A C H M t N l  3 . 0  

U S D e C n n r n e O l  a r r m w r n r n  
-1 H@Wor T d i c  Saky 
Clb.nl,tmtKl" 

NATIONAL  ACCIDENT  SAMPLING  SYSTEM 
CRASHWORTHINESS DATA SYSTEM 

Primary  Sampling Unit  Number __ 3. Vehicle Number " 

~~ ~~ 

N _________________ Model Year 

NOTES: Identify the  plane  at  which  the  C-measurements are taken  (e.g., at bumper,  above  bumper.  at sill. above 
S I I I ,  etc.) and  label  adjustments  (e.g..  free  space). 

Measure  and  document  on t h e  vehicle diagram the locatlon of mawmum  crush. 

Measure C1 to C6 from  driver  to  passenger  side in front or rear  impacts  and  rear  to  front In side 
impacts. 

Free space  value is defined  as the distance  between  the  baseline  and  the  original  body  contour  taken at 
the individual C locations. This  may  include  the  following:  bumper  lead,  bumper  taper,  side  protrusion, 
side  taper.  etc.  Record  the  value for each  C-measurement  and  maximum  crush. 



tional  Accident  Sampling  System-Crashworthiness  Data  System:  Exterior  Vehicle  Form 
A I  1 A C H M t N l  3 .  5 - 

TIRE-WHEEL  DAMAGE 
Rotatlon  physlcally b. Tire 
restricted  deflated 

RF - RF - 
LF - LF - 
R R -  - RR - 
LR - LR - 
(1) Yes (2) No (8) NA (91 Unk. 

lYPE OF TRANSMISSION 

Manual Automatic 

ORIGINAL  SPECIFICATIONS I WHEEL  STEER ANGLES 

Wheelbase I (For locxea front  wheels or 
dlsplaced  rear  axles  only) 

Overall Length 

Maximum  Width 

Curb  Weight 

Average Track 

Front  Overhang DRIVE WHEELS 

Rear Overhang FWD D AWD 4WD 

Engine  Size: cyl.'! displ.  Approximate 

Undeforrned  End  Width  Cargo Weight 

R F  2 -_ '  
L F  2 

R R  2 __ 
LR f 



A l T A C H M E N l  3 .  

CODES FOR OBJECT CONTACTED 

01.30-Vehicle Number 
Noncollision 

(31) Overturn-rollover 
(32) Fire or explosion 
(33) Jackknife 
(34) Other intraunit damage  (specify): 

(35) Noncollision injury 
(38) Other  noncoollision (specify): 

(39)  Noncollision-details unknown 
Collision with Fixed Object 

(41) Tree (54  inches in diameter) 
(42) Tree Is4 inches in diameter) 
( 4 3 )  Shrubbery or bush 
( 4 4 )  Embankment 

(45) Breakaway pole or post (any diameter) 

(50) Pole or post (54 inches in diameter) 
(51) Pole or post (>4 but 5 1 2  inches in 

(52) Pole or post 1>12 inches in diameter) 
(53) Pole or post (diameter unknown) 

(541 Concrete traffic barrier 
(55) Impact attenuator 
(56 )  Other traffic  barrler (specify): 

Nonbreakawav Pole or Post 

diameter) 

(57) Fence 
1561 Wall 
(59) Building 
(60) Ditch or Culvert 
(61) Ground 
(62) Fire hydrant 
(63) Curb 
( 6 4 1  Bridge 
( 6 8 1  Other fixed  object (specify): 

(69) Unknown fixed object 
Collision With Nonfixed object 

(71) Motor vehicle  not in transport 
(72) Pedestrian 
(73) Cyclist or cycle 
(74) Other nonmotorist or conveyance (specify): 

(751 Vehicle occupant 
(761 Animal 
(77) Train 
(78) Trailer. disconnected in transport 
(88) Other nonfixed objen  (specify): 

(89) Unknown nonfixed object 

(981 Other event (specify): 

(991 Unknown event or object 



4IGHEST DELTA "V" 

Accident 
Event 

Sequence  Object Direction Deformation or  Lateral or Lateral Damase  Deformation 
Numoer  Contacted of Force  Location  Location  Locatlon  Distributlon Enent  

(4) (5) 
Specific Specific 161 

11) 12) (3) Longitudinal Vertical Type of (7) 

Second  Highest Delta "V" 

12." 13." 14." 15. - 16. - 17. - 18. - 19." 

(The  crush profile for  the  damage  descrlbed in the CDC[s) above  should  be  documented 
i n  the  appropriate  space below. ALL MEASUREMENTS ARE I N  INCHES.) 

HIGHEST DELTA "V" 

20. 
L 

21. 22. + 
C l   c 2  c3 c5 C6 - D  

- 
- 

Second Hlghest  Delta '"4" 

23. 24. 
L C l  cz C4 c5 C6 - D  c3 

25. + - 

"_ " " " " " " "" 

I I 
26. Are CDCs Documented 

buf Not Coded on The 
Automated File - 
(01 No 
(1 I Yes 

27. Researcher's  Assessment 28. Original Wheelbase ____ 
of Vehicle  Disposition - 
( 0 )  Not towed due  to 

-Code to the 

vehicle  damage 
11) Towed due to 

vehlcle damaoe 

nearest 
tenth of an inch 

(99991 Unknown 

**'STOP  HERE IF THE CDS APPLICABLE*** 
VEHICLE WAS  NOT  TOWED (LE., GV09 = 0 OR 9) 



A I I A C H M E N l  3 . R  

r3 NATIONAL ACWENI SAMHMG SYSTEM 

"r". CRASHPC PROGRAM SUMMARY ili"d"amnol 

" 

CR*S(mOUTHlNESS DATA SVSTEM 

1 
entlfying Title 

" 

Primary 
Samplmg Unir 

"" 
""" " 

Cars No.-Srrarum Accndant Event 
Sequence NO. 

Dale (mm dd vvl 

RASHPC Vehicle Identification 

Vehicle-1 

Vehicle 2 
Y*W Make Model NGS 

Vsh. No. 

VEHICLE 1 VEillCLE 2 
ze - Size 
'eight + -+ - ____ Weight +-+- "" 

- - - - 
Curb Oscupant(4 Cargo Curb Occupant(rl Grgo 

DC 
30F 
tiffness 

_______ CDC " ___ PDOF "_ 
- Stiffness - 

3est and  Impact  Positions [ ]No, Go To Damage Information [ ]Yes 
VEHICLE 1 VEHICLE 2 

Rest Position 
X 

Rest Position 
X 

Y 
PSI 

Impact  Position 
X 

Y 
PSI 

Impact  Position 
-".- X 

Y Y _"._ 
PSI "_._ PSI 

Slip Angle 
_"._ _" Slip Angle "_ 

Sustained  Contact [ ]No [ ]Yes 

VEHICLE 1 
Skidding [ ]No ]Yes 

Skldding Stop Before Rest [ ] N o  [ ]Yes 
End-of-Skidding  Position 
X 
Y 

PSI "_._ 
Curved  Path [ I N 0  ]Yes 

Point on Path 
x Y 

Rotation  Direction [ ]None  [ ] CW [ ]CCW 
Rotatlon > 360' [ ] N o  [ ]Yes 

VEHICLE 2 
Skidding [ I N 0  ]Yes 

Skidding  Stop  Before  Rest [ 1 No [ ]Yes 
End-of-Skidding  Position 
X 
Y 
PSI 

"_._ 

Curved Path 
"-.- 
[ I N 0  [ l y e ~  

Rotation Direction [ ]None  [ 1CW [ ]cm 
x "_._ Y "-.- 

Point on Path 

Rotation 5 360" [ ] No [ ]Yes 

1/88 



National  Accident  Sampling  System-Crashworthiness Data System:CrashPC  Program  Summary 

Coefficient of Frlction . "_ 
Rollmg Resistance Option - 

Vehicle J Rolling  Resistance 

LF R F  

LR RR 

Vehicle 2 Rolling Resistance 

LF RF _ . _ _  
LR-." RR-." 

Trajectory  Data [ ] N o  [ ]Yes 
t f  No, Go To Damage Information 

Vehlcle 1 Sleer Angles 

LF ___ R F  ___ 
LR ___ R R  ___  

Vehicle 2 Steer Angles 

LF ___  R F  ___  
L R  ___ R R  ___  

Terrain  Boundary [ 1 No i 1 yes 

Fi rs t  Point 

X""." 

Second Polnt 

X""." 

VEHICLE 1 

Damage  Length 

Crush  Depths Cl"." 

c 2  
c3 
c 4  
c 5  
C6 

VEHICLE 2 

Damage Length. 

Crush  Depths c1 

cz ". " 

c3 
c4 "." 
c 5  
C6 

I Damage  Offset  - .~ _" ." Damage  Offset - - 

Model Year: The  Weight. CDC, Scene Data and  Damage  informarlon for 
Make: thls  vehicle should be  recorced  above. 
Model: 
VIN: 

Complete  and ATTACH the  appropriate  venicle  damage  sketch  and  dimensions to the Form 



. Basis for Total Delta V (Highest) - 
Delta V Calculated 
( I )  CRASH program-damage  only  rout ine 
12) CRASH program-damage  and  t ra lectory 

(3 )  Misslng  vehicle  algorithm 

Delta V Not Calculated 
(4) At least  one  vehicle  (which  may be this  vehicle) 

is beyond  the  scope of an  acceptable  reconstruc- 
tion program,  regardless of collision  conditions. 

( 5 )  All vehicles  wlthin  scope (CDC applicable) of 
CRASH program  but   one  of t h e  collision con- 
ditions is beyond  the  scope of t h e  CRASH pro- 
gram or other  acceptable  reconstruction  tech- 
niques,  regardless of adequacy  of damage  data .  

( 6 )  All vehicle  and  collision  conditions  are  within 
scope of one of  the  acceptable  reconstructlon 
programs,  but  thereisinsuificient  data  avallable. 

routme 

Secondary  Highest 

3. Total Delta V " 

- Nearest rnph - 
(NOTE: 00 m e a n s  less than  
0.5 mphl 
(97)  96.5  mph  and  above 
(99)  Unknown 

1. Longkudinal  Component of + 
Delta V "_ - 

-Nearest mph  - 
(NOTE. -00 means  greater   than 
-0.5 and less t h a n  -0.5 m p h )  
( ~ 9 7 )  r96.5 mph  and  above 
i _  99) Unknown 

Secondary Highest 
+ 

32. Lateral  Component of Delta V - "_ 
-Nearest  mph - 
(NOTE: -00 means  greater  than 

(x971 196.5 mph and above 
-0.5 and  less  than +0.5 mphl 

( _  99)  Unknown 

33. Energy  Absorption "-.-o 1 

__Nearest 100 foot-lbs - 

(9997)  999,650  foot-lbs or more 
(NOTE: 0000 means  less than 50 Foot-Lbs) 

(9999)  Unknown 

34. Confidence in Reconstruction  Program 
Results (for Highest  Delta V )  
(0) No  reconstruction 
( 1 )  Collision fits model-results  appear 

(21 Collision fits model-results  appear  high 
(31 Collision fits model-results  appear  low 
(4) Borderline  reconstruction-results 

reasonable 

appear  reasonable 

35. Type of Vehicle Inspection 
(01 No Inspection 
( 1 )  Complete  Inspection 
(21 Partlal  inspection  (speclfyl: 

*** STOP HERE IF THE CDS APPLICABLE *** 
VEHICLE WAS NOT INSPECTED 



" 



A I l A C H M E N l  3 . 1  

TOP Longitudinal 
VIEW 

LEFT SIDE 
VIEW 

Vertical e 

&. 
Longitudinal 

-.3 
Verlical 

INTRUDED 
COMPONENT 

LOCATION 

DIRECTION INTRUSION 

DOMINANT 

VALUE  VALUE 
OF COMPARISON - CRUSH lNTRUDED = INTRUSION 



ional Accident  Sampling  System  “Crashworfhiness  Data  System:  Interior  Vehicle Form A I  I A C H M E N l  3 . 1 3  

Note: If no  intrusions,  leave  variables IV 47-IV 86 blank. 

Location of Intruding  Magnitude  Crush 
Dominant 

Intrusion  Component of Intrusion  Direction 

1 s t  47 48 

2nd 51.- 52 

3rd 55 56 

4th 59 60 

5th 63 64 

6th 67- 68 

7th 71 72  

8th 75 76 

9th 79 80 

10th 83 84 

LOCATION OF INTRUSION 

Front  Seat 
I l l )  Left 
(12) Middle 
(131 Right 

Second  Seat  
(21) Left 
(221 Middie 
(23)  Right 

Third  Seat 
131) Left 
1321 Middle 
(331 Right 

Fourth  Seat 
(41) Left 
142) Middle 
(43) Right 

(98) Other  enclosed  area  (specibi 

(99) Unknown 

interior  Components 
(01) Steering  assembly 
102) Instrument  panel left 
103) Instrument  panel  center 
(041 Instrument  panei  rlght 
(051 Toe pan 
106) A-plilar 
(07) E-pillar 
(08) C-pillar 
(09) 0-pillar 
(101 Door  panel 
(1 1 )  Side  paneUkickpanel 
(12) Roof (or  convertible  top) 
(13) Roof side rail 
114) Windshield 
(75) Windshield  header 
(16) Window  frame 
I171 Floor pan 
118) Backlight header 
(191 Front s ea t  back 
1201 Second  seat  back 
(211 Third sea t  back 
(22) Fourth seat back 
1231 Fifth seat back 
(24) Seat  cushion 
1251 Back panei  or  door  surface 
(26)  Other  interior  comoonenr  (spec lfy): 

Exterior  Components 
(301 Hood 
(311 Outslde  surface of vehicle  lspecibl: 

1321 Other  exterlor  object In  the  environment 
Ispeclfyl: - 

(331 Unknown  exterior  object 

198) Intrusion of unilsted  cornponentls) 
(speclfv): 

!99) Unknown 

MAGNITUDE OF INTRUSION 
!.I) :- 1 Inch but  i 3 inches 
!ZI 2 3 inches  but i 6 inches 
13) 2 6 inches  but < :2  inches 
14) 5 12 inches  but i 18 inches 
15) Z 18 Inches  but < 24 inches 
(61 2 24 inches 
(91 Unrnawn 

DOMINANT CRUSH DIRECTION 
1 . 8 )  Vertical 
(2)  Longitudinal 
i31 Lateral 
191 Unknown 



A l l A C H M E N I  3 .  

STEERING COLUMN COLLAPSE A 
Srcenng Column Shear Modulc Movement 

SHEAR CAPSULE 

Lcfr - 
Right - V = - .. 

Direction and Magnirude of Srcering Column Movement 

m E . Exrruder 

E" 

STEERING COLUhlN  MOVEMENT 

Vcnlcal Movement Lateral Movement Longltudinal Movement 

Insrrumcnr Panel 

- -c 
" + 

COMPARISON VALUE - DAMAGED VALUE = MOVEMENT 

VERTICAL - - - 
LATERAL - - - 

LONGITUDINAL - - - 
STEERING RIWSPOKE DEFORMATION 

COMPARISON VALUE - DAMAGED  VALUE - DEFORMATION - 
- = 
- - - 



A I I A C H M E N T  3 . 1  

7. Steering  Column Tvpe 
I l l  Fixed column 
(21 l i l t  column 
(31 Telescoping  column 
(41 l i l t  and  telescoping  column 
181 Other  column  type  (specify): 

(91 Unknown 

. Steering Column Collapse  Due  to 
Occupant Loading 
__Code actual measured  rnovBment 
to  the nearest inch. S e e  mding  manual 
for measurement  techniquek). 
(00)  No movement.  compression.  or 

101-49) Actual measured  value 
(50)  50 inches or  greater 

Estimated  movement  from  observation 
(81) Less than 1 inch 
(82) ? 1 inch but < 2 inches 
(83) 2 2 inches  but < 4 inches 
(84) 2 4 inches  but < 6 Inches 
185) 2 6 inches  but < 8 inches 
(86)  Greater  than or equal  to 8 inches 

1971 Apparent  movement,  value 
undetermined or cannot 
be  measured or  estimated 

198) Nonspecified type  column 
(991 Unknown 

” 

collapse 

lirection And Magnitude of Steering 
olumn Movement 

9. V e r t i c a l  Movement 

0. Lateral Movement 

11. Longitudinal Movement 
Code  the  actual  measured  movement 
to  the  nearest Inch. See  Codlng  Manual 
for measurement  rechniquelsl 
( -  00) No Steering  column  movement 
1 r O l -  r 4 9 )  Actual measured  vaiue 
12 50)  50 inches or greater 

Estimated movement  from  obsewatlon 
(281 1 2 1 inch but < 3 inches 
( - 8 2 )  2 3 inches  but < 6 inches 
I, -83) t 6 inches  but c 12 Inches 
( ~ 8 4 ) ~  12  inches 

( 4 7 )  Apparent  movement > 1 inch but 

( 9 9 1  Unknown 
cannot  be  measured or estimaTed 

92. Steering  RidSpoka  Deformation - 
-Code actual measured 
deformation to the  nearest  inch. 
(0)  No steering rlm deformation 
(1.5) Actual measured  value 
(6) 6 inches or more 
( 8 )  Observed  deformation  cannot be measured 
191 Unknown 

13. Location of Steering  RimlSpoke 
Deformation ” 

(00) No steering rim deformation 

Quarter  Sections 
101) Section A 
(021 Section B 
(031 Section C 
!041 Sectlon D 

Half Sections 
(05) Upper half of rimispoke 
(05)  Lower half of rimlspoke 
107) Left half of rimispoke 
(08) Right half of rimispoke 

(09)  Complete  steering  wheel collaDse 
(101 Undetermined  location 

94. Odometer Reading ”“ 

m i l e s - C o d e  mileage to the 
naaran 1 . 0 0 0  miles 
(000) No oaometer 
(0011 Less  than 1.500 mlies 
(3001 299,500 miles  or  more 
(999)  Unknown 

95. Instrument  Panel  Damage  from 

(01 No 
Occupant  Contact - 
‘,11 Yes 
191 Unknown 

96. Knee Bolsters Deformed  from 
Occupant  Contan - 
( 0 )  No 
(1) Yes 
(81 Not present 
(9) Unknown 

97. Did Glove Compartment Door Open 
During Collisionls) - 
(01 No 
i, 1 ) Yes 
(81 Not present 
(91 Unknown 



National Accident Sampling  System-Crashworthiness Data System: Interior Vehicle Form 
A l l A C H M E N l  3 .  



. l i  

Body C o n f l d e n c e  
I n t e r i o r  Occupant Region 

Component 
Level of  

No. If 
Contact Contacted Known Known 

I f  Contact 
Supponlng Physical Evidence Point 

A 
E I 
C -  I 
D 
E 
E I 

G I I I i I 

I N 

,ONT 
1011 Wlndshleld 
1021 Mirror 
1031 Sunvisor 
1 0 4 1  Steering  wheel rim 
1051 Steering  wheel  hubhpoke 
1061 Steering wheel lcOmbinatlOn of 

1071 Steering  column.  transnlssmn 

lOEl Add on  equwmenr 1e.g..  CB. tape 

1091 tell  instrunen1  panel  and  beiow 
(101 Cenrer l n s w m e n l  Dane1 and below 
Ill1 Right metrument mnel and  below 
(121 Glove compartment door 
(131 Knee balslcr 
(141 Wmdshield  including one or mort 

of  the following: lront  header. A- 
ptllar. instrument panel. nrrror.or 
steerlng assembly  (drwer  %de only1 

1151 Wlndrhleid including one or  mow 
of the following. front  header. A- 
ptllar, 1ns1rumen1 panel. or mlrror 
lpasscnger %de onlyj 

1161 Other f ront  o b l m   I s p e c W  

codes 04 and 051 

selmor Iwer ,  other  attachment 

deck. air cond8uoncrl 

E F T  SIDE 
(201 Left  slde  interlor  surface.  excluding 

1211 Left side  hardware or armrest 
(221 Left A pillar 
i231 Le11 B pillar 
I241 Other left pillar (rpeclh.i: 

hardware or armrests 

1251 Le11 slde window glass  or  frame 

CODES FOR INTERIOR COMPONENTS 

(261 Left sioe window glass lncludlng 

frame. window sill, A.pdlar. E-p~llar. 
One or more of the followmg: 

or roo1 side rat1 
1271 Other left side oblecr  lspec~lyl 

1491 Other  Interlor  oblect Irpealyi: 

ROOF 
1501 Front header 
1511 Rear neader 
1521 Roof le11 slde rat1 
1531 Roof rlght sdde m i  
1 5 4 1  Roof or converuole top 

FLOOR 
156) Floor includmg toe pan 
157) Floor or console mountea 

transmlssmn lever, tncludmg 
console 

1581 Parimg  brake  hanole 
(591 Foot controls lncluolng parkmg 

brake 

R E A R  
( 5 4 )  Bacrlight (rcarwlndowl 
(611 Eacrlqht  storage rack. door.  etc. 
(62) Orher rear oblecr Ispeciiyl. 

CONFIDENCE LEVEL O F  
CONTACT  POINT 

til C e m n  
121 Probaole 
131 Possible 
141 Unknown 



A I T A C H M E N T  3~ 

OTES: Encode the data for each  applicable  front  seat  position.  The  attributes for the  variables  may  be  found 

Assessment Form. 
below. Restraint systems should  be  assessed  during  the  vehicle  inspection  then  coded On the  Occupant 

Left  Center Right 
F Availability 
I 
R Function 
S 
T Failure 

tutomatic  (Passive)  Restraint  System  Availability 

(0)  Not  equippedlnot  avallable 
(1) Airbag 
(2) Airbag disconnected  (specify): 

(3) Airbag  not  reinstalled 
10) 2 point  automatic  belts 
(5)  3 polnt  automatic  belts 
( 6 )  Automatic  belts  destroyed or rendered 

(9) Unknown 
inoperative 

Automatic  (Passive)  Restraint  Function 

( 0 )  Not equippedhot available 

Automatic Belt 
( 1 )  Automatic  belt in use 
(2) Automatic  belt  not In use 
(3) Automatic  belt use unknown 

Air Bag 
14) Airbag deployed during accident 
(51 Airbag deployed Inadvertently  just 

(6)  Deployed.  accident  sequence  undeterrnmed 
(71 Nondeployed 
( 8 )  Unknown if deoloved 
(9) Unknown 

prior to  accident 

Did Automatic  (Passive)  Restraint Fail 
(0)  Not equippedhot available 
(1) No 
( 2 )  Yes (specify): 
(9) Unknown 



M a n a l  Accident  Samolina  Svstem-Crashworthiness  Data  Svstem:  Interior  Vehicle  Form A l ' A C H f l E Y T  3 

,OTES: Encode  the  applicable  data for each seat position in the  vehicle.   The  anributes for the  variables m q  b e  
found below.  Restraint  systems  should  be  assessed  during  the  vehicle  inspecfion t h e n  coded  on  the 
Occupant  Assessment Form. 

If a child  safety seat is present ,   encode   the   da ta   on   the   back  of this  page. 

If the  vehicle  has  aufomat~c  restraints  available, encode the  appropriate  data on t h e  back of the previous 

Manual  (Active)  Belt  System  Availability 

(0) Not  avadable 
(1 I Belt removed/destroyed 
121 Shoulder  belt 
131 La2 belt 
14) Lap  and  shoulder belt 
15) Belt available - type  unknown 
181 Other  belt  ispeclfyl: 

191 Unknown 

Manual  (Active)  Belt System Use 

1001 None  used. not available.  or 
belt  rernoved/desfroyed 

101 I Inoperative (specify)' 

(021 Shoulder  belt 
(031 Lap  belt 
(041 Lap  and  shoulder belt 
(051 Belt used - type  unknown 

~~ 

(081 Other  belt  used  (spectfy): 

(121 Shoulder  belt   used  with chlld  safety  seat 
(131 Lap  belt  used  with  chlld  safety  seat 
(14) Lap  and  shoulder  belt  used  with  child  safety  seat 
1151 Belt used  with  chlld  safety  seat - type  unknown 
1181 Other  belt used with  child safety  seat   (specify):  

1991 Unknown i f  belt usea  

Manual  (Active)  Belt  Failure  Modes  During  Accident 

111 No rnanuai  belt  fallureist 
(01 No manual  belt  used or not  avallable 

[A] Torn  webbing  (stretched  webbing  not  included) 
121 Manual  belt  fallureis)  [encode all that  appiy  above1 

[E]  Broken  buckle or latchplate 
[Cl Upper   anchorage  separated 
[Dl Other   achorage  separated (specify): 

[E]  Broken  retractor 
[Fl Other  manual  belt  failure  ispeclfyl: 

19) Unknown 



E 

Vhen a child safety seat is present enter the occupant’s number in the first row  and complete the column 
,elow the occupant’s number using the codes listed below. Complete a column for each child safety seat present. 

Safety Seat 

I .  Type  of  Child Safety Seat 

( 0 )  No child safety seat 
(1) Infant seat 
(2) Toddler seat 
(3) Convertible seat 
i41 Booster seat 
(7) Other type child safety  seat  (specify): 

(8) Unknown  child safety seat type 
(9) Unknown if child safety  seat used 

2. Child Safety Sear Orientation 

(00) No child safety seat 
Designed for Rear Facing  for This AgelWeight 
IO1 1 Rear facing 
102) Forward facing 
(03) Other orientation (specify): 

(04) Unknown orientation 

Designed for Forward  Faclng  for This AgelWeight 
(1 1)  Rear facing 
(12) Forward facing 
(18) Other orientation (specify): 

(19) Unknown orientation 

Weight. or Unknown  AgeNVeight 
Unknown Design or Orientation  for This Age1 

(21) Rear facing 
(22) Forward facing 
(28) Other orientation (specify): 

(29) Unknown orientation 

(991 Unknown if child safety seat  used 

3. Child Safely Seat Harness Usage 

1. Child Safety  Seat Shield Usage 

5. Child Safety  Seat Tether Usage 
Note: Options  Below Are Used  for  Variables 3-5. 

(00) No child safety seat 

Not Designed with Harness/Shield/Tether 
101) After  market harnesslshieldltether 

(02) After  market harnesslshieldltether used 
(03) Child safety seat used, but no after market 

(09) Unknown I f  harnesslshield/tether 
harnesslshieldltether added 

added or used 
Designed with Harness/Shield/Tether 
(11) Harnesslshieldltether not used 
(12) Harnesslshieldltether used 
(19) Unknown if harnesslshieldltether used 

Unknown if Designed with Harness/Shield/Tether 
(21 1 Harness/shield/rether not used 
(22) Harness/shieldltether used 
(29) Unknown if harness/shield/tether used 

(99) Unknown if child safety seat used 

added. not used 

6. Child Safety Seat Make/Model 
(Speciv rnakelrnodel and occupant  number) 



IOTES: Encode the  applicable data  for  each  seat  position in t h e  vehicle. T h e  attributes for these variables  may 

assessed  during the  vehicle  inspection  then  coded on the  Occupant  Assessment Form. 
be found  at  the  bottom  of  the  page. Head restraint typeidamage  and  seat typelperformance  should  be 

I I Left Center Right 
F ' Head Aestralnt TypeiDamage 
I 
k Seat Type 
< - 
T Seat Performance 
S 
E Head Restraint  TypeiDarnage 
C 
0 
N 

Seat Type 

n Seat  Performance 

T Head Restraint  TypeiDamage 
H 

I Seat Type 

D Seat  Performance 
0 Head Restraint  TypeiDamage 

R 

T 
H Seat TvDe 
E 
R Seat  Performance 

l I I . .  

I 

(091 Other seal t y p e  1rpcc~h.i: 
I991 Unknown (91 Unknown 

DESCRIBE ANY INDICATION OF ABNORMAL  OCCUPANT  POSTURE { I . € .  UNUSUAL  OCCUPANT 
CONTACT  PATTERN) 



ompiete t h e  following if the  researcher  has  any  indications  that   an  occupant  was  either ejected from or entrapped 
, the  vehicle.  Code  the  aoorooriate  data on the  Occuoant  Assessment  form. 

JECTlON No [. ] Yes [ 1 
escribe  indications of ejection and body  parts  involved in partial  eiectionisl: 

E'ection 

Ejection  Area 

ijection 
(1) Complete  ejection 
(2) Partlal  ejectlon 
(31 Ejection.  unknown  degree 
(91 Unknown 

ijection  Area 
(11 Windshield 
(2) Left f ront  
(3)  Right front 
(4) Left rear 
(5) Right rear 

(7) Roof 
(81 Other   a rea   1e .g . .   back  of 

pickup,  etc.)  ispeclfyl: 

(9) Unknown 

Ejection  Medium 
(1) Doorihatchitailgate 
(21 Nonfixed roof structure 
(3)  Fixed glazlng 
(dl Nonfixed  glazlng  (speclfyl 

( 6 )  Rear 

ENTRAPMENT No[ ] Yes[  ] 

(5)  Integral  structure 
(81 Other  medium (specify): 

191 Unknown 

Medium  Status  (Immediately Priol 
to Impact) 

(1) Open 
12) Closed 
(3)  Integral  structure 
(91 Unknown 

Describe  entrapment  mechanism: 

Componentls): 

(Note in vehicle  interior  diagram) 
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