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1 .0 l  NTRODUCT l ON 

Th is  r e p o r t  covers t he  second phase of  a  two-phase e f f o r t .  The 

f i r s t  phase addressed s ide  impacts o f  passenger cars ,  and was based on 

da ta  from the  Fa ta l  Accident Report ing System (FARS) operated by t he  

Nat iona l  Highway T r a f f i c  Safety Admin is t ra t ion  (NHTSA) and from the  

Nat iona l  Crash Seve r i t y  Study (NCSS) . l  The second phase i s  an 

extens ion o f  t he  p r i o r  e f f o r t .  While t h i s  r e p o r t  i s  complete and s e l f -  

contained, i t s  g rea tes t  va lue  i s  as an extension or  companion o f  the  

e a r l i e r  work, and i t  should be in t roduced and exp la ined i n  t h a t  con tex t ,  

The f i r s t  phase covered on1 y  passenger cars  and was i ntended t o  

descr ibe  t he  phenomena o f  s ide  impacts w i t h  regard t o  when, where, and 

how they occur,  and t o  some ex ten t  t o  examine the  consequences t o  t he  

occupants. FARS da ta  f o r  1979 and da ta  from the f i r s t  phase o f  t he  NCSS 

p ro j ec t - - co l  l e c ted  from January 1, 1977 t o  March 31, 1978--were used. 

Case ma te r i a l  f o r  t h a t  phase o f  the  NCSS program was l i m i t e d  t o  

passenger cars.  The i n j u r y  data contained a r a the r  l a rge  p ropo r t i on  o f  

m iss ing  data,  and f o r  t h i s  reason s t a t i s t i c a l  d e s c r i p t i o n  o f  the causes 

o f  i n j u r y  i n  s ide  impacts were no t  presented. 

The F A R S  da ta  are nea r l y  a census o f  a l l  U.S. f a t a l  t r a f f i c  

acc idents ,  and as a  census, they present  no i n f e r e n t i a l  problems. The 

FARS data, a l though extremely va luable ,  do have two l i m i t a t i o n s ,  

Because o f  p r a c t i c a l  cons t ra i n t s  i n  such a l a rge  mass-data c o l l e c t i o n ,  

the l eve l  o f  d e t a i l  i s  r e s t r i c t e d .  Since the data a re  conf ined t o  f a t a l  

acc idents ,  r a t e s  which r e l a t e  t o  a  broader spectrum o f  accidents,  e.g., 

f a t a l i t y  r a t e s  among e jectees,  cannot be computed. The NCSS data,  on 

the other hand, r e s u l t  from in-depth i nves t i ga t i ons  t h a t  p rov i de  

cons iderab le  d e t a i l  on each case. Furthermore, the  cases represent  a 

sample o f  the broad spectrum o f  towaway acc idents .  Although t he  

l f tober t  E .  Sco t t ,  James OIDay,  Wendell Young, Side Impacts o f  
Passenser Cars: An Analys is  o f  FARS and N C S S  data,  Highway Safety  
Research I n s t i t u t e ,  The U n i v e r s i t y  o f  Michigan, Report No. UM- 
HSRI-81-20, A p r i l  1981. 



judgement sample i s  intended t o  p rov ide  a  represen ta t ion  o f  the  mix o f  

urban/ rura l  acc idents  o f  the  U.S., i t  can on ly  be considered as a 

surrogate f o r  the  na t i ona l  popu la t ion  o f  towaway acc idents  w i t h  some 

reserva t ion .  The problems o f  drawing in ferences from the N C S S  data a re  

discussed i n  depth i n  a  r e p o r t  t o  the NHTSA.Z 

With the  beginn ing o f  the second phase o f  the  NCSS program, which 

ran  from Apr i 1 1 ,  1978 through March 1979, two changes t o  the data 

c o l l e c t i o n  p ro toco l  were in t roduced which p rov i de  much o f  the  bas is  f o r  

the  e f f o r t  repor ted  here. The case v e h i c l e  c r i t e r i a  were broadened t o  

inc lude  l i g h t  t r ucks ,  thus p rov i d i ng  quas i -na t iona l  data f rom in-depth 

i n v e s t i g a t i o n s  on l i g h t  t rucks  f o r  t he  f i r s t  t ime . j  I n  add i t i on ,  a  

p ro toco l  was in t roduced t o  c o l l e c t  d e t a i l e d  da ta  on i n t r u s i o n  i n t o  the  

passenger compartment w i t h  a  coding s t r u c t u r e  t h a t  prov ides l i n k s  

between the  i n t r us i on - i nduc ing  impacts and the  i n t r u s i o n ,  and i n  t u r n  

between the i n t r u s i o n s  and any consequent ia l  i n j u r y .  Phase two o f  the  

NCSS program and the  data emanating from i t  w i l l  be denoted i n  t h i s  

r e p o r t  as NCSSZ .  

The study repor ted  here has th ree  ob jec t i ves ,  a l l  c l o s e l y  r e l a t e d  

t o  the changes in t roduced i n  NCSS. These are:  

(1) Es t imat ing  the  frequency and desc r i b i ng  the s e v e r i t y  o f  s i d e  

impacts i n t o  l i g h t  t r ucks  us ing  da ta  from F A R S  and NCSS2 

( 2 )  Evaluate the  c o n t r i b u t i o n  t o  i n j u r y  o f  i n t r u s i o n s  i n t o  the  

passenger compartment 

(3) Examine i n j u r y  causat ion i n  s ide- impact crashes. 

The study o f  l i g h t - t r u c k  s ide  impacts p a r a l l e l s  t h a t  o f  passenger 

cars  i n  the f i r s t  phase o f  t he  program. The impacts a re  descr ibed w i t h  

=Gimotty,  P. A., K .  L. Campbell, T.  Chirachavala, 0. Carsten, and 
J. O'Day, s t a t i s t i c a l  Analys is  o f  the Na t iona l  Crash Seve r i t y  Study 
Data, F i na l  Report, HSRI, The U n i v e r s i t y  o f  Michigan. Report No. UM- 
H S R I  -80-38, Sponsored by the Nat iona l  Highway T r a f f i c  Safety  
Admin is t ra t ion ,  Cont ract  No. DOT-HS-8-01944. 

3Data from m u l t i - d i s c i p l i n a r y  teams from across the  count ry  have 
been a v a i l a b l e  f o r  many years, bu t  t h e i r  case-se lec t ion  c r i t e r i a  were 
no t  intended t o  p rov ide  a  sample r ep resen ta t i ve  o f  any i d e n t i f i a b l e  
popu la t ion .  



respec t  t o  where and how they occurred, and t he  consequences t o  the 

occupants. S ide impacts a re  compared t o  o ther  l i g h t - t r u c k  involvements 

across a v a r i e t y  o f  va r i ab l es ,  then s i ng le - veh i c l e  and m u l t i - v e h i c l e  

s i d e  impacts a re  compared. F i n a l l y ,  consequent ia l  i n j u r i e s  t o  the 

occupants a re  examined. 

Accident researchers have long assumed t h a t  i n t r u s i o n  i n t o  the  

passenger compartment, or r educ t i on  i n  the  s i z e  o f  the compartment, 

g r e a t l y  increases the l i k e l i h o o d  o f  s i g n i f i c a n t  or  dangerous i n j u r y .  

Whi le bo th  i n t r u s i o n  and i n j u r y  increase w i t h  impact s e v e r i t y  and a re  

thus co r re l a ted ,  i t  has been w ide ly  he ld  t h a t  i n t r u s i o n  i s  dangerous per 

se. Accident i n v e s t i g a t i o n  forms f o r  documenting i n t r u s i o n  i n  d e t a i l  

and p r o v i d i n g  means f o r  l i n k i n g  i n d i v i d u a l  i n t r u s i o n s  and i n j u r y  were 

in t roduced i n  NCSS2 s p e c i f i c a l l y  t o  a l l o w  examination o f  these 

hypotheses. The second o b j e c t i v e ,  then, i s  t o  use the  NCSSZ data t o  

study i n j u r y  from i n t r u s i o n  i n  s i de  impacts i n  bo th  l i g h t  t r ucks  and 

passenger cars .  

I t  was noted i n  the  r e p o r t  on s i d e  impacts o f  passenger cars  t h a t  

i d e n t i f i c a t i o n  o f  in ju ry -p roduc ing  con tac ts  by occupants was no t  

p o s s i b l e  because o f  the  r e l a t i v e l y  l a rge  p r o p o r t i o n  o f  m iss ing  data on 

i n d i v i d u a l  i n j u r i e s .  I t  was hoped t h a t  the m iss ing  data r a t e  on i n j u r y  

and assoc ia ted  contacts  would be s u b s t a n t i a l l y  lower i n  t he  NCSS2 data.  

The t h i r d  o b j e c t i v e  was inc luded i n  t h i s  s tudy f o r  t h a t  reason. While 

the m iss ing  da ta  r a t e  d i d  improve, i t  was s t i l l  s u b s t a n t i a l  i n  NCSS2; 

p a r t i c u l a r l y  among the ser ious  i n j u r i e s ,  those o f  p r imary  i n t e r e s t .  

Consequently, t he  d e s c r i p t i o n  o f  i n j u r y  causat ion presented here i s  

based on bo th  N C S S l  and NCSS2 da ta  sets .  Poo l ing  the data increases the  

amount o f  da ta  a v a i l a b l e  and t h i s  i s  o f  va lue.  I t  must be noted 

however, t h a t  inferences drawn from the data a re  sub jec t  t o  e r r o r  from 

any b i a s  t h a t  may e x i s t  i n  the  m iss ing  data.  Pool ing the  two data se ts  

does no t  ame l io ra te  the e f f e c t s  o f  such b i a s .  The s u b s t a n t i a l  miss ing 

i n j u r y  da ta  a l s o  l i m i t  t he  u t i l i t y  of the l i n k  between i n t r u s i o n s  and 

assoc ia ted i n j u r y .  Consequently, the  va lue  o f  the d e t a i l e d  i n t r u s i o n  

da ta  i s  a l s o  l i m i t e d  t o  some ex ten t .  



A number o f  terms and convent ions used i n  the  study should be 

explained as w e l l  as c h a r a c t e r i s t i c s  o f  some o f  t he  v a r i a b l e s  i n  t h e  two 

data sets .  

The l i g h t  t rucks  as used i n  t h i s  s tudy i nc l ude  p ickup t r ucks ,  smal l  

vans, and l a rge  s t a t i o n  wagons based on l i g h t  t r uck  chass is .  

I d e n t i f i c a t i o n  o f  these types of  v e h i c l e s  i s  poss ib l e  i n  bo th  t he  F A R S  

and NCSS2 data.  Pickup cars are excluded from the  ma te r i a l  us i ng  NCSS2 

data. These veh i c l es  can no t  be i d e n t i f i e d  i n  the  F A R S  data,  so they 

may we l l  be inc luded w i t h  pickups. 

Side-impacted veh ic les  i n  the  F A R S  da ta  a re  i d e n t i f i e d  as those 

w i t h  " p r i n c i p a l "  damage i n  the side--coded as 2-4 o r  8-10 o ' c l o c k  i n  the  

F A R S  r epo r t s .  Th i s  use of c lock d i r e c t i o n  should no t  be confused w i t h  

the d i rec t ion -o f - impac t  f o r c e  used i n  the  C o l l i s i o n  Deformat ion 

C l a s s i f i c a t i o n  (CDC). As used i n  FARS,  the codes r e f e r  n o t  t o  

d i r e c t i o n ,  b u t  t o  the l o c a t i o n  o f  damage on t he  v e h i c l e  as viewed from 

above, w i t h  12  o ' c l o c k  i n d i c a t i n g  the  f r o n t  and 6 o ' c l o c k  t he  rea r .  

Codes 1 ,  5 ,  7, and 11 denote the  corners .  Major t abu la t i ons  a re  made 

on ly  o f  side-impacted veh ic les  i n  which a t  l e a s t  one f a t a l i t y  occurred. 

Vehic les which a l s o  r o l l e d  over were excluded. Since the  FARS da ta  a re  

a  ve ry  b iased sample o f  n o n - f a t a l l y  i n j u r e d  occupants, a l l  occupant 

counts from the  FARS data i nc l ude  on l y  f a t a l i t i e s  un less o therw ise  

ind icated.  Although the same coding scheme i s  no t  used i n  t he  NCSS 

data, a  s e l e c t i o n  process was dev ised which i s  be l i eved  t o  be n e a r l y  

equiva lent .  Up t o  two C o l l i s i o n  Deformat ion C l a s s i f i c a t i o n  (CDC) codes 

may be assigned t o  a  veh i c l e  i n  the  NCSS, i n  order  o f  s e v e r i t y  o f  damage 

t o  the  ca r .  The subset chosen f o r  a n a l y s i s  here inc ludes a l l  cases 

coded " r i g h t "  o r  " l e f t "  on the  f i r s t  l e t t e r  o f  e i t h e r  CDC,  as long as 

t h a t  CDC represents  the f i r s t  ch rono log ica l  crash event.  Cases 

i d e n t i f i e d  as r o l l o v e r  by the CDC have been excluded. 

Occupant exposure t o  impacted sur faces,  as e i t h e r  near-s ide or  f a r -  

s ide impacts, has been der i ved  from the "s ide  s t ruck"  and "seated 

loca t ion ' '  codes. Center-seated occupants a re  c l a s s i f i e d  as near -s ide  i f  

there were no in te rven ing  occupants between them and the s i de  impacted, 

otherwise they a re  t rea ted  as f a r - s i de .  Th i s  convent ion i s  used f o r  

both F A R S  and NCSS data sets .  



I n j u r i e s  a r e  coded i n  NCSS u s i n g  t h e  Occupant I n j u r y  C l a s s i f i c a t i o n  

(OIC) scheme i n  c o n j u n c t i o n  w i t h  t h e  Abbrev ia ted  I n j u r y  Sca le  (AIS) ,' 
and by  a  separa te  s e v e r i t y  c l a s s i f i c a t i o n  ( F a t a l ,  H o s p i t a l  i zed,  Treated 

and Released, e t c . ) .  NHTSA has d e r i v e d  a  s e r i e s  o f  dichotomous i n j u r y  

codes s p l i t  a t  d i f f e r e n t  l e v e l s  (e.g., AIS 0-2, 3-6, and AIS 0-3, 4-6) .  

These v a r i a b l e s  were based on t h e  o v e r a l l  AIS (OAIS) when ava i  l a b l e ,  o r  

o t h e r  i tems when the  OAIS was unknown. T h i s  p e r m i t s  recovery  o f  a  

s u b s t a n t i a l  number o f  cases i n  wh ich  i n j u r y  was n o t  comp le te l y  r e p o r t e d  

i n  t h e  NCSS data,  and thus  r e l i e v e s  some o f  t h e  l i m i t a t i o n s  on t h e  use 

o f  t h e  o r i g i n a l  AIS v a r i a b l e ,  b u t  w i t h o u t  p r o v i d i n g  occupant c o n t a c t  

i n f o r m a t i o n .  The dichotomous v a r i a b l e  g i v i n g  i n j u r y  o f  A I S  4-6 ( w i t h  

f a t a l i t i e s  inc luded)  i s  used as t h e  p r i m a r y  i n j u r y  v a r i a b l e  i n  t h e  s tudy 

of l i g h t - t r u c k  involvements f o r  two reasons. The m iss ing -da ta  r a t e  i s  

much lower i n  t h i s  v a r i a b l e  than i n  t h e  o t h e r  dichotomous v a r i a b l e s  

(4.3% compared w i t h  17.6% f o r  t h e  o t h e r s ) .  I n  a d d i t i o n ,  t h e  t h r e s h o l d  

between AIS 3 and AIS 4  i n j u r i e s  t o  t h e  chest  was proposed as an 

a p p r o p r i a t e  performance c r i t e r i a  f o r  passenger ca rs ,  l i g h t  t r u c k s ,  and 

m u l t i p u r p o s e  passenger v e h i c l e s  i n  t h e  advance n o t i c e  o f  proposed 

ru lemaking. '  

One o f  t h e  parameters determined f o r  v e h i c l e s  i n  t h e  NCSS study i s  

t he  change o f  v e l o c i t y  d u r i n g  impact, d e l t a - v .  T h i s  q u a n t i t y  was 

computed f rom d e s c r i p t i o n s  o f  t h e  damage t o  t h e  v e h i c l e  o r  v e h i c l e s  

u s i n g  t h e  CRASH2 a l g o r  i thm. A 1  though an o b j e c t i v e  measure o f  c rash 

s e v e r i t y  would be d e s i r a b l e  f o r  t h e  ana lyses presented here, 

p a r t i c u l a r l y  f o r  t he  s tudy  o f  i n t r u s i o n  and i n j u r y ,  d e l t a - v  was n o t  

used. I t  i s  n o t  used i n  t h e  genera l  s tudy  o f  l i g h t - t r u c k  s i d e  impacts 

because the  f o r c e - d e f l e c t i o n  c o e f f i c i e n t s  used t o  r e p r e s e n t  p i ckups  i n  

t h e  a l g o r i t h m  were those o r i g i n a l l y  d e r i v e d  f o r  f u l l - s i z e d  passenger 

cars .  T h e i r  v a l i d i t y  f o r  s i d e  impacts i n t o  p i ckups  i s  ques t i onab le .  

'Marsh, J. C .  " V e h i c l e  Occupant I n j u r y  C l a s s i f i c a t i o n , "  HIT-Lab 
Reports,  Vol . 4, No. 1,  September 1973, pp. 1 - 1  1. 

=The Abbrev ia ted I n j u r y  Sca le  (AIS) - 1976 Rev is ion .  American 
A s s o c i a t i o n  f o r  Automot ive Medic ine ,  1976. 5 3 p .  

6Docket No. 79-04, N o t i c e  1 ,  Federal  R e g i s t e r ,  Vo l .  44, No. 236, 
December 6, 1976, p. 70207. 



With l a t e r  a v a i l a b i l i t y  o f  ac tua l  c rash data, NHTSA has mod i f ied  the 

c o e f f i c i e n t s ,  a t  l e a s t  f o r  f r o n t a l  and rear  impacts. These changes were 

no t  made u n t i l  a f t e r  the NCSS da ta  c o l l e c t i o n .  S e v e r i t y  as measured by 

d e l t a - v  was not  used as a  c o n t r o l  v a r i a b l e  i n  the  i n t r u s i o n  study 

because de l t a - v  i s  determined p r i m a r i l y  by the depth o f  crush o f  the 

ex te rna l  surfaces o f  the veh i c l e .  The depth o f  c rush i s  so c l o s e l y  

assoc ia ted w i t h  the  amount o f  i n t r u s i o n  t h a t  i t  becomes e s s e n t i a l l y  a  

su r roga te  f o r  i n t r u s i o n ,  not  an independent measure o f  s e v e r i t y .  

The o rgan i za t i on  o f  the remainder o f  t h i s  r e p o r t  i s  as f o l l ows .  

Sec t ion  2.0 con ta ins  a  summary w i t h  the  p r i n c i p a l  f i nd i ngs ,  and the 

conc lus ions.  Sect ion 3.0 conta ins t he  d e s c r i p t i o n  o f  l i g h t - t r u c k  s ide  

impacts w i t h  i n j u r y  in format ion.  A case summary o f  each case i n v o l v i n g  

se r ious  i n j u r y  i n  the  NCSSZ data i s  g iven  i n  Appendix A .  An examination 

o f  s ide- impact i n t r u s i o n s  and assoc ia ted i n j u r y  f o r  bo th  passenger cars 

and l i g h t  t rucks  i s  presented i n  Sect ion 4.0. D e s c r i p t i v e  in fo rmat ion  

on ser ious  i n j u r i e s  i n  both types o f  veh ic les  i s  g i ven  i n  Sect ion 5.0. 

Most o f  the v a r i a b l e s  used i n  each sec t i on  a re  sub jec t  t o  some 

miss ing  data. When s i n g l e - v a r i a b l e  percentages a re  der ived,  t he  cases 

w i t h  m iss ing  data a re  gene ra l l y  excluded. Th i s  i s  equ iva len t  t o  

d i s t r i b u t i n g  the m iss ing  data t he  same as the non-missing cases. The 

q u a n t i t y  o f  miss ing data (M.D.) i s  inc luded i n  most o f  t he  tab les .  



2.0 SUMMARY AND CONCLUS l ONS 

2.1 SUMMARY AND FINDINGS 

T h i s  r e p o r t  p resen ts  d e s c r i p t i v e  s t a t i s t i c s  r e l a t i v e  t o  occupants 

i n  s i d e  impacts.  Two d a t a  s e t s  p r o v i d e  t h e  b a s i s  f o r  t h e  s t a t i s t i c s .  

These a r e  (1) FARS f o r  1979, and (2) t h e  NCSS program. A companion 

r e p o r t  address ing occupants o f  passenger c a r s  i n  s i d e  impacts based on 

1979 FARS and t h e  f i r s t  phase o f  t he  NCSS program was pub l i shed  e a r l i e r .  

T h i s  r e p o r t  complements t h e  e a r l i e r  r e p o r t  by  ex tend ing  t h e  a n a l y s i s  t o  

l i g h t  t r u c k s  u s i n g  d a t a  from 1979 F A R S  and the  second phase o f  NCSS 

(NCSSZ), I n  a d d i t i o n ,  t h e  r e l a t i o n  between i n j u r y  and i n t r u s i o n  o f  t he  

passenger compartment i s  examined u s i n g  NCSS2 da ta ,  and t h e  cause o f  

s e r i o u s  s ide- impact  i n j u r i e s  a r e  examined i n  b o t h  NCSSl and NCSS2. 

These t h r e e  s u b j e c t s  w i l l  be summarized s e p a r a t e l y .  The summary o f  

l i g h t  t r u c k s  w i l l  be f u r t h e r  subd iv ided  i n t o  t h e  i n f o r m a t i o n  from FARS 

and NCSS2. Where r e s u l t s  f o r  1 i g h t  t r u c k s  a r e  compared t o  those f o r  

passenger ca rs ,  t h e  l a t t e r  a r e  f rom t h e  e a r l i e r  r e p o r t  on Phase 1 . '  

2.1.1 F a t a l  L igh t -T ruck  S ide  Impacts i n  FARS 

The number o f  l i g h t  t r u c k s  i n  a c c i d e n t s  i n  the  U.S. i n  1979 w i t h  a t  

l e a s t  one occupant o f  t h e  t r u c k  k i  1 l e d  was 5825. O f  these, 710 o r  12.2 

pe rcen t  were s i d e  impacts i n t o  t h e  s i d e  o f  t h e  t r u c k .  The t o t a l  number 

o f  f a t a l i t i e s  i n  l i g h t  t ucks  i n  1979 was 6458. T h i s  i s  27 percent  as 

many as were k i l l e d  i n  passenger c a r s .  The number o f  s ide- impact  

f a t a l i t i e s  was 809 o r  12.5 pe rcen t  o f  t h e  1 i g h t - t r u c k  f a t a l i t i e s .  T h i s  

i s  one h a l f  o f  t h e  cor respond ing p r o p o r t i o n  found f o r  passenger ca rs .  

Side impacts a r e  more l i k e l y  t o  be i n  urban areas than a r e  o t h e r  

types o f  f a t a l  l i g h t - t r u c k  involvements, as shown i n  Tab le  1 .  The same 

'Robert  E .  S c o t t ,  James O'Day, Wendell Young, S ide Impacts o f  
Passenger Cars: An A n a l y s i s  o f  FARS and NCSS Data, Highway Sa fe ty  
Research I n s t i t u t e ,  The U n i v e r s i t y  o f  Mich igan,  Report No. UM- 
HSRI-81-20, A p r i l  1981. 



t r end  was found f o r  passenger cars ,  bu t  w i t h  a  g rea te r  o v e r a l l  

p r o p o r t i o n  i n  urban areas, i.e., 47 percent  o f  s ide  impacts were i n  

urban areas, b u t  o n l y  37 percent  of o ther  acc idents .  Side impacts a re  

apparent ly  more p reva len t  i n  areas where the  exposure t o  i n t e r s e c t i n g  or  

angle t r a f f i c  i s  g rea te r ,  namely urban areas. 

TABLE 1 
Fa ta l  L i g h t  Truck 

Accidents by L o c a l i t y  

F igure  1 d e p i c t s  t he  l o c a t i o n  o f  the p r i n c i p a l  impact p o i n t  o f  the  

f a t a l  l i g h t - t r u c k s  s i de  impacts. The t h ree  major areas o f  the  s ide, 

exc lud ing the  corners ,  were used as the  d e f i n i t i o n  o f  s ide  impacts. I t  

f o l l o w s  t h a t  t he  f r o n t ,  r ea r ,  and corners  a l l  have zero impacts. 

lmpacts a re  n e a r l y  equa l l y  d i v i ded  between the two sides w i t h  51.3 

percent  on the  l e f t  and 48.7 percent  on t he  r i g h t .  There i s  less  

symmetry i n  t he  f o r e - a f t  d i r e c t i o n s .  Near ly  two - t h i r ds  o f  the  impacts 

a re  i n t o  the  cen te r  s ides.  Jus t  under one-quarter a re  i n t o  the f r o n t  

s ide,  w h i l e  o n l y  f ou r  percent  a re  i n t o  the rear -s ide .  

Local i t y  

Urban 

Rural  

Tota 1 

F igu re  2 g ives  an est imate o f  the d i s t r i b u t i o n  o f  f a t a l i t i e s  by the  

type o f  v e h i c l e  s t r u c k .  An est imate i s  used because the type o f  v e h i c l e  

impact ing t he  l i g h t  t r uck  i n  a  s ide  impact cannot be determined f o r  

those acc idents  i n v o l v i n g  t h ree  or  more veh i c l es ,  For these cases, i t  

was necessary t o  impute t he  type o f  s t r i k i n g  v e h i c l e  from the  

d i s t r i b u t i o n  i n  two-vehic le  acc ident  cases. Since the number o f  

involvements w i t h  t h ree  o r  more veh i c l es  was a small f r a c t i o n  o f  the  

s ide  impact involvements, any b i a s  r e s u l t i n g  from the es t ima t i on  would 

Side Impacts 

N 

22 1 

48 3 

704 

Other Impacts 

% 

31.4 

68.6 

100.0 

N 

1243 

381 3 

5056 

% 

24.6 

74.4 

100.0 



FIGURE 1 
Principal Impact Point of  FARS Fatal Light-Truck Side Impacts 

Fl G U R E  2 

FARS 79, Light Truck Side lrnpact Fatalities 
by Object Struck 

be small. The largest single group of fatalities resulted from single- 

vehicle crashes. Impacts from heavy trucks or buses was the next 

largest group. Together these two groups of impacts accounted for 61.8 

percent of the light-truck side-impact fatalities. lmpacts by passenger 

cars resulted in only 22.9 percent. Even if a compliance test could 

reliably represent all the impact configurations of passenger cars and 

1 ight trucks into the side of 1 ight trucks, only 37.6 percent of the 
side-impact fatalities would be represented. Nearly two-thirds of the 



f a t a l i t i e s  were caused by impacts w i t h  much s t i f f e r ,  more u n y i e l d i n g  

ob jec t s .  

F a t a l i t i e s  by type of l i g h t  t r u c k  a r e  shown i n  Table 2 a long  w i t h  

the p r o p o r t i o n  t h a t  were e j ec ted  f o r  each type o f  veh i c l e .  Pickups 

accounted f o r  n e a r l y  85 percent  o f  t h e  s ide- impact f a t a l i t i e s ,  w i t h  

smal l  vans account ing f o r  on l y  13.5 percent .  Even the  abso lu te  numbers 

a re  smal l  f o r  vans and l a rge  s ta t ion-wagons--109 f o r  vans and o n l y  14 

f o r  l a rge  s t a t i o n  wagons i n  one year of n a t i o n a l  data.  

TABLE 2 
FARS 79 

L i g h t  Truck F a t a l i t i e s  and E j e c t i o n  by Type o f  Truck 

A s u b s t a n t i a l  p r o p o r t i o n  o f  the  f a t a l i t i e s  invo lved  e j e c t i o n s  o f  

Truck Type 

Pickups 

Small Vans 

Large S t a t i o n  
Wagons 

Tota 1 

t he  occupant f rom the  veh i c l e ,  approx imate ly  one-quarter i n  pickups. 

Small vans had a h igher  p r o p o r t i o n  o f  e j e c t i o n s  al though, again, t he  

abso lu te  number i s  smal l .  Only one f a t a l  e j e c t i o n  occurred from a s ide-  

impacted l a r g e  s t a t i o n  wagon. Occupants w i t h  m iss ing  da ta  on e j e c t i o n  

were excluded f rom the  computations o f  e j e c t i o n  r a t e s  shown i n  t h e  

tab le .  

The 200 documented e j e c t i o n s  were 8.7 percent  o f  t he  t o t a l  2290 

e j e c t i o n s  o f  l i g h t  t r u c k  occupants i n  t he  1979 FARS data.  Since 12.5 

percent  o f  t he  l i g h t  t r u c k  f a t a l i t i e s  were i n  s i d e  impacts, e j e c t i o n s  

a re  underrepresented among s ide- impact  f a t a l i t i e s  compared t o  o the r  

P ropo r t i on  o f  
F a t a l i t i e s  That 
Were E j e c t i o n s  

i n  Percent 

24.1 

34.0 

7 . 1  

25.1 

F a t a l i t i e s  

N 

686 

109 

14  

809 

% 

84.8 

13.5 

1.7 

100.0 



t ypes  o f  impacts.  Never the less ,  e j e c t i o n  remains a problem i n  l i g h t -  

t r u c k  s i d e  impacts.  

Whi le  f a t a l i t i e s  a re  n e a r l y  e q u a l l y  d i v i d e d  between l e f t  and r i g h t -  

s i d e  impacts (51.7 percent  l e f t  and 48.3 pe rcen t  r i g h t )  , impact exposure 

o f  t h e  f a t a l i t i e s  i s  no t .  Over h a l f  (55.3 pe rcen t )  o f  those k i l l e d  had 

near -s ide  exposure, i . e , ,  t h e  impact was on t h e  same s i d e  as t h e  

occupant sea t  l o c a t  ion.  Less than a t h i r d  (32.6 percent )  were exposed 

t o  f a r - s i d e  impacts.  The remain ing 12.1 pe rcen t  were o f  unknown 

exposure because o f  unknown sea t  l o c a t i o n .  

2.1.2 L igh t -T ruck  Side Impacts i n  NCSS 

Tab le  3 g i v e s  the  number o f  l i g h t  t r u c k s  i n  t h e  NCSS2 d a t a  se t ,  and 

t h e  number o f  t r u c k s  and occupants i n  s i d e  impacts.  Both t h e  unweighted 

numbers ( a c t u a l  obse rva t i ons )  and t h e  r e s u l t s  o f  w e i g h t i n g  by  t h e  

i n v e r s e  o f  t h e  sampl ing f r a c t i o n s  a r e  i nc luded .  The a n a l y s i s  and 

r e s u l t s  presented i n  t h i s  r e p o r t  a r e  based on weighted data ,  b u t  t h e  

unweighted f i g u r e s  a r e  p rov ided  he re  t o  i n d i c a t e  t h e  q u a n t i t y  o f  da ta  

a v a i l a b l e .  I t  shou ld  be no ted  t h a t  t he  a c t u a l  number o f  occupants o f  

l i g h t  t r u c k s  i n  s i d e  impacts i s  209. T h i s  number i s  n o t  l a rge ,  and 

r e s t r i c t s  o r  l i m i t s  t h e  d e t a i l  o r  depth  t o  wh ich  a n a l y s i s  can be 

m e a n i n g f u l l y  extended. 

TABLE 3 
L i g h t  Trucks  i n  NCSS2 

T o t a l  i n  F i l e :  
Unweighted 
Weighted 

Number i n  S ide  Impacts: 
Unweighted 
Weighted 

/ Occupants i n  S ide  Impacts: 
Unweighted 
Weighted 

P ickups 

666 
2490 

102 
408 

152 
560 

Sma 1 1 
Vans 

186 
764 

3 2 
163 

54 
240 

Large Wagons 

9 
9 

2 
2 

3 
3 

T o t a l  

86 1 
3263 

136 
573 

209 
803 



The p r o p o r t i o n  o f  l i g h t  t r ucks  i n  t he  f i l e  which were i n  s i de  

impacts i s  573/3263 o r  17.6 percent .  Th i s  i s  cons iderab ly  h igher  than 

the  12.2 percent  found i n  FARS.  The d i f f e r e n c e  may r e s u l t  from the 

d i f f e r e n c e  i n  seve r i t y ;  the NCSSZ data represent  towaways. 

A d d i t i o n a l l y ,  the d e f i n i t i o n  o f  s ide  impacts used i n  NCSS, which was 

based on two CDC's, may be more i n c l u s i v e  than t h a t  used i n  FARS.  For 

example, corners  (1,5,7, and 11 o ' c l o c k )  were not  inc luded i n  FARS, ye t  

the d e f i n i t i o n  o f  these codes i s  n o t  prec ise.  Corner impacts were 

inc luded i n  N C S S ,  so long as the  impact was p r i n c i p a l l y  i n t o  the  s i de  

ra the r  than an end o f  t he  v e h i c l e .  

The d i s t r i b u t i o n  o f  occupants among the  three types o f  v e h i c l e  a l s o  

d i f f e r s  f rom t h a t  i n  FARS.  Over two - t h i r ds  were i n  pickups, bu t  29.9 

percent were i n  small vans, over tw i ce  t he  p ropo r t i on  i n  F A R S .  Whether 

t h i s  d i f f e r e n c e  between t he  da ta  se ts  r e f l e c t s  a lower f a t a l i t y  r a t e  i n  

vans than i n  pickups ( i n  s i de  impacts) o r  i s  a consequence o f  the  

geographic areas sampled i n  t he  NCSS p r o j e c t  i s  no t  known. 

The incidence o f  severe or  se r ious  i n j u r y  among t he  side-impacted 

towaways i s g iven  i n Table 4. The i n j u r e d  occupants, i .e., A I  S=3+ and 

AIS=4+, inc lude  the f a t a l i t i e s  regard less  o f  t h e i r  A I S .  The 22 ser ious  

(AIS=4+) s i d e  impact cases inc lude  14 f a t a l i t i e s .  The d i f f e r e n c e s  i n  

the  i n j u r y  r a t e  between the  s i d e  and other  impact occupants a re  no t  

s i g n i f i c a n t  a t  the 0.10 l eve l  us ing  F i s c h e r ' s  exact p r o b a b i l i t y .  

TABLE 4 
NCSS2 

L ight -Truck Occupants, Severe o r  Ser ious I n j u r y  
(weighted) 

T o t a l  Occupants 

Number With AIS=3+ 
(severe) 

Number With AIS=4+ 
(ser i ous) 

Side Impacts 

80 3 

2 6 
(3 . 2%) 

2 2 
(2.7%) 

Other Impacts 

5034 

140 
(2.8%) 

123 
(2.4%) 



The side- impact i n j u r y  r a t e  f o r  AIS=4+ i s  s l  i g h t l y  h igher  than f o r  

passenger ca rs  b u t  n o t  s i g n i f i c a n t l y  so. 

E j e c t i o n  and i n j u r y  i s  shown i n  Table  5. Among a l l  occupants f o r  

which v a l i d  e j e c t i o n  da ta  were g iven,  e j e c t i o n  was o n l y  1.9 percent .  

However, i t  was 62.5 percen t  among t he  s e r i o u s l y  i n j u red ,  and 71.4  

pe r cen t  o f  t he  e j ec tees  were s e r i o u s l y  i n j u red .  The p o r t a l s  through 

which t h e  14  e j e c t i o n s  occur red  a re  shown i n - T a b l e  6. 

TABLE 5 
NCSSZ - L i g h t  Truck E j e c t i o n  i n  Side Impacts (weighted) 

TABLE 6 
NCSS2 - L i g h t  Truck E j e c t i o n  P o r t a l s  

- 

I n j u r y  
Sever i t y  

AIS = 0-3 N 
% 

AIS = 4-6 N 
0, 
'D 

T o t a l  N 
% 
MD 

Occupant E jec ted  

Por t a  1 

S ide Window 

Side Door Area 

Windshie ld  

To ta l  
M.D. 

Number o f  
E j e c t  ions 

5 

6 

2 

13 
1 

Yes 

4 
0.6 

10 
62.5 

14 
1 * 9  
0 

N o 

707 
9 9 - 4  

6 
37 - 5  

7 1 3  
98.1 

16 

T o t a l  

71  1 
100.0 

16 
100.0 

7 2 7 
100.0 

16 

M.D. 

52 

6 

5 8 

2 
i 



Although t he  numbers of e j e c t i o n s  a re  smal l ,  they account f o r  a 

subs tan t i a l  p o r t i o n  of the  se r ious  i n j u r y ,  and e j e c t i o n  through bo th  

s i de  windows and door cont inues t o  be a problem. 

The d i r e c t i o n  o f  impact f o r c e  i n  the  s i d e  impacts i s  g iven  i n  the 

C D C  desc r i b i ng  t he  impact. The d i s t r i b u t i o n  o f  t he  d i r e c t i o n  o f  f o r c e  

f o r  l i g h t  t ruck  occupants i s  shown i n  F igure Fourteen percent  of  the  

impacts were w i t h i n  15 degrees o f  the forward a x i s  o f  the veh i c l e .  Most 

o f  t he  impacts, 50.4 percent,  were from 45 t o  75 degrees t o  t he  s i d e  of  

t he  forward a x i s ,  w i t h  on l y  12.4 percent  w i t h i n  15 degrees o f  the  

l a t e r a l  d i r e c t i o n s .  I t  should a l s o  be noted t h a t  50.3 percent  were t o  

t he  l e f t  s ide,  and o n l y  35.5 percent  on the r i g h t - - t h u s  the re  i s  a l e f t -  

r i g h t  asymmetry. 

FIGURE 3 

D i  r e c t  i on  o f  Impact Force 
L i g h t  Truck Occupants i n  Side Impacts 



The side impact vehicles which have been selected from NCSS are 

those cases coded "R" (right) or " L "  (left) on the the first letter of 

the CDC. impacts are included. The second letter of the CDC provides 

more detail as to the actual horizontal location of damage along the 

defined side according to the following scheme: 

D= Distributed (whole side) 
Y =  Front + passenger compartment 
Z= Back + passenger compartment 
P= Passenger compartment only 
F= Front on 1 y (not passenger compartment) 
B= Back on1 y (not passenger compartment) 

The exposure of occupants to each of these damage locations, the 

numbers with serious injury, and the serious-injury rates for each are 

shown in Figures 4-6. Figure 4 indicates that the most frequent damage 

pattern was distributed--from the front to rear areas. The next most 

frequent was damage to the passenger compartment and rear areas. 

Altogether, 64.3 percent involved multiple areas--only 35.7 percent 

involved a single region of the side, The passenger compartment was 

involved in 70.5 percent of the impacts. Figure 5 gives the number of 
serious (AIS=4+ and fatal) injuries for each location. Again multiple 

areas were important, accounting for 63.6 percent of the injuries. A 

substantial number, 22.7 percent, were in vehicles damaged in the front 

only. The proportion of occupants sustaining ierious injury for each 

location is shown in Figure 6. The rates vary over a wide range and do 

not follow the pattern observed for passenger cars where the rate of ' ID"  

was high, with Y, Z, and P approximately equal but with about half the 

rate of D. In light trucks, the rate for Y is highest, and over twice 

the rate for 0. However, the number of actual cases of AI S=4+ in each 

location category is very small. As a result the rates given in Figure 

6 have wide confidence intervals, and the rates and their ratios would 

not be stable. 

The total number of light-truck occupants who received injuries of 

AIS=4 or greater is only 22. Since each of these cases had a sarnpl ing 

fraction of one, the 22 are actual observations as well as the weighted 

number. Each is described in detail in Appendix A, but a brief summary 

will be given here. The 22 seriously injured were occupants of 18 

vehicles of which 1 1  were pickups and 7 were small vans. Only 8 were 
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non - fa ta l s .  The o ther  i 4  were f a t a l i t i e s  which inc luded s i x  occupants 

o f  v e h i c l e s  w i t h  ca tas t r oph i c  i n t r u s i o n ,  i .e., i n t r u s i o n  w i t h  damage so 

g rea t  t h a t  i t  cou ld  n o t  be p rope r l y  measured and documented by t he  

i n v e s t i g a t o r s .  S i x  of the f a t a l i t i e s  were e j e c t i o n s .  Of the e i g h t  non- 

f a t a l i t i e s ,  f ou r  were e j e c t i o n s .  

Of the  22 occupants w i t h  se r ious  i n j u r y ,  s i x  were i n  v e h i c l e s  

impacted by passenger cars ,  two by l i g h t  t rucks ,  f i v e  by la rge  t rucks ,  

and e i g h t  were i n  s i ng l e - veh i c l e  acc idents .  Thus, impacts w i t h  

passenger cars  accounted f o r  one- th i rd ,  and la rge  t r ucks  o r  ob jec t s  f o r  

nea r l y  two- th i rds .  

Only two o f  t he  f a t a l i t i e s  and one n o n - f a t a l i t y  had t h e i r  most 

se r ious  i n j u r i e s  recorded as caused by con tac t  w i t h  an i n t r u d i n g  

component. 

2.1.3 I n t r u s i o n  and l n i u r y  

Th i s  s e c t i o n  summarizes t he  examinat ion o f  data c o l l e c t e d  on 

i n t r u s i o n  and i n j u r y  us ing  the i n t r u s i o n  and occupant con tac t  forms 

in t roduced i n  NCSS2. 

The t o t a l  number o f  passenger-car occupants i n  s i d e  impacts i n  

N C S S Z  are  10,005 (weighted).  I n t r u s i o n  i n t o  the passenger compartment 

occurred i n  v e h i c l e s  con ta in ing  3700 o f  these, o r  37 percent,  Many o f  

the i n t r u d i n g  sur faces or  components were no t  contacted by an occupant, 

and thus cou ld  n o t  have been respons ib le  f o r  e i t h e r  causing o r  

aggrevat ing i n j u r y .  The number o f  passenger car occupants con tac t i ng  an 

i n t r u s i o n  i s  1092, o r  2 9 . 5  percent  o f  t h e  3700 i n  cars  w i t h  i n t r u s i o n .  

These 1092 occupants c o n s t i t u t e  10.9 percent  o f  those i n  s ide- impacted 

passenger cars .  I n  a d d i t i o n  t o  the  3700 i n  in t ruded  cars,  as documented 

by the  i n t r u s i o n  and occupant con tac t  forms, another 112 were i n  

veh i c l es  w i t h  ca tas t r oph i c  i n t r u s i o n .  I t  might  be assumed t h a t  t he  

l a t t e r  112 a l s o  contacted i n t r us i ons ,  b r i n g i n g  the t o t a l  number o f  

con tac t i ng  occupants t o  1204 o r  12.0 percent  o f  the occupants i n  s i de  

impacts. 

Lack o f  i n j u r y  and accompanying con tac t  data on a  s u b s t a n t i a l  

p r o p o r t i o n  o f  occupants i n  veh i c l es  w i t h  i n t r u s i o n  l i m i t s  the eva lua t i on  



o f  i n t r u s i o n  as a  cause o f  i n j u r y .  Of t he  1092 occupants who contacted 

an i n t r us i on ,  t he  i n j u r y  s e v e r i t y  o f  any i n j u r y  assoc ia ted w i t h  the 

con tac t  was g iven  f o r  on ly  238 (21.8 pe rcen t ) .  Of these 212, o r  89.1 

percent ,  had an i n t r u s i o n  assoc ia ted i n j u r y  equal i n  s e v e r i t y  t o  the 

most severe i n j u r y  received. Thus we may conclude t h a t  f o r  those 

occupants w i t h  documented i n t r u s i o n  assoc ia ted i n j u r i e s ,  t he  i n j u r i e s  

were s i g n i f i c a n t .  However, the  documentation appears t o  be incomplete, 

a l l o w i n g  the  p o s s i b i l i t y  o f  b i a s  i f  o n l y  the more severe i n t r u s i o n -  

con tac t  i n j u r i e s  a re  repor ted.  

Occupant exposure t o  i n t r u s i o n  and con tac t  i n  s ide  impact acc idents  

a re  shown i n  F i gu re  7 f o r  passenger cars ,  and F igure 8 f o r  1 i g h t  t rucks .  

About h a l f  the  occupants were i n  v e h i c l e s  w i t h  no i n t r u s i o n .  The other  

h a l f  (45.8 percent  i n  cars  and 54 .4  percent  i n  t rucks)  were exposed t o  

i n t r u s i o n ,  i .e. ,  they were occupants o f  veh i c l es  which had i n t r u s i o n  o f  

the passenger compartment. Actual  con tac ts  between occupants and an 

i n t r u s i o n  were much fewer, however. Only 14.3 percent o f  the  occupants 

o f  passenger cars  and 13.3 percent  o f  those i n  l i g h t  t r ucks  contacted an 

i n t r u s i o n .  

The dichotomous i n j u r y  v a r i a b l e s  de r i ved  by NHTSA have much less  

m iss ing  da ta  than t he  A I S  v a r i a b l e s  and i n  t h i s  con tex t  a re  more 

r e l i a b l e .  M iss ing  data on the  AIS=4+ v a r i a b l e  amongoccupants i n  

v e h i c l e s  w i t h  i n t r u s i o n  i s  on l y  seven percent .  The p r o p o r t i o n  o f  

occupants o f  each exposure who rece ived  i n j u r i e s  o f  A I S=4+ (from a1 1 

i n j u r y  sources) a re  shown i n  F igures 9 and 10. F igure  9 leads t o  

several  observat ions.  The inc idence o f  se r ious  i n j u r y  t o  occupants o f  

passenger ca rs  who d i d  no t  con tac t  an i n t r u s i o n  i s  low-- less than 1.3 

percent .  I f  an i n t r u s i o n  was contacted, t h e  r a t e  i s  over seven t imes as 

h i gh  (9.3 percent)  . E i gh ty -n i  ne percent  o f  the occupants o f  passenger 

cars  who rece ived  an i n j u r y  o f  AIS-4 o r  h igher  were i n  ca rs  w i t h  an 

in t ruded  passenger compartment. Whi le o n l y  29 percent  o f  t he  occupants 

o f  non-catast rophic  passenger car  crashes contacted on i n t r u s i o n ,  those 

t h a t  d i d  represent  62 percent  o f  the  ser ious i n j u r y .  

The most f r equen t l y  contacted i n t r u d i n g  components a re  door panels 

o r  s i d e  sur faces,  which account f o r  50.8 percent  o f  such con tac ts .  The 

A - p i l l a r  and instrument panel a re  next,  bu t  on l y  produce 10.9 percent  
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and 10.2 percent  o f  the  contacts ,  r espec t i ve l y .  The other  i n t r u d i n g  

components each account f o r  s i x  percent  o r  less.  

Side impacts which were c lasses as ca tas t r oph i c  account f o r  on ly  

1 . 1  percent o f  the occupants i n  s i de  impacts, y e t  they r esu l t ed  i n  23.9 

percent  o f  the  se r ious  i n j u r i e s  i n  passenger cars and 27.3 percent o f  

those i n  l i g h t  t rucks .  The ca tas t r oph i c  damage t o  passenger cars was 

major separat ion,  such as t r ansec t i on  a t  the f i r e w a l l  i n  49.1 percent o f  

the  cases, and extreme compression i n  42.9 percent.  I n t e r e s t i n g l y ,  

w h i l e  e j e c t i o n  was h igh  (14.9 percent)  among the  ser ious  i n j u r y  cases i n  

t he  passenger cars ,  i t  was even higher (26.5 percent) among the  

occupants w i t h  less  severe i n j u r i e s  (AIS 0-3).  

I t  i s  no t  c o r r e c t  t o  i n t e r p r e t  ca tas t roph ic  i n t r us i on ,  as used i n  

t he  NCSS i n t r u s i o n  data c o l l e c t i o n ,  as unsurv ivab le .  Over 50 percent o f  

t he  occupants o f  these veh i c l es  rece ived i n j u r i e s  o f  AIS=3 or  less,  53.5 
percent  i n  passenger cars  and 65 percent i n  l i g h t  t rucks .  

2.1.4 Serious I n j u r y  i n  Side Impacts 

In format ion on the  d e t a i l s  o f  se r ious  (AIS=4+) i n j u r y  t o  occupants 

o f  side-impacted passenger cars  and l i g h t  t rucks  w i l l  be summarized i n  

t h i s  sect ion.  S p e c i f i c a l l y ,  the summary w i l l  p resent  the body reg ions 

i n j u red ,  and the proximate cause of  i n j u r y ,  i .e., t h e  occupant contact  

most 1 i ke l y  t o  have caused the  most severe i n j u r y  rece ived by occupants 

w i t h  ser ious i n j u r y .  

Figures 1 1  and 12 d e p i c t  the d i s t r i b u t i o n  o f  the body reg ion  o f  the 

most severe i n j u r y  o f  occupants who were se r i ous l y  in ju red .  The 

s e r i o u s l y  i n j u r e d  a re  those w i t h  an AIS o f  4+ on the  dichotomous i n j u r y  

va r i ab l e ,  and f a t a l i t i e s .  The dichotomous i n j u r y  v a r i a b l e  was used 

because i t  has l i t t l e  m iss ing  data--approximately f i v e  percent.  

l n fo rmat ion  on the body reg ion  i n j u r e d  i s  on ly  a v a i l a b l e  from the  

i n d i v i d u a l  OIC's, which a re  accompanied by the AIS and contacted ob jec t ,  

a l l  o f  which have cons iderab ly  miss ing data.  The d i s t r i b u t i o n  o f  

F igures 1 1  and 1 2  a re  taken from the f i r s t  l i s t e d  O I C ,  desc r ib ing  the  

most severe i n j u r y  t o  the occupant. Passenger car occupants (Figure 11) 

w i t h  ser ious i n j u r i e s  have a  m iss ing  data r a t e  on body reg ion  o f  28.5 



percent.  Th is  i s  l a r g e l y  among the f a t a l i t i e s ,  which c o n s t i t u t e  65.1 

percent of  the se r ious  i n j u r y  cases. 

The body reg ion  se r i ous l y  i n j u r e d  most f r equen t l y  i s  t he  head 

( i nc l ud ing  the sku1 1 and face!, i n  both passenger cars  and 1 i g h t  t rucks .  

The head and neck grouped together account f o r  50.9 percent i n  cars  and 

55.5 percent  i n  l i g h t  t rucks.  I n j u r y  t o  the  chest a re  second most 

f requent  i n  passenger cars, bu t  account f o r  on l y  20.8 percent.  I n  1 i g h t  

t rucks,  chest i n j u r i e s  account f o r  on l y  5.6 percent,  whi l e  the  abdomen 

accounts f o r  27.8 percent .  The f i g u r e s  f o r  l i g h t  t r ucks  are sub jec t  t o  

la rge  sampl ing e r r o r s  however, s ince  they are based on a t o t a l  o f  o n l y  

22  se r ious  i n j u r y  cases. 

The most f requen t  proximate cause o f  i n j u r y  i s  s i d e - i n t e r i o r  

sur faces i nc l ud ing  doors and armrests; 1 i s t e d  or  27.6 percent o f  the  

passenger car occupants, The s t e e r i n g  wheel was g iven  f o r  14.3 percent ;  

and t he  instrument panel, w indshie ld ,  g love compartment, or m i r r o r  f o r  

11.4 percent .  Each o f  the  o ther  components was respons ib le  f o r  l ess  

than 10 percent,  except ob jec ts  e x t e r i o r  t o  the  passenger compartment 

which was 1 i s t e d  f o r  14.3 percent.  

2.2 CONCLUS l ONS 

Side-impacted l i g h t  t rucks a re  de f ined  i n  t h i s  r e p o r t  as a l l  

p ickups, small vans, o r  l a rge  ( t r uck  based) s t a t i o n  wagons f o r  which the 

f i r s t  impact invo lved d i r e c t  damage t o  the r i g h t  o r  l e f t  s ide.  

Ro l lovers  c o n s t i t u t e  a  small p ropo r t i on  o f  these, bu t  they have been 

e l im ina ted  from the  analyses presented here. 

L i g h t  t rucks ,  as de f ined  above, have 6458 occupant f a t a l  i t i e s  per 

year i n  the U.S. Th i s  i s  27  percent o f  the number o f  passenger car 

occupants k i l l e d  i n  a  year. 

Side impacts o f  l i g h t  t r ucks  r e s u l t  i n  12.5 percent  o f  the  l i g h t  

t ruck  f a t a l i t i e s .  Side impacts account f o r  tw ice  t h i s  p ropo r t i on  (24.8 

percent)  o f  passenger car occupant f a t a l  i t i e s .  

Side impacts produce 15.2 percent  o f  the cases o f  ser ious i n j u r y  

(A IS=4+ )  among l i g h t  t r uck  occupants, w h i l e  13.8 percent o f  the 



FIGURE 1 1  

Body Region o f  Serious (AIS=4+) I n j u r y ,  
Passenger Car Occupants 

FIGURE 12 

Body Region Receiv ing Serious ( A I S = ~ + )  I n j u r y ,  
L i g h t  Truck Occupants 



occupants are i n s i d e  impacted veh i c l es .  These p ropo r t i ons  a re  a l s o  

approximately h a l f  as g rea t  as was found f o r  passenger cars .  

E j e c t i o n  o f  occupants from l i g h t  t r ucks  i n  s i de  impacts remains a 

s i g n i f i c a n t  problem. One-quarter o f  the  f a t a l i t i e s  and 63 percent  o f  

the ser ious i n j u r y  were among e jec ted  occupants, a l though t h e  l a t t e r  

f i g u r e  i s  based on a smal 1 number (10) of cases. Po r ta l s  through which 

the e j e c t i o n s  occurred were approximately equa l l y  d i v i d e d  between s i de  

windows and door areas. 

Impacts w i t h  passenger cars  account f o r  on l y  20.7 percent  o f  the 

1 i gh t - t r uck  s i de  impact f a t a l  i t i e s ,  and 27 percent  o f  the ser ious  A I  S=O+ 

i n j u r y .  Heavy t r ucks  and s ing le-vehi  c l e  co l  1 i s ions produce 62 percent  

o f  the  f a t a l i t i e s .  

L i gh t - t r uck  s i d e  impacts r e s u l t i n g  i n  ser ious  i n j u r y  or death a re  

of  a  v a r i e t y  o f  con f i gu ra t i ons ,  w i t h  a  v a r i e t y  o f  s t r i k i n g  ob jec ts .  The 

l o c a t i o n  of  p o i n t  o f  impact and d i s t r i b u t i o n  o f  damage a l so  v a r i e s  

w ide ly .  

A s i n g l e  s ide- impact t e s t  p ro toco l  f o r  l i g h t  t rucks  would represent  

on l y  a  small p o r t i o n  o f  the ser ious impacts. 

A sur face  o r  component i n t r u d i n g  i n t o  the passenger compartment was 

contacted by on l y  12 percent  o f  the occupants o f  passenger cars  and 

l i g h t  t r ucks  i n  s i d e  impacts. However, 62 percent  o f  the  ser ious  i n j u r y  

i n  non-catast rophic  cases were occupants who contacted i n t r us i ons ,  even 

though on l y  29 percent  o f  the occupants i n  in t ruded  veh i c l es  a c t u a l l y  

contacted an i n t r u s i o n .  

l n j u r  i es t o  t h e  head (and sku1 1 and face) account f o r  38 percent  o f  

the ser ious  (A15=4+) side-impact i n j u r i e s ;  o n l y  21 percent  a re  o f  the  

chest.  Thus, an occupant-protect ion performance c r i t e r i a  based on 

t ho rac i c  i n j u r y  would represent  on l y  o n e - f i f t h  o f  the ser ious and f a t a l  

i n j u r i e s .  The f r a c t i o n  becomes much smal ler  i f  on ly  a  subset o f  the  

poss ib l e  impact con f i gu ra t i ons  and damage p a t t e r n s  a re  represented. 

I t  i s  s t i l l  n o t  poss ib l e  t o  q u a n t i t a t i v e l y  assess the  i n j u r y  

c o n t r i b u t i o n  o f  occupant compartment i n t r u s i o n  above and beyond the  

e f f e c t s  o f  impact s e v e r i t y .  



SECTION 3.0 L l  GHT TRUCKS 

Side impacts i n t o  l i g h t  t r ucks  a re  examined i n  t h i s  sec t ion ,  us ing 

data from the  1979 F A R S  and NCSSZ f i l e s .  The general format  used i n  

p resen t ing  the data i s  as f o l l ows .  S ide impacts a re  compared w i t h  other 

impacts across a number o f  acc iden t  and v e h i c l e  d e s c r i p t o r s  i n  Sect ion 

3.1.  S i m i l a r  comparisons across a  number o f  occupant - re la ted va r i ab l es  

are presented i n  Sect ion 3.2. S ing le -  and m u l t i - v e h i c l e  s i d e  impacts 

are compared across bo th  v e h i c l e  and occupant desc r i p t o r s  i n  Sect ion 

3.3. F i n a l l y ,  more d e t a i l e d  i n f o rma t i on  on side- impact f a t a l i t i e s ,  

i n j u r y ,  and e j e c t i o n  i s  g iven  i n  Sec t ion  3.4. 

Resul ts  from bo th  F A R S  and NCSS2 a re  presented i n  each sec t ion ,  

genera l l y  together  arranged by sub jec t .  However, the re  a re  a  number o f  

data elements or va r i ab l es  g iven i n  NCSS which do no t  have coun te rpar ts  

i n  F A R S ,  and v i c e  versa. 

Before p resen t ing  the  r e s u l t s ,  i t  may be use fu l  t o  descr ibe  the 

q u a n t i t y  o f  ma te r i a l  a v a i l a b l e  i n  each source o f  data.  

The 1979 F A R S  data which have been used t o  represent  f a t a l  l i g h t -  

t r uck  s i d e  impacts con ta i n  in fo rmat ion  on 5825 1 i g h t  t rucks ,  o f  which 

710 or 12.2 percent  a re  s ide  impacted w i t hou t  r o l l o v e r .  The t o t a l  

number o f  f a t a l i t i e s  among a l l  l i g h t  t r u c k  occupants i n  the f i l e  i s  

6458, o f  which 809 or  12.5 percent  a re  i n  side-impacted veh i c l es .  

The d i s t r i b u t i o n  o f  f a t a l i t i e s  among the three c lasses o f  l i g h t  

t rucks  used i n  t h i s  s tudy a re  g iven  i n  Table  7. These f i g u r e s  a re  taken 

as a  na t i ona l  census o f  l i g h t - t r u c k  s ide- impact f a t a l i t i e s .  

The number o f  l i g h t  t rucks  i n  the  NCSS2 data se t ,  a long w i t h  the 

numbers o f  veh i c l es  and occupants i n  side-impacted t r ucks  i s  shown i n  

Table 8. The NCSS p r o j e c t  employed s t r a t i f i e d  random sampling, so each 

case has a  we igh t ing  f a c t o r  assoc ia ted w i t h  i t  t h a t  i s  the  inverse  o f  

the sampling f r a c t i o n .  Weighting f a c t o r s  f o r  the data a re  1 ,  4, 10, or 

20, w i  t h  o n l y  one team (Southwest Research I  ns t  i tu te )  produci  ng weights 

of 20. While the  analyses a re  a l l  based on weighted, da ta  unless 



TABLE 7 
Side-Impact F a t a l i t i e s  i n  1979 F A R S  by Type o f  L i g h t  Truck 

o therwise ind ica ted ,  both the  weighted and unweighted q u a n t i t i e s  a re  

shown i n  Table 8. 

Truck Type 

Pickup 

Vans 

Large S t a t i o n  
Wagons 

Tota 1 

TABLE 8 
L i g h t  Truck Cases i n  NCSS2 

N 

686 

109 

14 

809 

Table 9 g ives  the d i s t r i b u t i o n  o f  cases by t he  teams p a r t i c i p a t i n g  

i n  the NCSS da ta  c o l l e c t i o n .  

% 

84.8 

13.5 

1 - 7  

100.0 

To ta l  i n  F i l e :  
Unweighted 
Weighted 

Number i n  Side 
Impacts 

Unwe i gh ted  
Weighted 

Occupants i n  Side 
l mpac t s  

Unweighted 
Weighted 

Sma 1 1 
Vans 

186 
764 

32 
163 

54 
240 

P i ckups 

666 
2490 

102 
708 

152 
560 

Large 
Wagons 

9 
9 

2 
2 

3 
3 

Tota 1 

86 1 
3263 

136 
573 

209 
803 



TABLE 9 
NCSSZ 

L i g h t  Trucks by Team 
(unwe i gh ted) 

3 .1  VEHICLES I N  S I D E  IMPACTS COMPARED TO OTHER IMPACTS 

Three types of  l i g h t  t r ucks  have been grouped together i n  t h i s  

study: p ickup t rucks ,  small vans, and la rge  s t a t i o n  wagons. A l l  t h ree  

a re  based on t r uck - t ype  chass is  and thus have s i m i l a r  opera t ing  and 

crush c h a r a c t e r i s t i c s ,  a l though  t h e i r  use pa t t e rns  may d i f f e r .  

Comparisons o f  t he  d i s t r i b u t i o n s  o f  t he  th ree  v e h i c l e  types i n  s i de  

versus other  o ther  impacts a re  shown i n  Tables 10 and 1 1 .  Not 

s u r p r i s i n g l y ,  p ickups a re  t he  dominant type o f  v e h i c l e  i n  s i de  impacts 

i n  bo th  data se t s .  However, vans appear s u b s t a n t i a l l y  more f r equen t l y  

i n  t he  N C S S  data. 

Team 

Ca 1 span 

HSR l 

l  nd i ana 

Kentucky 

Miami 

Southwest Research 
l n s t  i t u t e  

Urban 
Rural 

Dynamic Sciences 

To ta l  

Table 12 i nd i ca tes  t h a t  f a t a l  s i d e  impacts occur predominant ly i n  

r u r a l  areas. However, they a re  more l i k e l y  t o  be i n  urban areas than 

a re  o ther  f a t a l  l i g h t - t r u c k  acc iden ts .  Table 13 g ives the corresponding 

L i g h t  Trucks i n  
Side Impacts 

15 

13 

2  3 

17 

12 

52 
3 7 
15 

4 

136 

Tota 1 
L i g h t  Trucks 

11.0 

9.6 

16.9 

12.5 

8.8 

38.2 
27.2 
11.0 

2.9 

100.0 

9 2 

9 1 

150 

135 

6 2  

301 
184 
117 

30 

86 1 

10.7 

10.6 

17.4 

15 . 7 

7 - 2  

35.0 
21.4 
13.6 

3.5 

100.0 



TABLE 10 
FARS 79 

Body Type 

TABLE 1 1  
NCSS2 

L i g h t  Trucks 
Veh i c 1 e Type (We i gh ted) 

Body Type 

Pickup 

Van 

Large 
S t a t i o n  Wagon 

To ta l  

M.D. 

Vehic les 

Type 

Pickup Truck 

Van 

Large 
S t a t i o n  Wagon 

To ta l  

M.D.  

Side Impact 

Vehic les  

N 

603 

9 1 

10 

710 

0 

Other Impact 

% 

85.8 

12.8 

1.4  

100.0 

N 

424 1 

802 

7 2 

51 15 

0 

Side Impacts 

% 

82.9 

15.7 

1.4 

100.0 

N 

408 

163 

2 

573 

0 

Other Impacts 

% 

71.2 

28.4 

0.3 

100.0 

N 

2082 

60 1 

7 

2690 

0 

To ta l  

% 

77.4 

22.3 

0 3 

100.0 

N 

2490 

764 

9 

3263 

0 

% 

76.3 

23.4 

0 . 3  

100.0 



information for a random sample of towaway crashes. Here the side 

impacts are predominantly an urban phenomena, more so than other 

impacts. The two tables are not as inconsistent as they might first 

appear. Side impacts are evidently more likely to occur in urban areas 

where the exposure to intersecting traffic situations is high. However, 

accidents of high severity, i.e., fatal, are more likely to occur in 

rural areas. Urban areas present greater exposure to angled traffic 

situations (e.g., intersections) per unit of travel. The urban/rural 

split of the NCSS data also reflect the demographic characteristics of 

the sites used in the program. There are very few environmental or 

situational variables that are associated with side-impact/other, but 

the few that are, such as urbanization and highway class, are probably 

explai ned on the bas i s of exposure to angled traf f i c si tuat ions. 

TABLE 12 
FARS 79 

Land Use 

Highway class is shown in Tables 14 and 15. Consistent with the 

above observation, side impacts are more likely on local streets and 

county roads. The only exception is that they are also relatively more 

prevalent on arterial highways in the NCSS data. 

Land Use 

Rura 1 

Urban 

Total 

M.D. 

Tables 16 and 17 show accident type by road surface condition. The 

fatal accidents (FARS) have a greater proportion of side impacts on wet 

Vehicles 

Side Impacts 

N 

483 

22 1 

704 

6 

Other Impacts 

% 

68.6 

31.4 

100.0 

N 

381 3 

1243 

5056 

59 

% 

75 4 

24.6 

100.0 



TABLE 13 
NCSS2 

L i g h t  Trucks 
Rural /Urban (Weighted) 

TABLE 14 
FARS 79 

Highway Class  

Rural /Urban 

Rura l  

Urban 

T o t a l  

H.D. 

Veh ic les  

Highway Class  

L imi  t ed  Access 

U.S./State Route 

Major  A r t e r y  

County Road 

Loca l  S t r e e t  

Orher 

T o t a l  

M.D. 

S ide Impacts 

V e h i c l e s  

N 

154 

4 19 

573 

0 

% 

269 

73.1 

100.0 

Other Impacts 

S ide  Impacts 

N 

1115 

1575 

2690 

0 

T o t a l  

N 

33 

367 

1 1  

161 

120 

12 

704 

6 

Other Impacts 

2 

41.4 

58.6 

100.0 

N 

1269 

1994 

3263 

0 

% 

4.6 

52.1 

1.6 

22.9 

17.0 

1.7 

100.0 

N 

546 

2799 

8 1 

996 

527 

121 

5070 

4 5 

% 

38.9 

61.1 

100.0 

% 

10.8 

55.2 

1.6 

19.6 

10.4 

2.4 

100.0 



TABLE 15 
NCSS2 

L igh t  Trucks, Highway Class (Weighted) 

roads and fewer on d ry  roads. The reverse i s  t r u e  f o r  the NCSS data.  

An exp lana t ion  f o r  t h i s  con t ras t  i n  the two data se ts  i s  no t  ev iden t .  

Highway Class 

Freeway/Expressway 

A r t e r i a l  Highway 

Minor A r t e r i a l  
Major Street/Hwy 

Col 1 ector-Through 
S treet/Hwy 

Local Street/Road 

Other 

Tota 1 

M.D. 

Tab le  18 g ives  the d i s t r i b u t i o n  o f  c o l l i s i o n  c o n f i g u r a t i o n  f o r  l i g h t  

t rucks  i n  the FARS data.  As would be expected, the m a j o r i t y  o f  mu l t i -  

v e h i c l e  s i d e  impacts a re  angle  c o l l i s i o n s ,  and fewer o f  the  s i de  impacts 

a re  s i n g l e - v e h i c l e  acc idents  than o f  o ther  impacts. 

Because o f  the  d e f i n i t i o n s  used i n  FARS coding, the re  a re  a  smal l  

p r o p o r t i o n  o f  head-on, rear-end, and other  con f i gu ra t i ons  among the  s i de  

impacts. 

Vehic les  

The p r i n c i p a l  impact p o i n t  o f  the F A R S  cases i s  g iven i n  Table  19. 

The c lock  d i r e c t i o n  used here should no t  be confused w i t h  d i r e c t i o n  o f  

impact f o r c e  as used i n  t he  C o l l i s i o n  Deformat ion C l a s s i f i c a t i o n .  I t  i s  

used here no t  t o  spec i f y  a  d i r e c t i o n  o f  the p r i n c i p a l  damage, bu t  the 

To ta l  S i de l rnpac t s  

N 

287 

687 

634 

697 

893 

48 

3246 

17 

Other Impacts 

N 

11 

145 

132 

113 

172 

0 

57 3 

0 

% 

8.8 

21.2 

19.5 

21.5 

27.5 

1 - 5  

100.0 

N 

276 

54 2 

502 

584 

72 1 

48 

2673 

17 

% 

1.9 

25 3 

23.0 

1 3 - 7  

30 .O 

0.0 

100.0 

% 

10.4 

20.3 

18.8 

21.8 

27.0 

1.8 

100.0 



TABLE 16 
FARS 79 

Surface Condi t ion 

l o c a t i o n  on the  veh i c l e .  Codes 12 and 6 denote the f r o n t  and rear  

areas; 1, 5, 7, and 1 1  the  fou r  corners.  Each s i de  i s  d i v i d e d  i n t o  

th ree  regions--2-4 on the r i g h t  and 8-10 on t h e  l e f t .  A l l  s i d e  impacts 

f a l l  i n t o  t he  2-4 and 8-10 ranges because these were used as the  

d e f i n i n g  c r i t e r i a .  The 6.9 percent  o f  the "other i i  impacts which were t o  

the s ide  o f  t he  v e h i c l e  a lso  invo lved  r o l l o v e r ,  and hence were no t  

inc luded w i t h  t h e  s ide  impacts. The l o c a t i o n  o f  the s i de  impacts i s  

nea r l y  symmetrical r i g h t  and l e f t  (48.7 percent  and 51.3 percent,  

respec t i ve ly )  . 

Surf ace 
Cond i t i on 

D r Y 

Wet 

Snow/ 1 ce 

Sand,Dir t ,Oi l  

Other 

Tota l  

M. D.  

The ex ten t  o f  deformat ion f o r  t he  F A R S  da ta  a re  shown i n  Table 20. 

As might  be expected, near ly  a l l  o f  the crashes w i t h  f a t a l i t i e s  had 

d i s a b l i n g  damage. The p ropo r t i on  among s i de  impacts and o the r  impacts 

i s  near l y  i d e n t i c a l .  

The F A R S  da ta  do no t  have a v a r i a b l e  d i r e c t l y  i d e n t i f y i n g  the 

o b j e c t  s t ruck .  However, the "Most Harmful Event" i s  very  s i m i l a r .  The 

major d i f f e r e n c e  between t h i s  and the  t y p i c a l  o b j e c t  s t ruck  v a r i a b l e  i s  

Vehic les  

Side Impact 

N 

532 

135 

37 

0 

4 

708 

2 

Other Impact 

% 

75.1 

19.1 

5.2 

0.0 

0.6 

100.0 

N 

41 78  

688 

193 

10 

16 

5085 

3 0 

% 

82.2 

13.5 

3.8 

0.2 

0 3 

100.0 



TABLE 17 
NCSS2 

Light Trucks, Road Condition (Weighted) 

that the FARS variable has little detail on the type of motor vehicles 

struck, but does include information on non-collisions. 

Condition 

Dry 

Wet 

I ce 

Snow 

Other 

Total 

M.D. 

The distributions of most harmful event for side and other impacts 

is given in Table 21. Over two-thirds of the side impacts are with non- 

fixed objects, namely vehicles in transport (55.5 percent) and railroad 

trains (10.1 percent) , whi le 28.4 percent were f i xed-object col l i s ions. 

It is interesting to note that both types of collisions, i.e., non- 

f i xed-obj ect and f i xed-object, have higher proportions among side 

impacts than among other impacts, whi le Table 18 showed a higher 

proportion of single-vehicle accidents among other than side impacts. 

The reason is that all rollovers were assigned to the other impact 

category and non-collisions rollovers account for 35 percent of the 
other impacts. It should be noted that although these rollovers are 

non-collision events, they may have been associated with a collision, 

e.g., following an impact with another vehicle. 

Vehicles 

To ta 1 Side Impacts 

N 

2204 

833 

141 

6 5 

20 

3263 

0 

Other Impacts 

N 

435 

125 

1 

12 

0 

573 

0 

% 

67.5 

25.5 

4 3 

2 .O 

0.6 

100.0 

N 

1769 

708 

140 

5 3 

20 

2690 

0 

% 

75.9 

21.8 

0.2 

2.1 

0.0 

100.0 

% 

65.8 

26.3 

5.2 

2.0 

0 7 

100.0 



TABLE 18 
FARS 79 

Collision Configuration 

The distributions of object struck for side- and other-impacted 

vehicles in NCSS are given in Table 22. Collisions with motor vehicles 

and railroad trains account for 68.7 percent of the side impacts. This 

is nearly identical to the results for fatal side impacts in FARS (68.3 

percent). The results given in Tables 21 and 22 for other vehicles must 

be compared with caution, since the large number of non-collision 

rollovers in Table 21 would have occurred in either multi-vehicle or 

fixed-object collisions. 

Coll ision 
Configuration 

Single-Vehicle 

Rear -end 

Head-on 

Rear - to-Rear 

Angle 

Sideswipe 
same direction 

S i desw i pe 
oppos i te 

direction 

Total 

M.D. 

The objects struck in Table 22 have been regrouped and consolidated 

in Table 23 to give a better representation of striking vehicles by type 

and size. Collisions with passenger cars account for 55.3 percent of 

the side impacts, or 82 percent of side impacts with motor vehicles. 

Veh i c 1 es 

Side Impact 

N 

293 

9 

45 

0 

3 19 

20 

2 3 

709 

1 

Other Impact 

% 

41.3 

1.3 

6 3 

0.0 

45.0 

2.8 

3.2 

100.0 

N 

3225 

297 

928 

1 

492 

56 

110 

5 109 

6 

% 

63.1 

5-8 

18.2 

0.0 

9.6 

1.1 

2.2 

100.0 



TABLE 19 
F A R S  79 

Principal Impact Point 

Other light trucks and heavy trucks and buses account for only 12.1 

percent. The distribution for other impacts i s  significantly different 



TABLE 20 
FARS 79 

Extent  o f  Deformat ion 

than f o r  s i de  impacts, a t  t he  0.00 l e v e l ,  b u t  t he  d i f f e r e n c e s  a re  no t  

large.  Impacts w i t h  passenger ca rs  a re  less  f requen t  and t h i s  

d i f f e r e n c e  i s  accounted f o r  by an increased inc idence o f  o b j e c t  impacts 

and t o  a lesser  ex ten t  by l i g h t  t rucks .  

Extent  o f  
Deformat ion 

None 

M i  nor 

Funct iona l  
(moderate) 

Disab l  i ng  
(severe) 

Tota 1 

M.D. 

The numbers of l i g h t  t r ucks  w i t h  doors opening d u r i n g  the c o l l i s i o n  

a re  shown f o r  the NCSS data i n  Table 24 ( the  FARS da ta  do not  p rov ide  

s i m i l a r  i n f o rma t i on ) .  One or  more doors opened i n  15 percent  o f  the 

l i g h t  t r ucks  i n  s i d e  impacts, b u t  i n  o n l y  9.5 percent  o f  the  o ther  

impacts. The major d i f f e r e n c e  i s  t h e  5.5 percent  o f  "other 

combinations" i n  s i d e  impacts. Apparent ly these a r e  vans and u t i l i t y  

veh ic les ,  and may i nvo l ve  the  rear  door, I n  s i de  impacts, the  r i g h t  and 

l e f t  f r o n t  doors opened w i t h  equal frequency, w h i l e  the l e f t  opened 

tw ice  as f r equen t l y  as the  r i g h t  i n  o ther  impacts. 

The number o f  f a t a l i t i e s  per v e h i c l e  i s  shown i n  Table 25. 

Although there  a re  smal l  d i f f e r e n c e s  between s i de  and other  impacts, 

Vehic les 

Side Impact 

N 

3 

6 

62 

632  

703 

3 

Other Impact 

% 

0.4 

0 9 

8.8 

89 9 

100.0 

N 

200 

39 

320 

4533 

5092 

2 3 

% 

3 - 9  

0.8 

6.3 

89.0 

100.0 



TABLE 21 
FARS 79 

Most Harmful Event 

Non-collisions 
Over turn 
Fire/explosion 
lmmers ion 
Gas Inhalation 
Fell from vehicle 
Injured in vehicle 
Other non-collision 

Coll ision 
Not-F i xed-Object 
R.R.Trai n 
An i ma 1 
Vehicle in 
Transport 
Vehicle in 
Other Roadway 
Parked Vehicle 
Other Object 
(not f i xed) 

Fixed Object 
Bui lding 
Culvert/Ditch 
Curb/Wal 1 
Divider 
Embankment 
Fence 
Guard Rai 1 
Light Support 
Sign Post 
Tree/Shrubbery 
Utility  Pole 
Other Pole or 
Support 
Impact Attenuator 
Other fixed object 
Bridge/Overpass 

Total 
M.D. 

Side 

N 

22 
0 
15 
2 
0 
6 
0 
0 

- 484 
7 2 
0 

393 

10 
8 

1 

- 20 1 
5 
9 
5 
0 
7 
1 
8 
5 
1 

99 
46 

6 
0 
5 
4 

708 
2 

Vehicles 

Impacts 

% 

3.2 
0 .O 
2.1 
0.3 
0.0 
0.8 
0.0 
0 .O 

- 68.4 
10.1 
0.0 

55.5 

1.4 
1.1 

0.1 

- 28.4 
0 7 
1.3 
0-7 
0.0 
1 .O 
0,l 
1 . 1  
0.7 
0.1 
14.0 
6.5 

0.8 
0.0 
0 7 
0.5 

100.0 

Other 

N 

- 224 1 
1804 
120 
7 3 

1 
224 
6 
13 

1772 
52 
3 

1578 

2 9 
9 7 

13 

1085 
16 
96 
3 5 
8 

15 1 
14 
7 0 
12 
14 

375 
128 

15 
1 

4 3 
107 

5098 
17 

Impacts 

, % 

- 44.0 
35 3 
2 3 
1.4 
0.0 
4.4 
0.1 
0.3 

34 8 
1 .O 
0.1 

30.9 

0.6 
1-9 

0.3 

21.3 
0.3 
1.9 
0.7 
0.2 
3 -0 
0 3 
1.4 
0.2 
0.3 

? ? 
2 $ 5  

0.3 
0.0 
0.8 
2.1 

100.0 



TABLE 22 
NCSS2 

L i g h t  Trucks, Object Struck (Weighted) 

b 

Object 

Passenger Car: 
Sub Compact 
Compact 
In te rmed ia te  
Standard 
Luxury/Limousine 

Truck 
Truck ( t o  10,000 I b . )  
Truck (over  10,000) 
T rac to r  w/wo 

T r a l  l e r  

Bus 
Schoo 1 
0 t her 

Other Veh ic le  
R.R.Train 
Other Vehic le  

Unknown Vehic le  

F ixed  Object 
Tree ( t o  6 "  diameter) 
Tree (over  6 " )  
U t i l i t y  Pole 
Breakaway Pole 
Culvert/Ground/ 

R.R.Tracks/Curb 
Abutment/Retafnfng 

Wal l /Br idge Support 
Embankment 
B u i l d i n g  
Br idge  Rail 
Guard Ra I 1 
Other Not-movable 

Object 

Movable Object :  

To ta l  

M . D .  

Side 

N 

317 - 
30 
39 

144 
4  5  
59 

- 69 
49 

3  

17 

2 
0 
0 

- 1  
1  
0 

- 7 

126 - 
11 
28 
58 
I 

1 

0 
1  
0 

10 
15 

1  

- 53 

573 

0 

Impacts 

% 

5 5 . 3  
5 . 2  
6 . 8  

2 5 . 1  
7 . 9  

1 0 . 3  

8 . 6  
0 . 5  

3 . 0  

- 0 . 0  
0 . 0  
0.0 

0 . 2  
0.2 
0 . 0  

- 1 . 2  

2 2 . 0  
1 . 9  
4 . 9  

10 .1  
0 . 2  

0 . 2  

0.0 
0 . 2  
0 . 0  
1 . 7  
2 . 6  

0 . 2  

- 9 . 2  

100 .0  

Vehicles 

Other 

N 

1121 
205 
247 
349 
260 

6 0  

12.0- 
331 

14 

51 

2 
11 
18 

- 4  
0 
4 

54 
1033 

29 
163 
239 

4  

107 

22 
29 

5  
64  
85  

286 

31 

2668 

22 

N 

1438 
235 
286 
493 
305 
119 

380 
17 

68  

29 - 
1 1  
I 8  

I 
4  

61  - 
40 

191 
297 

5 

108 

22 
30  

5  
74 

100 

287 

- - -  84 

3241 

22 

Impacts 

'/D 

42 .0  
7 . 7  
9 . 3  

1 3 . 1  
9 . 7  
2 . 2  

12 .4  
0 . 5  

1 . 9  

1 . 1  - 
0 . 4  
0 . 7  

0 . 1  - 
0 . 0  
0 . 1  

2 . 0  - 
3 8 . 7 1 1 5 9  

1 . 1  
6 . 1  
9 . 0  
0 . 1  

4 . 0  

0 . 8  
1 . 1  
0 . 2  
2 . 4  
3 . 2  

10 .7  

I I 

100.0 

To ta l  

% 

4 4 . 4  
7 . 3  
8 . 8  

15 .2  
9 . 4  
3 . 7  

11 .7  
0 . 5  

2 . 1  

0.9 
0 . 3  
0 . 6  

0.2 
0 . 0  
0 . 1  

1.9 - 
3 5 . 8  

1 . 2  
5 . 9  
9 . 2  
0 . 2  

3 . 3  

0 . 7  
0 . 9  
0 . 2  
2 . 3  
3 . 1  

8 . 9  

2 .6  

100 .0  



TABLE 23 
NCSS2 

L i g h t  Trucks, Veh ic le  Struck (Weighted) 

they a re  no t  s i g n i f i c a n t  a t  the 0.05 l e v e l .  Only about two percent  o f  

the v e h i c l e s  had more than two occupants f a t a l l y  i n j u r e d .  

Vehic les 

3.2 OCCUPANTS I N  SIDE IMPACTS COMPARED TO OTHER IMPACTS 

Veh ic le  Struck 

Passenger Car 

L i g h t  Truck 

Heavy Truck/Bus 

Object  

Other 

Tota 1 

M.D. 

The t ab les  t h a t  have been presented (10 through 25) g i ve  v e h i c l e  

counts, and are intended t o  represent where and under what cond i t i ons  

s ide  impacts occur,  and compare them w i t h  o ther  impacts. They a l s o  

inc lude  a few t ab les  f o r  which the in fo rmat ion  i s  v e h i c l e  o r ien ted ,  and 

thus f o r  which v e h i c l e  counts a re  appropr ia te ;  e.g., v e h i c l e  type, 

o b j e c t  s t r uck ,  and door opening du r i ng  the c o l l i s i o n .  Occupants i n  s i de  

impacts a r e  compared w i t h  those i n  o ther  impacts i n  Tables 26 through 38 
f o r  a number of occupant va r iab les ,  as we l l  as a few veh i c l e - r e l a ted  

va r i ab l es .  

Table  26 g ives the d i s t r i b u t i o n s  o f  occupants i n  f a t a l  involvements 

by t he  type o f  1 i g h t  t r uck .  The f i g u r e s  a re  t he  t o t a l  numbers o f  

occupants i n  veh ic les  i n  which there was a f a t a l i t y ,  no t  j u s t  a count 

Side Impact 

N 

317 

49 

20 

179 

8 

573 

0 

Other Impact 

% 

55.3 

8.6 

3.5 

31.2 

1.4 

100.0 

N 

1 1 2 1  

33 1 

94 

1064 

58 

2668 

2 2 

To ta l  

% 

42.0 

12.4 

3.5 

39.9 

2.2 

100.0 

N 

1438 

380 

114 

1243 

66 

3241 

2 2 

% 

44.4 

11.7 

3 * 5  

38.4 

2.0 

100.0 



TABLE 24 
NCSS2 

L i g h t  Trucks 
Door Opening Dur ing C o l l i s i o n  (Weighted) 

the  f a t a l  i t i e s .  Over 80 percent o f  the occupants i n  f a t a l  1 i g h t  t r ucks  

were i n  p ickups.  Fewer than o n e - f i f t h  were i n  vans, wh i l e  truck-based 

s t a t i o n  wagons accounted f o r  less  than two percent .  The d i s t r i b u t i o n  

f o r  veh i c l es  i n  s i d e  and other impacts a re  near l y  the same. The ac tua l  

number o f  f a t a l i t i e s  a re  shown i n  Table 27. Again, the d i s t r i b u t i o n s  

f o r  t he  two types o f  impacts a re  s i m i l a r  and a l s o  s i m i l a r  t o  those f o r  

a l l  occupants i n  f a t a l  veh ic les  g i ven  i n T a b l e  26. A t o t a l  o f  6457 

occupants o f  1 i g h t  t rucks  were f a t a l  l y  i n j u r e d  i n  1979, o f  whom 809 o r  

12.5 percent  were i n  side-impacted veh i c l es .  

- 

Door Opening 

None Opened 

L e f t  Front  

R igh t  Front  

R igh t  Rear 

L e f t  & R igh t  F ron t  

R igh t  Front  & Rear 

Other Combination 

To ta l  

M.D. 
i 

The d i s t r i b u t i o n s  of ob j ec t  s t r uck  among occupants i n  the  NCSS data 

a re  g iven  i n  Table 28, w i t h  r e s u l t s  nea r l y  the same as i n  Table 22 f o r  

v e h i c l e s .  Th i s  suggests t h a t  the occupancy o f  l i g h t  t r ucks  i s  near l y  

t he  same f o r  bo th  types o f  impacts and f o r  a l l  ob j ec t s  s t r uck .  Table 29 

Vehic les 

Side Impacts 

N 

477 

26 

26 

1 

0  

0  

3 1 

56 1 

12 

% 

85.0 

4.6 

4.6 

0.2 

0.0 

0.0 

5.5 

100.0 

Other Impacts 

N  

1907 

116 

5 5 

1 

2  4 

2 

3 

2108 

582 

To ta l  

% 

90.5 

5.5 

2.6 

0  .O 

1 . 1  

0.1 

0.1 

100.0 

N  

2384 

142 

8 1 

2  

2  4 

2  

3 4  

2669 

594 

% 

89.3 

5 3 

3.0 

0.1 

0.9 

0.1 

1 - 3  

100.0 



TABLE 25 
FARS 79 

To ta l  F a t a l i t i e s  i n  Veh ic le  

g ives the r e s u l t s  w i t h  a  regrouping o f  o b j e c t  s t r uck  t o  g i ve  a  b e t t e r  

r ep resen ta t i on  o f  types o f  s t r i k i n g  veh ic les ,  and corresponds t o  Table 

2 3  which gave v e h i c l e  counts.  The r e s u l t s  i n  Table 29 are  nea r l y  the 

same as those o f  the e a r l i e r  t ab l e ,  and the same observat ions apply .  

Fa ta l  i t i e s  

One 

Two 

Three 

Four 

F i v e  

S i x-Ten 

To ta l  
M.D. 

To ta l  Number 
o f  F a t a l i t i e s  

Table  30 i nd i ca tes  t h a t  somewhat more males a re  invo lved  i n  s ide  

impacts than other  impacts, a l though the d i f f e r e n c e  i s  smal l  and o f  

l i t t l e  p r a c t i c a l  s i gn i f i cance .  Age d i s t r i b u t i o n s  a re  g iven i n  Table 31 .  

The no tab le  d i f f e rences  a re  i n  the 15-19 year-olds who a re  

overrepresented i n  s ide  impacts, and the 20-24 year-o lds who a re  

cor responding ly  underrepresented. Other age groups are e i t h e r  s i m i l a r l y  

represented i n  both types of  impacts or  have small numbers i n  the s i de  

impacts (0-1 4 and 65 and over) . 
R e s t r a i n t  usage among f a t a l l y - i n j u r e d  occupants i s  shown i n  Table 

3 2 .  The r e s u l t s  are nea r l y  t he  same f o r  both types o f  impacts, w i t h  

Vehic les 

Side Impact Other Impact 

N 

6 34 

60 

10 

5 

1 

0 

710 
0 

809 

N 

4699 

339 

5 8 

10 

5 

4 

51 15 
0  

5649 

% 

89 3 

8.5 

1.4 

0  7 

0.1 

0  .O 

100.0 

% 

91 - 9  

6.6 

1.1 

0.2 

0.1 

0.1 

100.0 



TABLE 26 
FARS 79 
Body Type 

>?All occupants of the vehicle, not just fatals. 

Body Type 

P i  ckup 

Van 

Large 
Station Wagon 

Total 

M.D. 

TABLE 27 
FARS 79 

Fatalities by  Vehicle Type 

Occupan tsn 

only 1.2 percent of the occupants in side impacts using restraints. 

Table 33 gives the corresponding results for all light truck occupants 

Vehicle 

Pi ckups 

Vans 

Large 
Station Wagon 

Total 

Side Impact 

N 

1088 

2 33 

20 

1341 

0 

Other Impacts 

Fatal i ties 

% 

81.1 

17.4 

1.5 

100.0 

N 

7780 

1745 

172 

9697 

0 

% 

80.2 

18.0 

1.8 

100.0 

Side Impact 

N 

686 

109 

14 

809 

Other Impact 

% 

84.8 

13-5 

1.7 

100.0 

N 

4660 

907 

8 1 

5648 

% 

82.5 

16.1 

1.4 

100.0 



TABLE 28  
NCSS2 

L i g h t  Trucks 
Object Struck (Weighted) 

Object 

Passenger Car 
Sub Compact 
Compac t 
In te rmed ia te  
Standard 
Luxury/Limousine 

Truck : 
Truck ( t o  10 .000  l b . )  
Truck (over  1 0 . 0 0 0 )  
Trac to r  w/wo 

T ra i  l e r  

BUS : 
Schoo 1 
Other 

Other Vehic le :  
R.R.Tra in  
Other Vehic le  

Unknown Vehic le  

F ixed  Ob jec t :  
Tree ( t o  6 "  diameter)  
Tree (over  6 " )  
U t i l i t y  Pole 
Breakaway Pole 
Culvert/Ground/ 
RR Tracks/Curb 
Abutment/Retaining 
Wal l /B r i dge  Support 
Embankment 
Bui l d i n g  
Br idge  R a i l  
Guard Ra i 1 
Other Not-Moveable 
Object 

Movable Ob jec t :  

To ta l  

M . D .  

Side 

N 

439 - 
3  2  
4  6 

203  
72 
8 6  

- 102 
78 

4  

2 0  

- 
0 
0 

- 1  
1 
0 

- 8  

- 190 
31 
5 5  
7 0  

I  

1  

0 
2 
0 

10  
19 

1  

- 6 3  

8 0 3  

0 

Impacts 

% 

5 4 . 7  
4 . 0  
5 . 7  

2 5 . 3  
9 . 0  

1 0 . 7  

12.7 
9 . 7  
0 . 5  

2.5 

0 -  0 . 0  
0 . 0  
0 . 0  

0 . 1  - 
0 . 1  
0 . 0  

- 1 . 0  

2 3 . 7  
3 . 9  
6 . 8  
8 . 7  
0 .1  

0.1 

0 . 0  
0 . 2  
0 . 0  
1 . 2  
2 . 4  

0 .1  

- 7 . 8  

100.0 

Occupants 

Other 

N 

1806 
328 
390  
525 
478 

8 5  

637 
557 

18 

62 

40 
22 
18 

6  - 
0  
6 

64 

1605 
30  

286 
309 

4 

147 

22 
4 0  
10 

169 
95 

493 

38 
4196 

3  5  

N 

4 3 . 0 2 1 4 5  
3 6 0  
436 
728 
550  
171 

739 
ti35 

22 

8 2  

- 40  
22 
18 

- 7 
i 
6 

72 - 
3 8 . 3 1 7 9 5  

6 1  
341 
379 

5  

148 

22 
42 
10 

179 
114 

494 

4999 

3  5 

Impacts 

% 

7 . 8  
9 . 3  

1 2 . 5  
1 1 4  
2 . 0  

15.2 
1 3 . 3  
0 . 4  

1 . 5  

- 0 . 9  
0 . 5  
0 . 4  

- 0.1 
0 . 0  
0 .  1 

1 . 5  - 

0 . 7  
6 . 8  
7 . 4  
0 . 1  

3 . 5  

0 . 5  
1.0 
0 . 2  
4 . 0  
2 . 3  

1 1 . 7  

0 . 9  - 
100.0 

Tota l  ' 

O/, 

4 2 . 9  
7 . 2  
8 . 7  

1 4 . 6  
1 1 . 0  
3 . 4  

14.8 
1 2 . 7  
0 . 4  

1 . 6  

- 0 . 8  
0 . 4  
0 . 4  

0.1 
0 . 0  
0 .  1 

1 . 4  - 
3 5 . 9  

1 . 2  
6 . 8  
7 . 6  
0 . 1  

3 . 0  

0 . 4  
0 . 8  
0 . 2  
3 . 6  
2 . 3  

9 . 9  

2.1 

1 0 0 . 0  



TABLE 29 
NCSS2 

L i g h t  Trucks, Occupants (Weighted) 
V e h i c l e  S t ruck  

TABLE 30 
NCSS2 

L i g h t  Trucks, Occupants (Weighted) 
Occupant Sex 

Veh ic le  S t ruck  

Passenger Car 

L i g h t  Truck 

Heavy Truck/Bus 

Object  

Other 

To ta  1 

M.D. 

Occupants 

Sex 

Male 

Female 

T o t a l  

M.D. 

Side Impacts 

Occupants 

N 

439 

78 

2 4 

253 

9 

803 

0 

% 

54.7 

9.7 

3.0 

31.5 

1 . 1  

100.0 

Other Impacts 

N 

1806 

557 

120 

1625 

7 0 

4178 

53 

Tota  1 

T o t a l  S ide Impacts 

% 

43.2 

13.3 

2.9 

38.9 

1.7 

100.0 

N 

2245 

635 

144 

1878 

79 

4981 

5 3 

N 

4059 

943 

5002 

3 2 

Other l mpacts 

N 

662 

139 

80 1 

2 

% 

45.1 

12.7 

2.9 

37.7 

1.6 

100.0 

% 

81.1 

18.9 

100.0 

N 

3397 

804 

4201 

30 

% 

82.6 

17.4 

100.0 

% 

80.9 

1 9 ~  

100.1 



TABLE 31 
NCSS2 

L i g h t  Trucks,  Occupants (Weighted) , Occupant Age 

i n  t h e  NCSS da ta .  A l though r e s t r a i n t  usage among a l l  i n j u r y  c a t e g o r i e s  

i s  h ighe r  than  among t h e  f a t a l s  o f  T a b l e  32, t h e  usage i s  s t i l l  v e r y  

low; o n l y  2.4 pe rcen t  i n  b o t h  s i d e  and o t h e r  impacts.  

Age 
(years)  

0- 14 

15-19 

20-24 

25-34 

35-44 

45-64 

65 and over  

T o t a l  

M.D. 

The ex t reme ly  low r e s t r a i n t  usage r a t e s  r a i s e  t h e  q u e s t i o n  o f  

e j e c t i o n  r a t e s  f o r  l i g h t  t r u c k  occupants.  Among f a t a l s ,  e j e c t i o n  a r e  

25.1 pe rcen t  f o r  those i n  s i d e  impacts, and 27.3 pe rcen t  f o r  o t h e r  

impacts as shown i n  T a b l e  34. Thus w h i l e  e j e c t i o n  i s  o f t e n  assoc ia ted  

w i t h  f a t a l i t y  i n  l i g h t - t r u c k  s i d e  impacts, e j e c t i o n  i s  n e a r l y  one-and- 

one-ha l f  t imes  as f r e q u e n t  i n  o t h e r  impact  f a t a l i t i e s .  E j e c t i o n  among 

a l l  occupants i s  much lower .  Whi le  most o f  t h e  e j e c t i o n s  i n  F A R S  a r e  

from p ickups,  t h e  e j e c t i o n  r a t e  i s  h i g h e r  f o r  smal l  vans as shown i n  

Tab le  35. The numbers i n  Tab le  35 a r e  t h e  number e j e c t e d ,  w h i l e  t h e  

percentages a r e  t h e  p r o p o r t i o n  c f  t h e  f a t a l i t i e s  i n  each t ype  o f  v e h i c l e  

who were e j e c t e d .  

Occupants 

To t a  1 S ide  Impacts 

N 

409 

988 

1114 

1160 

563 

559 

192 

4985 

4 9 

Other Impacts 

N 

4 5 

222 

108 

192 

98 

113 

13 

79 1 

12 

% 

8.2 

19.8 

22.3 

23.3 

11.3 

11.2 

3 8 

100.0 

N 

364 

766 

1006 

968 

465 

446 

179 

4194 

37 

% 

5.7 

28.1 

13.7 

24.3  

12.4 

14.2 

1.7 

100.0 

% 

8.7 

18.3 

24.0 

23.1 

11.1 

10.6 

4.3 

100.0 



TABLE 32 
F A R S  79 

Res t ra i n t s  

The r e s u l t s  f o r  the  NCSS data a re  g iven i n  Table  36 where e j e c t i o n  

i s  o n l y  1.9 percent  f o r  s ide  impacts. Here a lso ,  e j e c t i o n  i n  o ther  

impacts i s  about one-and-one-half t imes as f requen t  i n  s i de  impacts. 

Thus, al though e j e c t i o n  i s  no t  f requen t  i n  l i g h t - t r u c k  s i de  impacts, i t  

i s  f requent  among t he  f a t a l l y - i n j u r e d  occupants. 

R e s t r a i n t  

None 

Lap b e l t  

Shoulder be1 t 

Lap & Shoulder 

Res t ra i n t  used- 
type unknown 

To ta l  

M.D. 
w 

E j e c t i o n  p o r t a l s  a re  no t  g iven  i n  the  F A R S  data,  bu t  a re  shown i n  

Table 37 f o r  the  e jec ted  occupants o f  NCSS. Approximately h a l f  the  

s ide-  impact e j e c t  ions a re  through w i  ndow openings (53.8 percent)  and 

about ha1 f  through door areas (46.2 percent)  . A 1  though the numbers o f  

cases are smal 1 ,  n e a r l y  i d e n t i c a l  r e s u l t s  were obta ined f o r  o ther  

impacts (52.3 percent  and 47.7 percent ,  r e s p e c t i v e l y ) .  

I n j u r y  s e v e r i t y  among occupants i n  s i de  and other  impacts i n  the  

NCSS data a re  compared i n  Tables 3 1  and 32. Table 31 g ives  the  

p ropor t ions  w i t h  AIS=3 or  g rea te r ,  and Table j9 gives the  p ropo r t i ons  

w i t h  AIS=4 or  g rea te r .  The d i f f e r e n c e  i n  p ropo r t i ons  f o r  s ide  and o ther  

Occupants 

Side Impact 

N 

633 

4 

1 

0  

4 

642 

167 

Other Impacts 

% 

98.6 

0.6 

0.2 

0.0 

0.6 

N 

454 1 

2  9 

4 

14 

8 

4596 

1053 

% 

98.8 

0.6 

0.1 

0  3 

0.2 



TABLE 33 
NCSS2 

L i g h t  Trucks,  Occupants (Weighted) , R e s t r a i n t  Used 

TABLE 34 
FARS 79 

E j e c t i o n  

R e s t r a i  n t  

None Used 

Lap Only 

Lap and Torso 

C h i l d  Seat  

None A v a i l a b l e  

T o t a l  

M.D. 
- -- - - - 

Occupants 

E j e c t i o n  

Not E j e c t e d  

E j ec t e d  
P a r t i a l l y  
Comple te ly  

T o t a l  

M.D. 

S ide Impacts 

F a t a l  l y - I n j u r e d  
Occupants 

N 

740 

12 

7 

0 

4 3 

802 

1 
- 

% 

92.3 

1 - 5  

0 .9  

0 .O 

5 .4 

100.0 

-- 

Other Impacts 

S i d e  Impact 

N 

3378 

6 3 

20 

1 1  

490 

3962 

269 
-- 

T o t a l  

N 

597 

200 - 
2 4 

176 

797 

12 

Other Impacts 

% 

85.3 

1.6 

0 5 

0.3 

12.4 

100.0 

N 

4118 

7 5 

2 7 

1 1  

533 

4764 

270 

% 

74.9 

25.1 
3 a0 

22.1 

100.0 

N 

3516 

2090 
250 

1840 

5606 

4 3 

% 

86.4 

1.6 

0.6 

0.2 

11.2 

100.0 

% 

62.7 

4.5 
2d 

32.8 

100.0 



TABLE 35 
F A R S  79 

E j e c t i o n  by  V e h i c l e  Type 

$(Row p e r c e n t .  

V e h i c l e  Type 

P ickups 

Vans 

Large 
S t a t  i on Wagons 

To ta  1 

TABLE 36 
NCSS2 

L i g h t  Trucks,  Occupants (weighted) , E j e c t i o n  

F a t a l  l y -  I n j u r e d  
Occupants 

impacts a r e  n o t  s i g n i f i c a n t  a t  t h e  0.1 l e v e l  f o r  e i t h e r  t a b l e .  The 

number of f a t a l i t i e s  i s  n e a r l y  t w i c e  as g r e a t  as the  number w i t h  AIS-4 

and 5 i n  b o t h  impact types.  The 22 occupants o f  s i d e  impacts w i t h  

E j e c t i o n  

E j e c t e d  

Not E j e c t e d  

T o t a l  

M.D. 

S ide  Impacts 

N 

163 

36 

1 

200 

Other Impacts 

Occupants 

%* 

24.1 

34 .O 

7 . 1  

25.1 

N 

1699 

35 1 

4 0 

2090 

%s: 

36.6 

39.4 

49.4 

37 ~3 

S ide Impacts 

N 

14 

729 

743 

60 

% 

1 .g 

98.1 

100.0 

Other Impacts 

N 

114 

3844 

3958 

2 7 3 

T o t a l  

% 

2.9 

97.1 

100.0 

N 

128 

4573 

4701 

3 3 3 

% 

2.7 

9 7 - 3  

100.0 



TABLE 37 
NCSS2 

L i g h t  Trucks, Occupants (Weighted) 
E j e c t i o n  P o r t a l ,  E jected Occupants 

i n j u r i e s  o f  AIS=4 or  greater  ( i nc l ud ing  f a t a l s )  a re  surnrnar ized 

i n d i v i d u a l l y  i n  Appendix A .  

Por t a  1 

L e f t  F ron t  Window 

R i g h t  F ron t  Window 

Windshie ld  

Rear Window 

L e f t  F ron t  Door 

R i g h t  F ron t  Door 

R i g h t  Rear Door 

Other 

T o t a l  

M.D. 

3.3 COMPARISONS OF SINGLE- AND MULTI-VEHICLE LIGHT TRUCK SIDE IMPACTS 

The prev ious s e c t i o n  presented comparisons o f  l i g h t  t r uck  s i de  

impacts w i t h  a l l  o ther  impacts. I n  t h i s  sec t ion ,  l i g h t  t rucks  i n  s ide  

impacts w i l l  be examined by comparing those i n  s i ng l e - veh i c l e  

involvements w i t h  those i n  m u l t i - v e h i c l e  involvements. 

Occupants 

The t o t a l  number o f  f a t a l i t i e s  i n  each v e h i c l e  con ta i n i ng  a t  l e a s t  

one f a t a l i t y  i s  g iven  i n  Table 40 from the F A R S  data.  The d i s t r i b u t i o n s  

a re  n e a r l y  i d e n t i c a l  f o r  bo th  types o f  involvements.  A t o t a l  o f  509 

occupants were k i  1 l ed  i n  s i  ngle-veh i c l e  i nvolvements, o r  38.0 percent  o f  

To ta l  Side Impacts 

N 

7 

9 

Other Impacts 

N 

1 

4 

% 

6 - 9  

8.9 

N 

6 

5 

% 

7.7 

30.8 

2 

0 

5 

1 

0 

0 

13 

1 

% 

6.8 

5 7 

15.4 

0.0 

38.5 

7 * 7  

0.0 

0.0 

100.0 

31.7 

3 . 0 

40.6 

5 9 

1 .O 

2.0 

100.0 

30 

3 

3 6 

5 

1 

2 

8 8 

2 6 

34.1 I 32 

3 . 4  

40.9 

5 - 7  

1 . 1  

2 3 

100.0 

3 

4 1  

6 

1 

2 

101 

2 7 



TABLE 38 
NCSS2 

L igh t  Trucks,  Occupants (Weighted) 
I n j u r y  - A I S 3 +  

those k i l l e d  i n  s i d e  impacts. The p ropo r t i on  o f  v e h i c l e  f a t a l s  i n  

s i ng l e - veh i c l e  involvements was 39.9 percent o f  the s i d e  impacts, no t  

apprec iab ly  d i f f e r e n t  from t h a t  f o r  occupants. 

A I S  

0-2 

3-5 
(non- fa ta l )  

Fa ta l  

(3-Fatal)  

To ta l  

M.D. 

The l o c a t i o n  o f  t he  p r i n c i p a l  impact p o i n t  f o r  the FARS 

involvements i s  g iven  i n  Table 41, where the  numbers represent  v e h i c l e  

counts. The r i g h t  s i d e w a s  impacted i n  56.8 percent o f  the s i ng le -  

v e h i c l e  c o l l i s i o n s ,  w i t h  the  l e f t  s ide  r e c e i v i n g  on l y  43.2 percent o f  

t he  impacts. Jus t  the reverse occurred i n  m u l t i - v e h i c l e  acc idents ,  w i t h  

43.3 percent  o f  the impacts i n  t h e  r i g h t  and 56.7 on t he  l e f t .  The 

center  s i d e  area was most f r equen t l y  s t ruck  i n  the f a t a l  impacts, 

regard less o f  which s ide  was invo lved  o r  the  type of involvement. Few 

impacts t o  the  rear  t h i r d  occurred i n  e i t h e r  s i ng l e -  o r  m u l t i - v e h i c l e  

impacts. 

Tables 42 through 46 descr ibe  the  damage f o r  the s i d e  impacts i n  

the  NCSS p r o j e c t ,  a l l  based on the  C D C  represent ing the  s ide  impact. 

Occupants 

Side 
l mpacts 

N 

683 

26 

14 

4 0 

723 

8 0 

% 

94.5 

3.6 

1.9 

5.5 

100.0 

Other 
l mpac t s  

Tota 1 

N 

3354 

140 

7 9 

219 

3573 

658 

N 

4037 

166 

9 3 

259 

4296 

7 38 

% 

93.9 

3.9 

2.2 

6.1 

100.0 

% 

94.0 

3 9 

2.2 

6.1 

100.0 



TABLE 39 
NCSS2 

L i g h t  Trucks, Occupants (Weighted), I n j u r y  - AIS4-k 

Only occupant counts a re  g iven  as the r e s u l t s  a re  n e a r l y  the  same f o r  

v e h i c l e  counts.  

A IS 

0-3 

4-5 
(non- fa ta l )  

Fa ta l  

(4-Fatal)  

To ta l  

M.D. 

Table 42 i nd i ca tes  the l e f t  s ide  was s t ruck  more f r equen t l y  than 

the r i g h t  i n  both s i n g l e  and m u l t i p l e  involvements. The small 

d i f f e r e n c e  between s i n g l e -  and m u l t i - v e h i c l e  involvements i s  no t  

s i g n i f i c a n t  a t  the  0.1 l e v e l .  The r e s u l t  f o r  m u l t i - v e h i c l e  crashes i n  

NCSS i s  near l y  the same as i n  the F A R S  data o f  Table 41, bu t  NCSS does 

no t  show the  reversa l  f o r  s i n g l e - v e h i c l e  crashes. 

Table 43 g ives  the c lock  d i r e c t i o n  o f  impact fo rce .  Clock 

d i r e c t i o n s  o f  1 1 ,  12, and 01, i .e . ,  f o r c e  d i r e c t i o n s  w i t h i n  45' o f  

forward, account f o r  34.7 percent  o f  the  impacts. However, 50.5 percent  

o f  the s i ng le - veh i c l e  impacts a re  1 1 ,  12, and 01 o ' c l o c k  compared w i t h  

on l y  29.2 percent  among the  mu1 t i - v e h i c l e  impacts. The pa t t e rns  f o r  

s i n g l e -  and m u l t i - v e h i c l e  a re  q u i t e  d i f f e r e n t .  Whereas 31.9 percent o f  

the s i n g l e - v e h i c l e  cases a re  a t  3 and 9 o ' c l o c k ,  on l y  5 .3  percent o f  the  

m u l t i - v e h i c l e  cases are.  However, 62.4 percent  o f  t h e m u l t i - v e h i c l e  

impacts have f o r c e  d i r e c t i o n s  o f  2  and 10 o ' c l o c k .  A t  appeays t h a t  many 

Occupants 

To ta l  Side Impacts 

N 

4797 

52 

9 3 

145 

4942 

9 2  

Other Impacts 

N 

763 

8 

14  

2  2  

785 

18 

% 

97.1 

1 .1 

1.9 

3 - 0  

100.0 

N 

4034 

44 

7 9 

123 

4157 

7 4 

% 

97.2 

1  .O 

1 .8 

2.8 

100.0 

% 

97.0 

1 . 1  

1 .9 

3.0 

100.0 



TABLE 40 
FARS 79 

Side Impacts, F a t a l i t i e s  i n  Veh ic le  

o f  the  s i ng le - veh i c l e  impacts occur w i t h  t he  v e h i c l e  moving nea r l y  

forward--almost sideswipes. Near ly a  t h i r d  r e s u l t  i n  d i r e c t l y  l a t e r a l  

impacts, presumably a f t e r  a  r o t a t i o n a l  sk id .  M u l t i - v e h i c l e  impacts a re  

more l i k e l y  t o  occur i n  i n t e r s e c t i o n  t r a f f i c  s i t u a t i o n s  where bo th  

veh i c l es  have comparable v e l o c i t y ,  r e s u l t i n g  i n  84.7 percent o f  t he  

impacts between 15 and 75 degrees o f  the  forward l o n g i t u d i n a l  ax is .  

Fata l  i t i e s  
i n  Veh ic le  

One 

Two 

Three 

Four 

F i v e  

To ta l  

M.D. 

The h o r i z o n t a l  l o c a t i o n  o f  damage i s  g iven  i n  Table  44. Again t he  

pa t t e rns  a re  q u i t e  d i f f e r e n t  f o r  the  two types o f  impact. Near ly h a l f  

o f  the s i ng le - veh i c l e  impacts have d i s t r i b u t e d  damage, damage t o  t he  

f r o n t ,  passenger compartment, and rear  areas o f  t he  car .  Th is  i s  

cons i s t en t  w i t h  the  forward f o r ce  d i r e c t i o n s  noted i n  Table 43 which 

r e s u l t  i n  a  swip ing a long the  s ide.  Involvement o f  t he  passenger 

compartment dominates the  s i ng le - veh i c l e  cases, w i t h  damage l i m i t e d  t o  

the  f r o n t  o r  rear  areas o f  t h e  s ides i n  18.6 o f  the  cases. These 

r e s u l t s  con t ras t  w i t h  m u l t i - v e h i c l e  impacts where o n l y  17.7 percent a re  

d i s t r i b u t e d ,  bu t  46.5 percent  are con f ined  t o  the  f r o n t  or rear  

po r t i ons .  I n t e r e s t i n g l y ,  the p ropor t ions  which i nvo l ve  the passenger 

Veh ic le  

S ing le -Veh ic le  

N  

253 

2 2  

5 

3 

0  

283 

0  

Mu1 t i - V e h i c l e  

% 

89.4 

7 0 8  

1.8 

1 . 1  

0.0 

100.0 

N 

38 1 

3 8 

5 

2 

1 

427 

0  

% 

89.2 

8.9 

1.2 

0.5 

0.2 

100.0 



TABLE 41 
FARS 79 

Side Impacts, P r i n c i p a l  Impact Po in t  

TABLE 42 
NCSS2 

L i g h t  Trucks, Side Impacts, Occupants (Weighted) 
Side St ruck 

P r i n c i p a l  
Impact P o i n t  

Two O ' c l ock  

Three 0 '  Clock 

Four OiClock 

E igh t  O 'c lock  

Nine OiClock 

Ten O ' c l ock  

To ta l  

M.D. 

Veh ic le  

Side 

R i g h t  

L e f t  

Tota 1 

M.D. 

S ing le-Vehic le  M u l t i - V e h i c l e  

N 

38 

117 

6 

3 

88 

3 1 

283 

0 

S ing le -Veh ic le  

N 

4 4 

132 

9 

9 

177  

5 6 

427 

0 

% 

13.4 

41 $ 3  

2.1 

1 . 1  

3 1 . 1  

11.0 

100.0 

. 
N 

8 6 

134 

2 20 

0 

% 

10.3 

30-9  

2.1 

2.1 

41.5 

13.1 

.O 

% 

39.1 

60.9 

100.0 

M u l t i - V e h i c l e  

N 

253 

3 30 

583 

0 

Tota 1 

% 

43.4 

56.6 

100.0 

N 

339 

464 

803 

0 

% 

42.2 

57.8 

100.0 

- 



TABLE 43 
NCSS2 

Light Trucks, Side Impacts, Occupants (Weighted) 
Direction of Impact Force 

compartment are nearly the same in both cases; 37.8 percent for single- 

vehicle, and 35.8 percent for multi-vehicle impacts. 

Direction 

Twelve O'clock 

One O'clock 

Two O'clock 

Three O'clock 

Four O'clock 

Five OIClock 

Six O'clock 

Seven O'clock 

Eight O'clock 

Nine O'clock 

Ten OIClock 

Eleven O'clock 

Total 

M.D. 

Table 45 gives the vertical location of damage. The major 

contrasts here are that 97.6 percent of the multi-vehicle impacts 

involved all structures below the beltline, whereas 63.2 percent of the 

single-vehicle cases involved "all," i .e . ,  the roof-side rails and roof 

as well. This difference evidently does not result from the horizontal 

N 

7 3 

9 

12 

4 2 

0 

0 

0 

0 

2 

25 

2 3 

2 4 

2 10 

10 

Single-Vehicle 

% 

34.8 

4 - 3  

5.7 

20.0 

0.0 

0.0 

0.0 

0.0 

1.0 

1 1  .9 

11.0 

11.4 

100.0 

Occupants 

N 

40 

53 

147 

8 

10 

0 

0 

1 

7 

2 3 

2 17 

7 7 

583 

0 

N 

113 

6 2 

159 

5 0 

10 

0 

0 

1 

9 

4 8 

240 

101 

793 

10 

Multi-Vehicle 

% 

6.9 

9 -  1 

25.2 

1.4 

1-7 

0.0 

0.0 

0.2 

1.2 

3.9 

37.2 

13.2 

100.0 

Tota 1 

% 

14.2 

7.8 

20.1 

6 3 

1.3 

0.0 

0 .O 

0.1 

1.1 

6.1 

30.3 

12.7 

100.0 



TABLE 44 
NCSS2 

L i g h t  Trucks, Side Impacts, Occupants (Weighted) 
Hor i zon ta l  Loca t ion  o f  Damage 

l o c a t i o n ,  as both types o f  impacts i nvo l ved  the passenger compartment 

w i t h  n e a r l y  equal f requency. I t  i s  more l i k e l y  a  consequence o f  the  

na tu re  o f  t he  s t r i k i n g  ob jec t .  May s i n g l e - v e h i c l e  impacts a re  i n t o  

t rees  o r  po les o r  o ther  ob jec t s  which a re  h i gh  enough t o  i nvo l ve  the  

r o o f l i n e .  M u l t i - v e h i c l e  impacts u s u a l l y  i nvo l ve  t he  f r o n t  o f  a  

passenger car  w i t h  a  hood s t r i k i n g  a t  the  b e l t l i n e  l e v e l  or below. 

Locat ion 
(along s i de  o f  veh i c l e )  

F ron t  

Rear 

D i s t r i b u t e d  

Passenger 
Compartment 

F ron t  and 
Passenger 
Compartment 

Rear and 
Passenger 
Compartment 

To ta l  

M.D. 

The type o f  damage d i s t r i b u t i o n s  a re  g iven  i n  Table 46. Cons is tent  

w i t h  e a r l i e r  observat ions,  the s i ng le - veh i c l e  impacts have subs tan t i a l  

numbers o f  sideswipe damage pa t t e rns  and narrow impact areas--about one- 

t h i r d  f o r  each of the major th ree  ca tegor ies .  The m u l t i - v e h i c l e  impacts 

nea r l y  a l l  i nvo lve  wide impact areas, areas wider than 16 inches. 

Occupants 

S ing le-Vehic le  

N 

2 1 

20 

96 

47 

18 

18 

220 

0 

% 

9.5 

9.1 

43.6 

21.4 

8.2 

8.2 

100.00 

Mu l t i -Veh i c l e  

N 

163 

108 

103 

23 

83 

103 

583 

0 

To ta l  

% 

28.0 

18.5 

17.7 

3.9 

14.2 

17.7 

100.0 

N 

184 

128 

199 

70 

101 

121 

0 

% 

22.9 

15.9 

24.8 

8.7 

12.6 

15.1 

803100.0 



TABLE 45 
NCSSZ 

L i g h t  Trucks, Side Impacts, Occupants (Weighted) 
V e r t i c a l  Loca t ion  o f  Damage 

O f  t he  l a s t  f i v e  tab les  presented, Table 46 i s  the  o n l y  one f o r  

which t he  r e s u l t s  f o r  occupant counts, as presented, d i f f e r  

s i g n i f i c a n t l y  f rom v e h i c l e  counts.  The d i f f e r e n c e  f o r  m u l t i - v e h i c l e  

occupant and v e h i c l e  counts i s  s i g n i f i c a n t  a t  the  0.01 l e v e l .  The 

s i g n i f i c a n c e  r e s u l t s  l a rge l y  f rom a g rea te r  inc idence o f  s ideswipes i n  

t he  occupant count than i n  t h e  v e h i c l e  counts.  The reason f o r  an 

assoc ia t i on  between v e h i c l e  occupancy and sideswipes i s  no t  c l e a r  and 

may be spur ious. 

A I I  

Every th ing 
Above Frame 

Every th ing 
Below Glass 

Top o f  Frame 
and Below 

Top o f  Frame 
t o  Glass o r  Hood 

To ta l  

M.D. 

The seat l oca t i ons  f o r  occupants o f  NCSS s i d e  impacts a r e  g iven  i n  

Tab 1 e  47. A sma 1 1 number o f  occupants were seated i n t he  second seat or  

rearward. These occupants were a l l  i n  truck-based s t a t i o n  wagons or 

p ickups.  None were i n  pickups, nor were t he re  any i n  t he  ex te rna l  cargo 

area o f  vans. The d i s t r i b u t i o n s  a re  s i m i l a r ,  bu t  w i t h  a  greater  

Occupants 

S ing le -Veh ic le  

N 

139 

8 

7 1  

1 

1  

220 

0 

% 

63.2 

3.6 

32.3 

0.5 

0.5 

100.0 

Mu1 t i - V e h i c l e  Tota 1 

N 

1 1  

0  

569 

0 

3 

583 

0 

N 

150 

8 

640 

1 

4 

803 

0 

% 

1.9 

0.0 

97.6 

0.0 

0.5 

100.0 

% 

18.7 

1 .O 

79.7 

0.1 

0.5 

100.0 



TABLE 46 
NCSS2 

L i g h t  Trucks, Side Impacts, Occupants (Weighted) 
Damage D i s t r i b u t i o n  Type 

inc idence o f  passengers i n  m u l t i - v e h i c l e  impacts, a l though the 

d i f f e r e n c e  i s  smal l .  

Type 

Wide Impact Area 

Narrow Impact Area 

Sideswipe 

Corner 

To ta l  

M.D. 

Occupant exposure t o  the s i d e  impacted i s  g i ven  i n  Table 48. 

Occupants have near-s ide exposure i f  the  impact i s  on t he  same s ide  o f  

the v e h i c l e  as the  seat l o c a t i o n .  I n  the  case o f  center  seat  occupants, 

the exposure i s  near-s ide i f  t he re  a re  no i n t e r ven ing  occupants between 

the center  occupant and the  s i d e  s t r u c k .  Otherwise the  exposure i s  f a r -  

s ided. The d i s t r i b u t i o n s  f o r  s i n g l e -  and m u l t i - v e h i c l e  impacts a re  

s i g n i f i c a n t  a t  the 0.024 l e v e l .  The g rea te r  inc idence o f  near-s ide 

impacts i n  m u l t i - v e h i c l e  c o l l i s i o n s  i s  cons i s t en t  w i t h  the  greater  

inc idence o f  l e f t  s i d e  impacts shown i n  Table 35, s ince  many veh ic les  

have o n l y  a  d r i v e r .  The reason f o r  the  reversa l  i n  s i ng l e - veh i c l e  

impacts i s  no t  ev iden t ,  s ince  most of these c o l l i s i o n s  were a l s o  impacts 

t o  t h e  l e f t  s ide .  

Occupant e j e c t i o n  i s  shown i n  Table  49, and i s  no t  s u b s t a n t i a l l y  

d i f f e r e n t  f o r  the two types o f  impacts--low i n  both cases when a l l  

occupants a re  included. The e j e c t i o n  p o r t a l s  a re  shown i n  Table 50, and 

Occupants 

S ing le -Veh ic le  

N 

76 

70 

7 4  

0  

220 

0 

M u l t i - V e h i c l e  

% 

34.5 

31.8 

33.6 

0.0 

100.0 

To ta l  

N 

512 

10 

60 

1 

583 

0 

N 

588 

80 

134 

1 

803 

0 

% 

87.8 

1.7 

10.3 

0.2 

100.0 

% 

73.2 

10.0 

16.7 

0.1 

100.0 



TABLE 47 
NCSS2 

Light Trucks, Side Impacts, Occupants (Weighted) 
Seated Location 

>\All are occupants of vans or large station wagons. 

Left Front 

Center Front 

Right Front 

Left Second$\ 

Center Secondfc 

Right Second?: 

En t i re Second)\ 

Other, 
Center Floor* 

Total 

N.D. 

are about equally divided between windows and door areas in both types 

of collisions, although the numbers are small. The association between 

ejection and injury will be discussed in a later section. 

Tables 51 and 52 give the incidence of substantial injury. The 

incidence of A I S - 3  or greater (Table 51) is significantly different for 

the two types of collision, with p = 0.005--single-vehicle collisions 

having over twice the incidence of substantial injury of multi-vehicle 

impacts, This difference may result from higher speeds in rural areas 

where single-vehicle involvements are more likely to occur. The more 

severe injuries of Table 52 are not significantly different however, 

with p > 0.1, a1 though the pattern is the same, with more severe injury 

Occupants 

Single-Vehicle 

N 

168 

2 

42 

4 

0 

4 

0 

0 

220 

0 

% 

76.4 

0.9 

19.1 

1.8 

0.0 

1.8 

0.0 

0.0 

100.0 

Multi-Vehicle 

N 

405 

2 4 

136 

4 

6 

4 

1 

1 

58 1 

2 

Total 

% 

69*7 

4.1 

23.4 

0.7 

1.0 

0 7 

0.2 

0.2 

100.0 

N 

573 

2 6 

178 

8 

6 

8 

1 

1 

801 

2 

% 

71.5 

3 * 2 

22.2 

1 .O 

0.7 

1.0 

0,l 

0.1 

100.0 



TABLE 48 
NCSS2 

L i g h t  Trucks ,  S ide  Impacts, Occupants (Weighted) 
Occupant Exposure t o  Impact  

TABLE 49 
NCSS2 

L i g h t  Trucks ,  S ide  Impacts, Occupants (Weighted) 
Occupant E j e c t  i on 

Near S i d e  

Far S i d e  

T o t a l  

M.D. 

i n  s i n g l e - v e h i c l e  c rashes.  The l a c k  o f  s t a t i s t i c a l  s i g n i f i c a n c e  may 

r e s u l t  f rom t h e  sma l l  number o f  i n j u r i e s  o f  AIS=4 or  g r e a t e r .  

Occupants 

E j e c t i o n  

Not  E j e c t e d  

Comple te ly  E j e c t e d  

P a r t i a l l y  E j e c t e d  

T o t a l  

M.D. 

Occupants 

T o t a l  S i n g l e - V e h i c l e  

N 

439 

364 

803 

0 

M u l t i - V e h i c l e  

N 

106 

1 1 4  

2 20 

0 

S i n g l e - V e h i c l e  

% 

54.7 

45.3 

100.0 

N 

333 

2 50 

583 

0 

% 

48.2 

51.8 

100.0 

N 

169 

2 

2 

173 

4 7 

% 

57.1 

42.9  

100.0 

% 

97.7 

1.2 

1.2 

100.0 

M u l t i - V e h i c l e  

N 

572 

10 

0 

582 

13 

T o t a l  

% 

98.3 

1.7 

0.0 

100.0 

N 

729 

12 

% 

98.1 

1.6 

21 0.3 

743 

60 

100.0 



TABLE 50 
NCSS2 

L i g h t  Trucks, Side Impacts, Occupants (Weighted) 
E j e c t i o n  Po r t a l ,  E jec ted  Occupants 

3.4 FATALITIES, INJURIES, AND EJECTION IN LIGHT TRUCK SIDE IMPACTS 

L e f t  F ron t  W i ndow 

R igh t  F ron t  Window 

L e f t  F ron t  Door 

R igh t  F ron t  Door 

Windshield 

To ta l  

M.D. 

The p rev ious  sec t ions  have compared s i de  impacts w i t h  o ther  

impacts, and s i ng le - veh i c l e  s i de  impacts w i t h  m u l t i - v e h i c l e  s i d e  

impacts, a l l  across a  number o f  v a r i a b l e s  which together p rov ide  

d e s c r i p t i v e  s t a t i s t i c s  on s i de  impacts. 

I n  t h i s  sec t ion ,  f a t a l i t i e s ,  i n j u r y  ra tes ,  and e j ec t i ons  w i l l  be 

examined i n  f u r t h e r  d e t a i l ,  bu t  on l y  f o r  s i de  impacts, and i n  general 

w i t hou t  regard t o  t he  number o f  v e h i c l e s  invo lved.  

Occupants 

The type o f  s t r i k i n g  v e h i c l e  cannot be determined d i r e c t l y  from the  

FARS data; the  "most harmful  event" v a r i a b l e  descr ibes ob jec ts  s t r uck  i n  

d e t a i l ,  b u t  groups a l l  s t r i k i n g  motor veh i c l es  toge ther .  However, the 

body type o f  the case v e h i c l e  i s  g iven  i n  some d e t a i l ,  and a l l  v e h i c l e s  

i n  each f a t a l  acc iden t  a re  inc luded i n  t he  v e h i c l e  f i l e  a s  case 

veh i c l es .  Thus i t  i s  poss ib l e  t o  p a i r  the  veh i c l es  i n  a l l  two-vehic le  

S ing le -Veh ic le  

N 

1 

1 

2 

0  

0 

4 

0  

% 

25 .O 

25 .O 

50.0 

0.0 

0.0 

100.0 

Mu l t i -Veh i c l e  

N 

0  

3 

3 

1 

2  

9 

1 

To ta l  

% 

0.0 

33.3 

33 3 

11.1 

22.2 

100.0 

N  

1 

4 

5 

1 

2  

13 

1 

% 

7 - 7  

30.7 

38.5 

7 - 7  

15.4 

100.0 



TABLE 51 
NCSS2 

Light Trucks, Side Impacts, Occupants (Weighted) 
Injury - AIS=3+ 

accidents and consequently determine the type of striking vehicle. In 

addition to 284 occupants of light trucks fatally injured in single- 

vehicle side impacts, 377 fatalities occurred in two-vehicle side 

impacts for which the other vehicle is in the file and can be 

identified. An additional 108 victims of side impacts were killed in 

side impacts involving three or more vehicles. In these cases it is not 

possible to determine which vehicle was the impacting vehicle from data 

available in the FARS file. However, we may impute the type of striking 

vehicle in the 108 multi-vehicle fatalities on the basis of the 377 two- 
vehicle fatalities. 

A IS 

0-2 

3-5 
(non-fatal) 

Fatal 

(3-fatal) 

Total 

M.D. 

The resulting estimate of side-impact fatalities by type of 

striking vehicle is given in Table 53. 

The fractional numbers of vehicles result from the imputation of 

the distribution of fatalities in crashes involving three or more 

vehicles. 

Occupants 

Total Single-Vehicle 

N 

683 

2 6 

14 

40 

723 

8 0 

Mu1 ti-Vehicle 

N 

177 

1 1  

8 

19 

196 

24 

% 

94.5 

3.6 

1-9 

5.5 

100.0 

N 

506 

15 

6 

2 1 

527 

56 

% 

90 3 

5.6 

4.1 

9 7 

100.0 

% 

96.0 

2.8 

1.1 

3.9 

100.0 



TABLE 52 
NCSS2 

L i g h t  Trucks, Side Impacts, Occupants (Weighted) 
I n j u r y  - AIS=4+ 

TABLE 53 
FARS 79 

Estimated Side Impact F a t a l i t i e s  b y  Type o f  S t r i k i n g  Veh ic le  

A IS 

0-3 

4-5 
(non- fa ta l )  

Fa ta l  

( 4 - f a ta l )  

Tota 1 

M.D. 

Occupants 

S t r i k i n g  Veh ic le  

S ing le  Veh ic le  

Passenger Car 

Buses 

Special Vehic les 

L i g h t  Trucks 

Heavy Trucks 

S ing le-Vehic le  

F a t a l i t i e s  

N 

2 10 

1 

8  

9 

2  19 

1 

Number 

284 

176.2 

2.6 

3.9 

113.2 

189.1 

% 

95.9 

0.5 

3.7 

4.2 

100.0 

Mu l t i -Veh i c l e  

Percent 

36.9 

22.9 

00.3 

0.5 

14.7 

24.6 

N 

553 

7 

66 

13 

566 

17 

T o t a l  

% 

97.7 

1.2 

1.1 

2.3 

100.0 

N 

763 

8 

14 

2  2  

785 

18 

% 

97.2 

1 .O 

1.8 

2.8 

100.0 



Spec ia l  v e h i c l e s  i n c l u d e  ambulances, f i r e  t r u c k s ,  dune bugg ies ,  

snowmobiles, e t c .  Heavy t r u c k s  a r e  those w i t h  a  GVW o f  10,000 l b .  o r  

g r e a t e r .  Heavy v e h i c l e s  ( l a r g e  t r u c k s  and buses) account  f o r  24.9 

pe rcen t  o f  t h e  f a t a l i t i e s .  These t o g e t h e r  w i t h  s i n g l e - v e h i c l e  impacts 

a re  r e s p o n s i b l e  f o r  61.8 pe rcen t  o f  t h e  f a t a l  i t i e s ,  whi l e  impacts w i t h  

passenger c a r s  account f o r  o n l y  22.9 pe rcen t .  

Occurrences o f  s e r i o u s  i n j u r y  f o r  a  s i m i l a r  c l a s s i f i c a t i o n  o f  

s t r i k i n g  v e h i c l e  i n  the  NCSS d a t a  a r e  s i m i l a r l y  d i s t r i b u t e d  as shown i n  

Tab le  54. Two columns o f  percentages a r e  shown, t h e  f i r s t  g i v i n g  t h e  

d i s t r i b u t i o n  o f  s e r i o u s  i n j u r y  across  t h e  s t r i k i n g  v e h i c l e s ,  t he  second 

g i v i n g  t h e  p r o p o r t i o n  o f  occupants who s u s t a i n  s e r i o u s  t o  f a t a l  i n j u r y  

f o r  each t y p e  o f  s t r i k i n g  v e h i c l e .  Heavy t r u c k s  and buses account  f o r  

22.7 pe rcen t  o f  t h e  s e r i o u s  i n j u r y ,  w h i l e  heavy t r u c k s  and buses 

toge the r  w i  t h  s  i ngle-veh i c l  e  (ob jec t )  impacts account  f o r  63.6 p e r c e n t .  

Impacts w i t h  passenger c a r s  produced 27.3 pe rcen t  o f  t h e  s e r i o u s  i n j u r y .  

Al though t h e  number o f  s e r i o u s  i n j u r y  c a s u a l t i e s  i s  sma l l ,  o n l y  22 

i n c l u d i n g  14 f a t a l i t i e s ,  t h e  r e s u l t s  a r e  remarkably s i m i l a r  t o  those o f  

the  f a t a l i t i e s  o f  NCSS.  

Even though s i n g l e - v e h i c l e  impacts produced t h e  h i g h e s t  f requency 

o f  s e r i o u s  i n j u r y ,  they d i d  n o t  have t h e  h i g h e s t  p r o b a b i l i t y  o f  i n j u r y .  

The p r o b a b i l i t y  o f  i n j u r y  a t  t h e  AIS=4 o r  g r e a t e r  l e v e l  f o r  s i n g l e -  

v e h i c l e  a c c i d e n t s  was 3.57 pe rcen t ,  over  t w i c e  t h a t  f o r  passenger ca rs ,  

b u t  f a r  l e s s  than t h e  20.8 pe rcen t  f o r  v e h i c l e s  impacted by  heavy t r u c k s  

and buses. Al though t h e  p r o b a b i l i t y  o f  s e r i o u s  i n j u r y  i s  g r e a t e r  i n  

involvements w i t h  heavy t rucks /buses,  s i n g l e - v e h i c l e  invo lvements  

produced a  g rea te r  number o f  s e r i o u s  i n j u r i e s  s i m p l y  because t h e i r  

f requency was much g r e a t e r .  These r e s u l t s  must be v iewed w i t h  c a u t i o n  

however, s i n c e  the  number o f  s e r i o u s  i n j u r y  cases i s  s m a l l ,  even i n  t h e  

aggregate.  

L i g h t - t r u c k  s ide- impact  f a t a l i t i e s  by  t h e  s i d e  o f  v e h i c l e  s t r u c k  

and occupant exposure ( i  .e., exposure t o  impacts on t h e  same o r  oppos i t e  

s i d e  o f  t h e  v e h i c l e  f rom t h e i r  seated p o s i t i o n )  a r e  shown i n  T a b l e  5 5 .  
Both row and column percentages a r e  presented.  The impacts a r e  about  

e q u a l l y  d i v i d e d  between t h e  r i g h t  and l e f t  s ides .  The m a j o r i t y  o f  t h e  

f a t a l i t i e s  r e s u l t e d  f rom near s i d e  impacts.  However, t h e  imbalance was 



TABLE 54 
NCSS2 

Side-Impact I n j u r y  by Type o f  S t r i k i n g  Veh ic le  (Weighted Occupants) 

no t  dramat ic;  f a r  s i d e  impacts accounted f o r  nea r l y  one - t h i r d  o f  the 

f a t a l i t i e s .  

S t r i k i n g  Veh ic le  

Passenger Car 

L i g h t  Truck 

Heavy Truck/Bus 

Object  

Other 

To ta l  

F a t a l i t y  r a t e s  by exposure cannot be der i ved  from the  FARS data 

s i nce  they d o n ' t  i n c l ude  the l a rge  number o f  non- fa ta l  involvements 

which would c o n s t i t u t e  the  densminators o f  r a t e  computations. The 

weighted NCSS data may be used t o  compute r a tes ,  w i t h i n  t he  l i m i t a t i o n s  

imposed by the s i z e  o f  the data se t .  

Table 56 presents  occupant i n j u r y  i n  the  NCSS data  across two 

dimensions. These a re  occupant exposure and the  ho r i zon ta l  l o c a t i o n  o f  

the damage t o  the  s i de  o f  the veh i c l e .  The 785 occupants inc luded  i n  

the t abu la t i ons  a re  those w i t hou t  miss ing da ta  on the  dichotomous i n j u r y  

v a r i a b l e .  

A I S  

Occupants exposed t o  near and f a r  s ide  impacts experienced the  same 

r a t e  o f  ser ious i n jury- -2 .8  percent  f o r  bo th  exposures. 

0-3 
N 

423 

70 

19 

243 

8 

763 

Those impacts wh i ch invo lved the passenger compartment (N=482) 

r e s u l t e d  i n  17 se r ious  i n j u r i e s  f o r  a r a t e  o f  3.5 percent .  The 303 

M.D.  

10 

6 

0 

1 

1 

18 

4-5, Fa ta l  

N 

6 

2 

5 

9 

0 

22 

Propor t ion  
by Obj .,% 

27.3 

9 - 1  

22.7 

40.9 

0.0 

100.0 

Propor t ion  
o f  I n j . ,  

(Col .%) 

1.40 

2.78 

20.83 

3 - 5 7  

0.0 

2.78 



TABLE 55 
FARS 79 

L i g h t  Trucks, Occupants (Weighted) 
F a t a l i t i e s  by Occupant Exposure 

impacts which d i d  no t  i nvo l ve  the passenger compartment r e s u l t e d  i n  f i v e  

i n j u r i e s  or  a  r a t e  o f  1.7 percent.  The d i f f e r e n c e  i n  these two r a t e s  i s  

s i g n i f i c a n t  a t  the  0.01 l e v e l .  Because o f  the smal l  number o f  cases o f  

se r i ous  i n j u r y ,  none o f  the o ther  comparisons o f  i n j u r y  r a t e s  shown i n  

Table 56 a re  s t a t i s t i c a l l y  s i g n i f i c a n t .  

With on ly  22 cases o f  se r ious  i n j u r y ,  i n c l u d i n g  14 f a t a l i t i e s ,  i t  

i s  n o t  p r a c t i c a l  t o  g i ve  many d e s c r i p t i v e  s t a t i s t i c s .  Instead, a  

summary o f  each case i s  g iven  i n  Appendix A .  The 22 se r i ous l y  i n j u r e d  

occupants were i n  18 veh i c l es .  A summary i s  g i ven  f o r  each o f  t he  18 

v e h i c l e s  and a l l  t he  occupants. 

Occupant 
Exposure 

Near Side 

Far Side 

Other/Unknown 

To ta l  

E j e c t i o n  by se r ious  i n j u r y  i n  t he  NCSS da ta  i s  g iven i n  Table 57. 
Only 14 occupants were e j ec ted  ( e i t h e r  p a r t i a l l y  o r  comp le te ly ) ,  bu t  

another 60 were coded as e j e c t i o n  unknown. Omi t t i ng  the  cases w i t h  

m iss ing  data on e j e c t i o n  (or the  equ iva len t  o f  assuming the e j e c t i o n -  

r a t e  among the  miss ing  data cases i s  the  same as among those w i t h  v a l i d  

N 
% 

N 
% 

N 
% 

N  
% 

Side o f  Impact 

R igh t  

N 

129 
28.9 

216 
81.8 

46 
46.9 

391 
48.3 

% 

33.0 

52.2 

11.8 

100.0 

L e f t  To ta l  

N 

318 
7 1  .I 

48 
18.2 

52 
53.1 

418 
51 - 7  

N 

447 
100.0 

264 
100.0 

98 
100.0 

809 
100.0 

% 

76.1  

11.5 

12.4 

100.0 

% 

55.3 

32.6 

12.1 

100.0 



TABLE 56 
NCSS2 

I n j u r y  by Occupant Exposure and Ho r i zon ta l  Area Struck 

data) g ives an e j e c t i o n  r a t e  f o r  a l l  occupants o f  1.9 percent. '  The 

corresponding r a t e  among those w i t h  AIS=4 o r  more ser ious  i n j u r i e s  i s  

37.5 percent.  Looking a t  t he  data from a d i f f e r e n t  perspec t i ve ,  we f i n d  

A 1  1 Occupants 

A l l  Near-Side Occupants 

A l l  Far-Side Occupants 

A l l  Occupants 
Front  
Rear 
D i s t r i b u t e d  
Pass.Compartment 
Front,Pass.Comp. 
Rear,Pass.Comp, 

Near Side Occupants 
Front  
Rear 
D i s t r i b u t e d  
Pass.Compartment 
Front,Pass.Comp. 
Rear, Pass. Comp. 

Far Side Occupants 
Front  
Rear 
D i s t r i b u t e d  
Pass. Compartment 
Front,Pass.Comp. 
Rear,Pass.Comp. 

8Bertrarn and OIDay noted t h a t  w h i l e  the  use o f  the  unknown codes 
va r i ed  among teams, most o f  the  "unknown" cases were a c t u a l l y  no t  
e j ec t i ons .  Passenger Car Occupant E jec t i on ,  Bruce Bertram and James 
0 '  Day, Highway Safety Research I n s t i t u t e ,  The U n i v e r s i t y  o f  Michigan, 
Report No. UM-HSR 1-8 1-42, August 1981 . 

A I 

N 

7 85 

429 

356 

181 
122 
197 
70 

100 
115 

8 7 
7 5 
9 9 
5 5 
5 1 
6 2 

9 4 
4 7 
98 
15 
4 9 
5 3 

S-0-6 

% 

100.0 

54.6 

45.4 

23.1 
15-5  
25.1 

8 - 9 
12.7 
14.6 

20.3 
17.5 
23.1 
12.8 
11.9 
14.5 

26.4 
13.2 
27.5 

4.2 
13.8 
14.9 

AIS=4+, 

N 

2 2 

12 

10 

5 
0 
6 
3 
7 
1 

3 
0 
3 
1 
4 
1 

2 
0 
3 
2 
3 
0 

f a t a l  

% 

2.8 

2.8 

2.8 

2.8 
0.0 
3 0 
4.3 
7.0 
0 9 

3.4 
0.0 
3 - 0  
1.8 
7 - 8  
1.6 

2.1 
0.0 
3 - 1  

13.3 
6.1 
0.0 



t h a t  the  p r o b a b i l i t y  o f  sus ta i n i ng  i n j u r y  o f  AIS=4 or g rea te r  i s  0.84 

percent  among t he  non-ejected, bu t  71 .4  percent  among the  ejectees--85 

t imes as g rea t .  However, these r e s u l t s  a re  based on very  few cases, 

bo th  o f  e j e c t i o n  and o f  se r ious  i n j u r y ,  and t he  miss ing  data on e j e c t i o n  

i s  s u b s t a n t i a l ;  they must be i n t e r p r e t e d  w i t h  cau t ion .  

TABLE 57 
N C S S Z  

L i g h t  Trucks, Ser ious I n j u r y  by E j e c t i o n  

E j e c t i o n  by seat p o s i t i o n  from the FARS da ta  a re  shown f o r  each 

type  o f  1 i g h t  t r u c k  i n  Tables 58-60. The t ab les  p rov ide  in fo rmat ion  on 

the  d i s t r i b u t i o n  o f  occupant seat  l o c a t i o n  by type o f  veh ic le ,  as w e l l  

as on e j e c t i o n .  There a re  severa l  caveats t h a t  must be observed i n  

i n t e r p r e t i n g  these t ab les  a l so .  As a l l  t abu la t i ons  represent  

f a t a l i t i e s ,  e j e c t i o n  r a t e s  cannot be computed. The occupancy o f  seats  

o the r  than t h e  f r o n t  i s  so low t h a t  the  e j e c t i o n  p ropor t ions  a re  

meaningless. The t o t a l  number o f  s ide- impact f a t a l i t i e s  i n  l a rge  ( t r uck  

based) s t a t i o n  wagons i s  so low t h a t  about the  on l y  in ference t h a t  can 

be drawn from Table  60 i s  t h a t  s ide- impact f a t a l i t y  i n  these veh i c l es  i s  

no t  a  g rea t  s o c i e t a l  problem. 

l  n j u r y  

A I S  0-3 

A I S=4+ 
( i n c l u d i n g  f a t a l s )  

M.D. 

To ta l  

The o v e r a l l  p r o p o r t i o n  o f  e j e c t i o n s  among the  p ickup f a t a l i t i e s  i s  

34.0 percent ,  b u t  o n l y  24 .1  percent  i n  vans. These r e s u l t s  a re  

s i g n i f i c a n t l y  d i f f e r e n t  a t  the  0.04 l eve l ;  thus we may conclude t h a t  

E j e c t i o n  

Tota 1 

763 

2 2 

18 

80 3 

Miss ing 
Data 

5 2 

6  

2 

6 0  

Yes 

4  

10 

0  

14 

N o  

707 

6 

16 

729 



TABLE 58 
F A R S  79 

Side Impacts, Fata l  Pickup Truck Occupants, 
E j e c t i o n  by Seat Loca t ion  

e j e c t i o n  i s  no t  assoc ia ted as s t r o n g l y  w i t h  f a t a l i t y  i n  vans as i n  

p ickup s ide  impacts. 

Seat Loca t ion  

L e f t  F ron t  

Center F ron t  

R igh t  F ron t  

Other F ron t  

L e f t  Second 

R i gh t Second 

Other Second 

Other 
Passenger 

On E x t e r i o r  

Unknown 

To ta l  

N 
% 

N 
% 

N 
% 

N 
% 

N 
% 

N 
% 

N 
% 

N 
% 

N 
% 

N 
% 

N 
% 

Not 
E j ec ted  

36 1 
79.7 

2 3 
71 -9 

104 
70 3 

0 
0.0 

1 
33.3 

1 
100.0 

0 
0.0 

7 
38.9 

5 
100.0 

12 
80.0 

,514 
75.9 

E j e c t i o n  

E jected 

9 2 
20.3 

9 
30.1 

4 4 
29.7 

1 
100.0 

2 
66.7 

0 
0 .o 

1 
100.0 

1 1  
61.1 

0 
0 .o 

3 
20 .o 

163 
2 4 . 1  

Tota l  

453 
100.0 

3 2 
100.0 

148 
100.0 

1 
100.0 

3 
loo .o 

1 
100.0 

1 
100.0 

18 
100.0 

5 
100 .o 

15 
loo .o 

677 
100.0 

M. D. 

7 

0 

2 

0 

0 

0 

0 

o 

0 

0 

9 



TABLE 59 
FARS 79 

Side Impacts, Fata l  Van Occupants 
E j e c t i o n  by Seat Locat ion 

E j e c t i o n  i s  more l i k e l y  among p ickup l e f t - f r o n t  seat occupants than 

among r i g h t - f r o n t  occupants, and t h i s  r e s u l t  i s  s i g n i f i c a n t  a t  the 0.03 

l e v e l .  The oppos i te  p a t t e r n  i s  observed i n  van f r on t - sea t  occupants, 

but  the number of cases i s  so low t h a t  the d i f f e r e n c e  i s  no t  

Seat Loca t ion  

L e f t  F ron t  

Center F ron t  

R igh t  F ron t  

L e f t  Second 

Center Second 

R igh t  Second 

L e f t  Th i r d  

Other 
Passenger 

Unknown 

To ta l  

N 
% 

N 
% 

N 
% 

N 
% 

N 
% 

N 
% 

N 
% 

N 
% 

N 
% 

N 
% 

M.D. 

1 

0 

0 

0 

0 

0 

0 

0 

2 

3 

Not 
E jected 

29 
56.9 

2 
100.0 

15 
65.2 

8 
100.0 

2 
100.0 

1 
100.0 

1 
100 .o 

2  
50 .o 

10 
71.4 

7 0 
66 .o 

E jec t i on  

E jected 

2 2 
43.1 

0 
0.0 

8 
34.8 

0 
0.0 

0 
0.0 

0 
0.0 

0 
0.0 

2 
50.0 

4 
2 8 . 6  

3 6 
34.0 

Tota 1 

5 1 
100.0 

2  
100.0 

2  3 
100.0 

8 
100.0 

2  
100.0 

1 
100.0 

1 
100.0 

4 
100.0 

14 
100.0 

106 
100.0 



TABLE 60 
FARS 79 

Side Impacts, Fata l  Large S t a t i o n  Wagon Occupants 
E j e c t i o n  by Seat Locat ion 

s i g n i f i c a n t .  Thus we may not  conclude t h a t  the  p a t t e r n  i n  r e a l i t y  

d i f f e r s  f rom t h a t  o f  pickups. 

Seat Locat ion 

L e f t  Front  

R i g h t  Front  

L e f t  Second 

Midd le  Second 

R i g h t  Second 

Other 
Passenger 

Tota 1 

J 

N 
% 

N 
% 

N 
% 

N 
% 

N 
% 

N 
% 

N 
% 

E j e c t i o n  

Not 
E jected 

8  
88.9 

1 
100.0 

1 
100.0 

1 
100.0 

1 
100.0 

1 
100.0 

13 
92 -9 

Ejected 

1 
1 .1  

0 
0.0 

0 
00.0 

0 
0.0 

0 
0.0 

0 
0.0 

1 
7* 1 

Tota 1 

9 
100.0 

1 
100.0 

1 
100.0 

1 
100.0 

1 
100.0 

1 
100.0 

14 
100.0 

M.D. 

0 

0 

0 

0 

0 

0 

0 



4.0 INTRUSION 

Th i s  sec t i on  presents the r e s u l t s  o f  an ana l ys i s  o f  data  on 

passenger compartment i n t r u s i o n  prov ided by the  second phase o f  t he  NCSS 

program. I n t r u s i o n  i n t o  bo th  passenger cars  and l i g h t  t r ucks  a re  

addressed. 

Dur ing the  f i r s t  phase o f  the  NCSS program, some i n fo rma t i on  was 

c o l l e c t e d  on i n t r u s i o n  o f  ob j ec t s  i n t o  the passenger compartment. 

However, t he  data contained l i t t l e  d e t a i l ,  and none t h a t  cou ld  be used 

t o  r e l a t e  the  i n t r u s i o n  t o  poss ib l e  consequences. S p e c i f i c a l l y ,  i t  was 

no t  poss ib l e  t o  r e l a t e  i n t r u s i o n s  t o  occupant i n j u r y .  

Wi th  the beginning o f  the  second phase o f  the  NCSS data c o l l e c t i o n  

s t a r t i n g  i n  Apr i 1 1978, the  p ro toco l  was changed t o  inc lude  much more 

i n f o rma t i on  r e l a t e d  t o  and desc r i b i ng  i n t r us i on .  The data can most 

e a s i l y  be understood by re fe rence  t o  the data c o l l e c t i o n  forms. The 

forms from which data were used i n  t h i s  study a re  g i ven  i n  Appendix 8 .  

Three forms a re  included: a  form f o r  documenting i n t r u s i o n  o f  i n t e r n a l  

sur faces o f  t he  passenger compartment (IS) , one f o r  occupant con tac t  

w i t h  i n t r uded  surfaces (OC), and a  form f o r  ca tas t r oph i c  i n t r u s i o n  

(CC) . 
The in te rna l -su r faces  form prov ides a  phys ica l  d e s c r i p t i o n  o f  each 

i n t r u s i o n ,  i nc l ud ing  i d e n t i f i c a t i o n  o f  the i n t r u d i n g  component/object, 

the l o c a t i o n  o f  the i n t r u s i o n ,  and the  impact t h a t  caused t he  i n t r u s i o n .  

Up t o  twelve i n t r u s i o n s  may be recorded, w i t h  each combinat ion o f  an 

i n t r u d i n g  component and the  occupant space in t ruded  upon c o n s t i t u t i n g  an 

i n d i v i d u a l l y  recorded i n t r u s i o n .  The i n t r u s i o n  form i s  coded, w i t hou t  

columns G and H, i n  the  v e h i c l e  l eve l  f i l e .  I n d i v i d u a l  i n t r u s i o n s  and 

any a t tendan t  con tac t  by an occupant, a long w i t h  i n j u r y  numbers, i f  any 

are assoc ia ted w i t h  the  con tac t ,  a re  recorded on t he  occupant-contact  

9De ta i l ed  i n s t r u c t i o n s  on the  use of  the  forms a re  g iven  i n  
Methodoloqy f o r  the  Measurement o f  I n t r u s i o n  i n  Motor Veh ic le  ~ c c i d e n t s ,  
Peter Cooley e t  a l .  Highway Safety  Research I n s t i t u t e ,  The U n i v e r s i t y  
o f  Michigan, Report No. UM-HSRI - 78 -17 -1 ,  Apr i 1 1978. 



form (OC) . Th i s  form documents any occupant con tac t  w i t h  an i n t r u s i o n ,  

and prov ides a  l i n k  between the i n t r u s i o n  and any assoc ia ted i n j u r y .  

The occupant-contact  form i s  coded i n  the occupant- level  f i l e .  However, 

the l i n k  between i n j u r y  and i n t r u s i o n  i s  l i m i t e d  t o  a  maximum o f  s i x  

i n t r u s i o n s ,  s i nce  t h i s  i s  the maximum number o f  documented i n j u r i e s .  

When t he  i n t r u s i o n  was so g rea t  t h a t  the passenger compartment 

i n t e g r i t y  f a i l e d  completely, o r  so massive t h a t  measurements were no t  

p r a c t i c a l  , a  ca tas t roph i  c - i n t r u s i o n  (CC) form was employed. Th is  form 

prov ided on l y  a  b r i e f ,  gross d e s c r i p t i o n  o f  t he  ex ten t  o f  damage, and 

d i d  no t  l i n k  t he  damage t o  s p e c i f i c  i n j u r i e s .  Since the  da ta  prov ided 

f o r  cases o f  ca tas t roph ic  i n t r u s i o n  i s  no t  compat ib le w i t h  t h a t  from the  

i n t r u s i o n  form, the  two sources were analysed separate ly  and the  r e s u l t s  

a re  presented separate1 y  here. 

The incidence of  i n t r u s i o n  o f  s i d e - i n t e r i o r  su r faces  i n  s i d e  

impacts, and o f  occupants con tac t i ng  in t ruded  surfaces i s  shown i n  Table  

6 1 .  There a re  10,005 occupants (weighted) i n  passenger ca r s  and 803 i n  

l i g h t  t rucks  which were s ide  impacted i n  t he  NCSS2 da ta  se t .  The 

weighted number o f  occupants who were i n  veh i c l es  w i t h  i n t r u d i n g  s i d e  

sur faces was 3700 i n  passenger cars  and 385 i n  1 i g h t  t rucks.1°  Thus t he  

p r o p o r t i o n  o f  t he  occupants who were i n  in t ruded  v e h i c l e s  was 37.0 

percent  i n  cars  and 47.9 percent  i n  1 i g h t  t rucks .  I n t r u s i o n  o f  s i de  

sur faces i s  apparent ly  a  common phenomenon i n  s ide  impacts, e s p e c i a l l y  

i n  l i g h t  t rucks .  

The occurrence o f  i n t r u s i o n  does no t  necessar i l y  imply t h a t  an 

occupant contacted the i n t r ud  i ng s u r f  aces o r  components. The number o f  

occupants con tac t i ng  i n t r u s i o n s  i s  shown i n  the  bottom row (Table 61). 

Only 29.5 percent  o f  the occupants o f  passenger cars w i t h  i n t r u s i o n  

a c t u a l l y  contacted an i n t r u d i n g  component. The corresponding f i g u r e  f o r  

l i g h t  t r uck  occupants i s  23.7 percent.  The r e s u l t i n g  p r o p o r t i o n  o f  

occupants o f  side-impacted veh i c l es  who contacted an i n t r u d i n g  component 

i s  then 10.9 percent  i n  passenger cars ,  and 11.6 percent  i n  l i g h t  

t rucks .  Table 61 i s  based on the  s ide-sur face  i n t r u s i o n  and occupant- 

l 0The  ac tua l  unweighted number o f  occupants i n  bo th  types o f  
veh i c l es  w i t h  i n t r u d i n g  surfaces was 1468. 



TABLE 61 
NCSS2 

Incidence of Side Surface I n t r u s i o n  and Occupant Contact (weighted) 

con tac t  forms, and does no t  inc lude  112 occupants o f  passenger cars  and 

f ou r  o f  l i g h t  t r ucks  w i t h  ca tas t r oph i c  i n t r u s i o n .  

The ana lys is  t h a t  can be performed on t h e  i n t r u s i o n  da ta  i s  

d i sappo in t i ng l y  l i m i t e d  by m iss ing  data on i n j u r y  seve r i t y - - t he  a b i l i t y  

t o  l i n k  i n t r u s i o n s  w i t h  i n j u r y  v i a  t he  occupant con tac t  form i s  o n l y  o f  

va lue  i f  v a l i d  i n j u r y  i n f o rma t i on  i s  a v a i l a b l e  i n  t h e  i n j u r y  (Occupant 

I n j u r y  C l a s s i f i c a t i o n )  p o r t i o n  o f  the f i l e .  

L i g h t  
Trucks 

803 

385 
(47 9%) 

9 3 
(23 - 7 % )  

Number o f  Occupants 
i n  Side Impacts 

Occupants i n  Vehic les  
w i t h  Side-Surface I n t r u s i o n  

Number o f  Occupants Contact ing 
In t ruded Side Surface 

O f  the 3700 occupants o f  passenger ca rs  w i t h  s ide-sur face 

i n t r u s i o n ,  985 o r  26.6 percent  had an Ove ra l l  AIS (OAIS) o f  0, 

i n d i c a t i n g  no i n j u r y .  Another 1465 o r  39.6 percent  had an OAIS o f  1-6, 

w h i l e  1253 or 33.9 percent  had an OAlS o f  8  o r  9 i n d i c a t i n g  an " i n j u r y  

o f  unknown s e v e r i t y "  or  "unknown i f  i n j u red . "  I f  the un in j u red  

occupants are omi t ted,  and on ly  those w i t h  an AIS coded 1 through 9 a re  

considered, the m iss ing  data r a t e  becomes 46 percen t  f o r  passenger car 

occupants. 

Passenger 
Cars 

10,005 

3700 
(37 0%) 

1092 
(29.5%) 

Only 238 (or 21.8 percent)  o f  t he  1092 passenger car  occupants who 

contacted an i n t r u d i n g  component had a  non-zero, non-missing data AIS 

l i s t e d  f o r  the con tac t .  Only 26 (10.9 percent o f  t h e  238) had another 

i n j u r y  coded more severe than t h a t  associated w i t h  the  i n t r u s i o n .  The 

remaining 212 (89.1 percent  o f  the 238) had an i n j u r y  assoc ia ted w i t h  

i n t r u s i o n  equal i n  s e v e r i t y  t o  the  most severe i n j u r y  repor ted  f o r  t h a t  



occupant. The numbers f o r  l i g h t  t rucks  a re  much smal ler .  Of the  93 

occupants con tac t i ng  an i n t r u d i n g  component, 22 (23.7 percent)  had a  

v a l i d  non-zero AIS assoc ia ted w i t h  the  con tac t .  Of these 22, 19 had an 

i n t r u s i o n  assoc ia ted i n j u r y  equal i n  s e v e r i t y  t o  t h e i r  most severe 

i n j u r y ,  and th ree  had an i n j u r y  more severe than the  i n t r u s i o n  i n j u r y .  

Thus i n  ve ry  few cases o f  v a l i d  recorded i n j u r y  s e v e r i t y ,  was the  

i n t r us i on -assoc ia ted  i n j u r y  less  severe than o ther  i n j u r i e s  susta ined 

from other  sources. 

The f i g u r e s  i n  the  paragraph above would seem t o  i n d i c a t e  t h a t  

con tac t  w i t h  an i n t r u d i n g  sur face i s  a  s i g n i f i c a n t  source o f  i n j u r y ,  

even though Table 61 i nd i ca tes  t h a t  o n l y  one-quarter t o  one- th i  r d  o f  t he  

occupants i n  v e h i c l e s  w i t h  i n t r u s i o n  a c t u a l l y  con tac t  the  i n t r u d i n g  

surface. The problem w i t h  t h i s  observa t ion  i s  t h a t  t he  m iss ing  da ta  

r a t e  on i n j u r y  s e v e r i t y ,  bo th  i n d i v i d u a l  AIS 's  and the  o v e r a l l  occupant 

A I S  (OAIS) , i s  h igh .  Consequently, we must recognize t h a t  many cases o f  

e i t h e r  minor o r  no i n j u r y  from the  con tac t  may be coded as m iss ing  data.  

Indeed, many cases o f  con tac t  w i t hou t  consequent i n j u r y  may have been 

undetected by the  i nves t i ga to r s .  

The dichotomous i n j u r y  v a r i a b l e  deno t ing  i n j u r y  o f  AIS-0-3 and 4+ 

(and f a t a l s )  has a  much lower m iss ing  data r a t e ;  o n l y  6.7 percent  among 

occupants o f  s ide- impacted veh i c l es  w i t h  i n t r u s i o n .  Whi le i t  has t he  

disadvantage o f  n o t  p e r m i t t i n g  t he  l i n k i n g  o f  i n t r u s i o n  and i n j u r y  data,  

i t  prov ides more r e l i a b l e  in ferences w i t h i n  the con f ines  o f  i t s  

l i m i t a t i o n s .  

Table 62 g ives  the incidence o f  se r ious  i n j u r y  by combinations o f  

i n t r u s i o n  and occupant con tac t  w i t h  i n t r u s i o n s .  I n j u r y  s e v e r i t y  f o r  t he  

cases o f  ca tas t r oph i c  i n t r u s i o n  i s  a l s o  included, A number o f  

observat ions can be drawn from the  t ab le .  

Occupant exposure t o  i n t r u s i o n  i s  g iven by t he  second column. 

Approximately h a l f  o f  the occupants exper ienc ing s i de  impacts a re  i n  

veh i c l es  w i t h  no i n t r u s i o n  (54.2 percent  f o r  cars  and 45.6 percent  f o r  

1 i g h t  t rucks )  . Subs tan t i a l  p ropor t ions  a re  i n  veh i c l es  w i t h  i n t r u s i o n ,  

b u t  do no t  con tac t  an i n t r u d i n g  surface. Only 14.2 percent  o f  the  car  

occupants and 13.2 percent  o f  those i n  l i g h t  t r ucks  a c t u a l l y  contacted 

an i n t r u d i n g  sur face.  



TABLE 62 
NCSS2 

Side Impacts, Occupant I n j u r y  S e v e r i t y  by l n t r u s i o n  
and Contact w i t h  l n t r u s i o n  (weighted) 

The p r o p o r t i o n  o f  se r ious  i n j u r y  i s  g iven  f o r  each combinat ion o f  

i n t r us i on / con tac t ,  and as one might  a n t i c i p a t e ,  i n j u r y  r a t e  increases i n  

cases w i t h  i n t r u s i o n .  I f  the re  was con tac t  w i t h  i n t r u s i o n ,  the r a t e  

again  increases, by a  f a c t o r  o f  seven f o r  passenger cars .  Catast rophic  

c o l l i s i o n s ,  as expected, have a  very  h i gh  r a t e  o f  i n j u r y .  Near ly  h a l f  

(44.3 percent)  o f  the  occupants o f  these v e h i c l e s  rece ived i n j u r i e s  o f  

sever i t y  A I  S=4 o r  g rea te r .  

S im i l a r  t rends  were observed i n  l i g h t  t rucks ,  a l though the  

p r e c i s i o n  o f  t h e  p ropor t ions  i s  low because o f  the ve ry  l i m i t e d  number 

o f  se r ious  i n j u r i e s .  The o n l y  comparison o f  i n j u r y  r a t e s  between 

successive l e v e l s  i n  Table 62 t h a t  i s  no t  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  

the  0.05 l e v e l  i s  the comparison between con tac t  and no-contact  o f  

l i g h t - t r u c k  i n t r u s i o n s . l l  

Passenger Cars: 
No I n t r u s i o n  
I n t r u s i o n ,  No Contact 
I n t r u s i o n w i t h C o n t a c t  
Ca tas t roph ic  I n t r u s i o n  

To ta l  

L i g h t  Trucks 
No I n t r u s i o n  
I n t r u s i o n ,  No Contact 
I n t r u s i o n  w i t h  Contact 
Ca tas t roph ic  I n t r u s i o n  

Tota 1 

llComparisons based on F i s h e r ' s  exact p r o b a b i l i t y  f o r  2x2 tab les .  

Miss ing 
Data 
N  

3 1 
6 5 
5 1 

6  
153 

2  
9 
8  
2  

2  1 

A  I  S=4-6, 
Fa ta l  

A I S=O-6, 
Fa ta l  

N 

21 
32 
97 
47 

197 

2  
8 
6  
6 

22 

N 

4374 
2543 
1041 

106 
8064 

3 2 1  
290 

85 
8 

704 

Row % 

0.5 
1.3 
9.3 

44.3 
2.4 

0.6 
2.8 
7 . 1  

75.0 
3.1 

% 

54.2 
31.5 
12.9 

1.3 
100.0 

45.6 
41.2 
12.1 

1.1 
100.0 



The r e s u l t s  inc luded i n  Table 62 can be viewed i n  a  d i f f e r e n t  way. 

O f  the 10,005 occupants o f  passenger ca rs  i n  s i d e  impacts, on ly  197 o r  

2.0 percent  rece ived ser ious  i n j u r y  (AIS=4 o r  g rea te r ,  or  f a t a l i t y ) .  

The corresponding f i g u r e  f o r  1 i g h t  t r ucks  i s  2.7 percent  o f  t h e  803 

occupants i n  s i de  impacts. However, i n t r u s i o n  was very  common i n  the  

cases o f  se r ious  i n j u r y .  E ighty-n ine percent  o f  the  se r ious  i n j u r i e s  i n  

passenger cars  were i n  veh ic les  w i t h  i n t r u s i o n ,  as were 91 percent  o f  

the se r i ous l y  i n j u r e d  l i g h t  t r uck  occupants. Whi le no t  a l l  the se r i ous  

i n j u r i e s  i n  in t ruded  veh i c l es  a re  assoc ia ted w i t h  the  i n t r u s i o n ,  t he  

p ropo r t i on  o f  s e r i o u s l y  i n j u r e d  occupants who contacted an i n t r u s i o n  i s  

large.  I n  passenger cars  the p r o p o r t i o n  i s  144/197 = 73 percent ,  and 

12/22 = 54.5 percent  i n  t rucks .  Those f i g u r e s  i nc l ude  occupants o f  

ca tas t roph ica l  l y - i n t r u d e d  veh ic les .  

The d i scuss ion  above c l e a r l y  i nd i ca tes  t h a t  se r ious  i n j u r y  i s  more 

l i k e l y  i n  s ide  impacts i f  the re  i s  i n t r u s i o n  i n t o  the  passenger 

compartment. I t  does no t  i n d i c a t e  t h a t  the  i n t r u s i o n  was respons ib le  

f o r  the i n j u r y .  They- - in t rus ion  and i n j u r y - -a re  bo th  assoc ia ted 

s t r ong l y  w i t h  impact seve r i t y ;  t h e i r  c o r r e l a t i o n  may r e s u l t  from these 

assoc ia t ions  and n o t  f rom a  causal r e l a t i o n s h i p .  

Stronger evidence o f  ser ious consequences from i n t r u s i o n  i s  

prov ided by the  much higher incidence o f  se r ious  i n j u r y  among occupants 

who contacted an i n t r u d i n g  sur face  o r  component. Even here the evidence 

i s  no t  e n t i r e l y  c l ea r .  The g rea te r  con tac t  may have been t he  

consequence o f  more severe crashes which may cause g rea te r  i n j u r y  

independently o f  t he  i n t r u s i o n .  The more severe impacts might r e s u l t  i n  

more v i o l e n t  occupant k inemat ics  w i t h  g rea te r  excurs ion  from the normal 

seated p o s i t i o n  and hence an increased l i k e l i h o o d  o f  con tac t i ng  an 

i n t r u d i n g  sur face,  

One group o f  occupants o f  p a r t i c u l a r  i n t e r e s t  a re  those t h a t  were 

se r i ous l y  i n j u r e d  i n  s i de  impacts i n  which t he re  was no i n t r u s i o n  i n t o  

the passenger compartment. Table 62 i nd i ca tes  21 i n  passenger ca rs  and 

two i n  l i g h t  t r ucks .  The 23 weighted occupants represent 20 ac tua l  

occupants. A d e s c r i p t i v e  d iscuss ion  o f  the  20 cases and a  summary o f  

each i s  g i ven  i n  Appendix C .  A b r i e f  o u t l i n e  o f  t h e  cases i s  shown i n  

Figure 13 .  



FIGURE 13. O c c u p a n t s  With S e r i o u s  I n j u r y  i n  V e h i c l e s  Without I n t r u s i o n  
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Eigh t  o f  t h e  twenty  occupants were i n  veh i c l es  t h a t  were s t r uck  i n  

t he  s i de  forward o f  the passenger compartment. There was no i n t r u s i o n  

f o r  t h i s  reason q u i t e  independent of t he  s e v e r i t y  o f  t he  impact. Four 

o f  the e i g h t  were f a t a l i t i e s  which inc luded  t h ree  e j e c t i o n s .  The f ou r  

non- fa ta ls  i n  t h i s  group inc luded one burn  v i c t i m  and two occupants over 

75 years o f  age. Other i n v e s t i g a t o r s  hve found p o s i t i v e  assoc ia t i on  

between advanced age and i n j u r y . "  

Among the  12 occupants i n  v e h i c l e s  impacted i n  t he  passenger 

compartment area b u t  w i t hou t  i n t r u s i o n ,  seven were f a t a l s ,  o f  which 

t h ree  were e j e c t i o n s ,  one sus ta ined  a  whole body burn, one was i n j u r e d  

on the  s t e e r i n g  column, and two d i ed  o f  unspec i f i ed  i n j u r i e s .  

O f  t he  20 occupants s e r i o u s l y  i n j u r e d  w i t hou t  i n t r u s i o n ,  seven were 

e j e c t i o n s  and f i v e  o f  the remaining 13 were over 65 years o f  age. 

The l i m i t a t i o n s  on the  assessment o f  i n t r u s i o n  upon i n j u r y  

p roduc t ion  imposed by the  h i gh  r a t e  o f  m iss ing  da ta  on i n j u r y  was 

discussed e a r l i e r .  However, i n f o rma t i on  on the  occupant con tac t  form 

can be l i n k e d  t o  the  i n t r u s i o n  form t o  determine which i n t r u d i n g  

components were a c t u a l l y  contacted by an occupant. L i n k i n g  i n  t h i s  

d i r e c t i o n  can be accomplished even i f  t h e  assoc ia ted i n j u r y  d e t a i l s  a re  

miss ing.  Thus i t  i s  poss ib l e  t o  p rov i de  some i n fo rma t i on  on t he  

i n t r u d i n g  components t h a t  were con tac ted  and t o  g i v e  t he  frequency 

d i s t r i b u t i o n  o f  t h e  contacts .  

A t o t a l  o f  1468 ac tua l  occupants were i n  veh i c l es  w i t h  i n t r u s i o n  

from s i d e  impacts. The weighted number i s  4108 and inc ludes bo th  

passenger ca rs  and 1 i g h t  t rucks .  O f  these occupants, 1189 (weighted) 

made one o r  more con tac ts  w i t h  intrudi'ng sur faces o r  components. Each 

occupant may have contacted more than one o f  t h e  i n t r u s i o n s  l i s t e d  on 

the  i n t r u s i o n  form. Since t he  occupant con tac t  form p rov ides  f o r  

l i s t i n g  up t o  s i x  con tac ts  per occupant, t h e  maximum number o f  occupant 

con tac ts  i s  1189 x 6 = 7134. 

l l S t a t i s t i c a l  Analys is  o f  the  Na t iona l  Crash Seve r i t y  Study Data, 
P.  A .  Gimotty e t  a l .  Highway Sa fe ty  Research I n s t i t u t e ,  The U n i v e r s i t y  
of Michigan, Report  No. UM-HSRI-79-11, March 1979. 



The d i s t r i b u t i o n s  o f  contacts  by su r face  o r  components are g iven  i n  

Table 63. Those components which had a  frequency o f  l ess  than one 

percent  were grouped i n t o  the  "other"  category.  I t  should be noted t h a t  

the component coding on the i n t r u s i o n  form (see Appendix B) con ta ins  

several  codes denot ing a  group o f  i tems. For each o f  these group codes, 

a  con tac t  w i t h  each o f  the  components i n  the group was counted i n  

d e r i v i n g  the  f requencies.  Th is  cou ld  r e s u l t  i n  some overcount ing o f  t he  

contacts  w i t h  grouped items. However, on l y  seven percent  o f  the l i s t e d  

codes were f o r  grouped items. 

Two-thirds o f  the  con tac ts  i n  passenger cars were w i t h  a  door panel 

or s ide  sur face,  which would inc lude  door hardware and armrests.  The 

next  most f r equen t l y  contacted items a re  the A - p i l l a r s ,  bu t  w i t h  less  

than 10 percent  o f  t he  contacts .  Forward components--A-pi l lars,  

instrument panels, and s t e e r i n g  columns--account f o r  an aggregate t o t a l  

o f  17.6 percent .  These con tac ts  r e s u l t  f tom c l a s s i c a l  i n t e r sec t  ion- type 

c o l l i s i o n s  i n t o  the s i d e  o f  a  forward-moving veh i c l e .  The d i r e c t i o n  o f  

impact f o r c e  i s  then i n  a forward quadrant as discussed i n  an e a r l i e r  

sec t i on  o f  t h i s  r epo r t .  

The r e s u l t s  f o r  l i g h t  t rucks  a re  s i m i l a r ,  bu t  w i t h  on ly  50 percent  

o f  the con tac ts  a t t r i b u t e d  t o  door panels or  s i de  surfaces, and a  

corresponding increase f o r  A - p i l l a r s  and other  components. 

The in fo rmat ion  t h a t  has been presented above on i n t r u s i o n  has been 

1 i m i  t ed  t o  data from t h e  i n t e r n a l  sur faces i n t r u s i o n  forms ( I S ) ,  except 

f o r  Table 62. As noted there,  1 1  2  occupants o f  passenger cars and 10 o f  

1 i g h t  t r ucks  were i n  v e h i c l e s  f o r  which a ca tas t r oph i c  crash (CC) form 

was completed. Very l i t t l e  i n t r u s i o n  da ta  were c o l l e c t e d  on these 

cases, and no at tempt was made t o  assoc ia te  i n j u r y  w i t h  i n t r u s i o n .  

However, a  b r i e f  summary of  these cases w i  1 1  be given. The 

d e s c r i p t i o n  o f  the p r i n c i p a l  ca tas t r oph i c  damage f o r  t h e  passenger ca rs  

i s  g iven i n  Table 64. Major separat ion occurred i n  h a l f  the  cases, w i t h  

separa t ion  a t  the 0 - p i l l a r  i n 4 3  percent .  Major s e p a r a t i o n a t  t he  B- 

p i l l a r  i s  equ iva len t  t o  t r ansec t i on  o f  the v e h i c l e  a t  t h a t  p o i n t .  

Near ly  h a l f  o f  the cases were of  extreme compression, p r i m a r i l y  from the  

l a t e r a l  d i r e c t i o n s .  



TABLE 63 
NCSS2 

Occupant Contact w i  t h  l n t r u d i  ng Components (weighted) 

*The tabu la ted  f requenc ies are the number o f  occupants crossed 
w i t h  the i n d i v i d u a l  components they contacted, e.g., each 
occupant cou ld  have contacted several  i tems. The percentage 
d i s t r i b u t i o n  thus g ives the d i s t r i b u t i o n  o f  components among 
a l l  component contacts .  

Component 

Door Panel/Side Surface 

A-Pi 1 l a r  

Instrument Panel 

8-Pi 1 l a r  

Roof 

Roof Side R a i l s  

Front-Seat Back 

Toe Pan 

Steer i ng Col umn/ 
Assembl y  

Other 

To ta l  

E j e c t i o n  i s  a  p o t e n t i a l l y  impor tant  cons idera t ion ,  p a r t i c u l a r l y  i n  

cases o f  major separat ion.  Table 65 shows t he  number o f  e j ec ted  

occupants f o r  the pr imary damage ca tegor ies .  E j e c t i o n  among a l l  112 

occupants was 17.8 percent ,  a  much h igher  r a t e  than f o r  a1 1 o ther  s ide  

impacts. The r a t e  was p a r t i c u l a r l y  h igh  i n  cases o f  major separat ion.  

I n j u r y  r a tes  f o r  va r ious  ca tegor ies  o f  e j e c t i o n  a re  g iven  i n  Table 

66. I n  side-impact acc idents  i n  general ,  non - f a ta l  AIS=4 and -5 

Contacts* 

Passenger Cars 

N 

1043 

145 

108 

4 9 

4 6 

4 5 

3 2 

26 

29 

79 

1602 

L i g h t  Trucks 

% 

65.1 

9 - 1  

6 7 

3 - 1  

2 - 9  

2.8 

2 $ 0  

1.6 

1.8 

4.9 

100.0 

N 

65 

14 

13 

5 

7 

6 

0  

7 

1 

10 

128 

% 

50.8 

10. 9 

10.2 

3.9 

5 e 5  

4 7 

0.0 

5 + 5  

0.8 

7 . 8  

100.0 



TABLE 64 
Catast rophic  I n t r u s i o n  Damage 

Passenger Car Occupants (wei ghted) 

i n j u r i e s  and f a t a l i t i e s  occur w i t h  approx imate ly  equal frequency. In  

the cases o f  ca tas t r oph i c  i n t r us i on ,  f a t a l i t i e s  were much more f requent .  

I n t e r e s t i n g l y ,  the f a t a l i t y  r a t e  was no t  h igher  among the  e jectees,  

i n d i c a t i n g  the extreme s e v e r i t y  o f  damage. Maybe the  most s u r p r i s i n g  

observa t ion  i s  t h a t  over h a l f  t he  occupants i n  veh i c l es  w i t h  

ca tas t r oph i c  i n t r u s i o n  had i n j u r i e s  o f  AIS=3 or  lower. 

Only 10 occupants o f  l i g h t  t r ucks  were i n  cases o f  ca tas t r oph i c  

i n t r u s i o n .  Rather than t abu la te  these few cases, they a re  i n d i v i d u a l l y  

summarized i n  Appendix D. 

% 

49.1 
3 6 

42.9 
2  7 

42.9 
8.0 
2.7 

0  
12.5 
19.6 

- 8.0 

100.0 

Desc r i p t i on  of  
P r i n c i p a l  Damage 

Major Separation: 
A t  F i r e w a l l  
A t  B - P i l l a r  
A t  Roof 

Extreme Compression 
V e r t i c a l  Roof 
Longi tudinal-From Rear 
Long i tud ina l  From Fron t  
Lateral-From R igh t  
Lateral-From L e f t  

Other 

To ta l  

N 

% 
4 

48 
3 

- 48 
9 
3 
0  

14 
2 2 

9 

112 



TABLE 65 
Catast rophic  Damage and E j e c t  i on  

Passenger Car Occupants (Weighted) 

TABLE 66 
E j e c t i o n  and I n j u r y  i n  Catast rophic  I n t r u s i o n  

Damage 

Major Separat ion 
N 
% 

Extreme Compression 
N 
% 

Other 
N 
% 

To ta l  
N 
% 

E j e c t i o n  

I n j u r y  Sever i t y  

A I S  0-3 

AIS 4-5 
(non-fata 1) 

Fa ta l  

To ta l  

M.D. 

Ejected 

15 
27.3 

5 
10.4 

0 
0.0 

20 
17.8 

E j e c t i o n  

Not 
E jected 

4 0 
72 7 

4 3 
89.6 

9 
100.0 

9 2 
82.1 

To ta l  

55 
100.0 

4 8 
100.0 

9 
100.0 

112 
100.0 

No 

N 

46 

7 

33 

86 

6 

% 

53.5 

8.1 

38.4 

100.0 

Yes 

N 

13 

1 

6 

20 

o 

Tota 1 

% 

65.0 

5.0 

30.0 

100.0 

N 

59 

8 

39 

106 

6 

% 

55.7 

7.5 

36.8 

100.0 



5.0 DESCRIPTION OF SERIOUS INJURY I N  SIDE IMPACTS 

The d e s c r i p t i o n  o f  i n j u r y  i n  t h e  NCSS da ta  s e t  i s  p rov ided  by t h e  

Occupant I  n j u r y  C l a s s i f i c a t i o n  (0 I  C) code which  i nc ludes  t h e  sever i t y  

index (AIS) . I t  i s  accompanied by  t h e  most p robab le  source o f  i n j u r y ,  

t h e  ocupant c o n t a c t  code which  g i v e s  t h e  o b j e c t  o r  v e h i c l e  component 

impacted by the  occupant.  The i n j u r y  d a t a  have a  s u b s t a n t i a l  amount o f  

m i s s i n g  i n f o r m a t i o n .  Because o f  t h i s ,  NHTSA has d e r i v e d  a  s e t  o f  

dichotomous ( s p l i t )  i n j u r y  v a r i a b l e s .  These a r e  based l a r g e l y  on t h e  

o v e r a l l  AIS (OAIS), b u t  t h e r e  t h i s  i s  m iss ing ,  t hey  have d e r i v e d  t h e  

v a r i a b l e s  based on o t h e r  p o i n t s  o f  i n f o r m a t i o n  when a v a i l a b l e .  By t h i s  

procedure ,  t h e  m i s s i n g  da ta  r a t e  on i n j u r y  s e v e r i t y  i s  reduced 

s u b s t a n t i a l l y ,  a l t h o u g h  w i t h  a  lower l e v e l  o f  d e t a i l .  I t  i s  because o f  

t h e  much lower m i s s i n g  da ta  r a t e ,  and because t h e  Advanced N o t i c e  o f  

Proposed Rul emak i ngl "uggested an A I  S-4 (ser  i ous) th resho ld ,  t h a t  one 

o f  t h e  dichotomous v a r i a b l e s  has been used f o r  t a b u l a t i n g  i n j u r y  

s e v e r i t y  i n  t h i s  s t u d y .  

I n  l o o k i n g  a t  more d e t a i l e d  i n f o r m a t i o n  on i n j u r y ,  e lements o f  t h e  

OIC must be used. These v a r i a b l e s  have s u b s t a n t i a l  m i s s i n g  d a t a ,  even 

f o r  t hose  occupants coded as AIS=4+ ( i n c l u d i n g  a1 1 f a t a l s )  on t h e  

dichotomous v a r i a b l e .  The r a t e  i s  even h ighe r  on t h e  occupant c o n t a c t  

v a r i a b l e s .  Whi le  t h e  m i s s i n g  d a t a  r a t e  f o r  OIC i s  somewhat l e s s  f o r  

Phase I I ,  i t  i s  s t i l l  s u b s t a n t i a l .  

Because t h e  r a t e  i s  h i g h  i n  b o t h  phases, and t o  have as much d a t a  

a v a i l a b l e  as p o s s i b l e ,  bo th  phases w i l l  be used f o r  examining t h e  i n j u r y  

d e t a i  1 on  s e r i o u s l y  i n j u r e d  (AIS=4+, f a t a l )  occupants o f  passenger c a r s .  

L i g h t  t r u c k  da ta  must, o f  necess i t y ,  be l i m i t e d  t o  Phase I I .  S ince  

t h e r e  were o n l y  22  s e r i o u s l y  i n j u r e d  occupants o f  l i g h t  t r u c k s ,  and they  

a r e  desc r ibed  i n d i v i d u a l l y  i n  Appendix A, t h i s  s e c t i o n  w i l l  b e  

r e s t r i c t e d  l a r g e l y  t o  passenger ca r  occupants.  

= ' "Federal  Motor V e h i c l e  S a f e t y  Standard: S ide  Impact P r o t e c t i o n , "  
Federa l  Reqi s t e r  , Vol . 44, No. 2 3 6 ,  p. 70204, December 6, 1979. 



I t  must be noted t h a t  w h i l e  us i ng  bo th  phases does increase the  

amount o f  data,  i t  does no th ing  t o  reduce any b iases t h a t  m igh t  be 

assoc ia ted w i t h  the  miss ing data. 

The d e t a i l  t o  be examined below i s  t h a t  g iven f o r  the f i r s t  l i s t e d  

i n j u r y .  Presumably t h i s  i s  t he  most ser ious i n  the  case o f  m u l t i p l e  

i n j u r i e s ,  and the  one respons ib le  f o r  t he  OAIS> 

The body d i s t r i b u t i o n  reg ion i n j u r e d  f o r  passenger car occupants 

w i t h  a  der i ved  AIS o f  4 or  g rea te r ,  i n c l ud ing  f a t a l i t i e s ,  i s  shown i n  

Table 67. The most f requen t  i n j u r i e s  were t o  the  head, account ing f o r  

over a  t h i r d  o f  the se r ious  i n j u r i e s .  The second most p reva len t  were 

i n j u r i e s  t o  the  chest (20.8 percent)  . Among non - f a ta l  cases w i t h  

AIS=4,5, i n j u r i e s  t o  the  abdomen were second most p reva len t .  However, 

these a re  less  l i k e l y  t o  be f a t a l  than those t o  the  head, neck, o r  

chest . 
I t  sou ld  be noted t h a t  the m iss ing  data on body reg ion  among t he  

AIS=4+ occupants i s  28.5 percent,  and t h a t  i t  i s  almost e x c l u s i v e l y  

among the f a t a l s .  The miss ing  data r a t e  r e f l e c t s  the  r a t e  among the  O I C  

data  o f  which body reg ion  i s  an element. The f a t a l s  f o r  which the  body 

reg ion  i s  m iss ing  were i d e n t i f i e d  through a  separate v a r i a b l e ,  no t  by 

the A I S  code which i s  p a r t  o f  t he  O I C .  These a re  gene ra l l y  f a t a l i t i e s  

w i t hou t  a  medical record  or  autopsy r e p o r t .  

S i m i l a r  i n f o rma t i on  f o r  occupants o f  l i g h t  t r ucks  i s  g iven  i n  Table  

68. The r e s u l t s  a re  s i m i l a r  t o  those f o r  passenger cars,  b u t  w i t h  a  

h igher  p r o p o r t i o n  f o r  t he  abdomen. However, t h i s  observa t ion  i s  a re  

based on a  ve ry  smal l  number o f  cases. 

Table 69 g ives the ho r i zon ta l  l o c a t i o n  o f  damage t o  the ca r  f o r  

each o f  the  f r e q u e n t l y  i n j u red  body reg ions.  For a l l  f ou r  l i s t e d  

reg ions,  damage t o  more than one - t h i r d  o f  the car (0, Y or  P) dominate. 

Impacts i n t o  a  s i n g l e  l o c a t i o n  i s  less  l i k e l y  t o  cause ser ious  i n j u r y .  

Damage t o  t he  f r o n t  and passenger compartment caused more o f  the  se r i ous  

i n j u r i e s  t o  each body reg ion  than any other h o r i z o n t a l  p a t t e r n  o f  

damage. 

I t  i s  not  d i f f i c u l t  t o  con jec tu re  the  reason f o r  these r e s u l t s .  

General ly,  s i de  impacts i nvo l v i ng  more than one ho r i zon ta l  area a re  more 



TABLE 67 
Ser ious ly  l n j u r e d  Occupants o f  Side Impacts (Weighted) 

Body Region l  n j u r e d  
( I n j u r y  Number 1) 

Passenger Cars 
(Phases I and I I )  

severe than those conf ined t o  one area, and r e s u l t  i n  more severe 

i n j u r y .  Whether i n  a  c l a s s i c a l  i n t e r s e c t i o n  acc iden t  o r  a  s i n g l e  

v e h i c l e  impact w i t h  a  f i x e d  ob jec t ,  the ca r  impacted i n  the  s i de  usua l l y  

has a s u b s t a n t i a l  forward component o f  v e l o c i t y .  Since pene t ra t i on  o f  

the impact ing ob jec t  increases w i t h  t ime, the g rea tes t  pene t ra t i on  i s  

u s u a l l y  toward the rear  o f  the  damaged area. Thus, i n  Z area impacts 

Head/Skull/Face 

Neck 

Chest 

Back 

Abdomen 

Pe l v i c /H ip  

Shou 1 der 

Upper Ex t rem i t i es  

Lower Ex t rem i t i es  

Whole Body 

To ta  1 

M.D. 

% o f  A 1  1 

4-Fatal  495 

N 

126 

45 

70 

2  

53 

5 

0  

15 

18 

2  

336 

134 

New A I S  

Fa ta l  

N 

55 

7 

2  1 

1 

41  

5 

0  

15 

17 

1 

163 

1 

% 

37.5 

13.4  I 20.8 

0.6 

15.8 

1 -5  

0 

4.5 

5.4 

0.6 

100.0 

28.5 

N  

7 1  

38 

49 

1 

12 

0  

0  

0  

1 

1 

173 

133 

% 

33.7 

4.3 

12.9 

0.6 

25.2 

3.1 

0.0 

9.2 

10.4 

0.6 

100.0 

0.6 

% 

41.0 

22.0 

28.3 

c.6 

6 * 9  

0.0 

0.0 

0.0 

0.6 

0.6 

100.0 

43.5 



TABLE 68 
Ser ious ly  I n ju red  Occupants o f  Side Impacts (Weighted) 

Body Region I n j u r e d  
( I  n j u r y  Number 1) 

L i g h t  Trucks 

the  g rea tes t  pene t ra t i on  i s  f r e q u e n t l y  i n  t he  quar ter -panel  reg ion,  w i t h  

less i n  t h e  passenger compartment. Furthermore, these impacts are 

l i k e l y  t o  i nvo l ve  more damage i n  t he  low-occupancy rear -sea t  area o f  the 

passenger compartment. Conversely, impacts i n v o l v i n g  t he  f r o n t  and 

passenger compartment u s u a l l y  r e s u l t  i n  maximum pene t ra t i on  i n  the 

passenger compartment, o f t e n  i n  the f ron t -door  area. 

Head/Skull/Face 

Neck 

Chest 

Back 

Abdomen 

Pe lv i c /H ip  

Shou 1 der 

Upper Ex t rem i t i es  

Lower Ex t rem i t i es  

Who1 e Body 

To ta  1 

M.D. 

% o f  ~ 1 1  

4-Fatal  4 , 5  

N 

8 

2 

1 

0 

5 

1 

0 

0 

1 

0 

18 

4 

New AIS 

Fa ta l  

N 

3 

0 

0 

0 

3 

1 

0 

0 

1 

0 

8 

0 

% 

44.4 

11.1 

5 6 

0 .O 

27.8 

5 e 6  

0.0 

0.0 

5.6 

0 .O 

100.0 

18.2 

N 

5 

2 

1 

0 

2 

0 

0 

0 

0 

0 

10 

4 

% 

37.5 

0.0 

0.0 

0.0 

37.5 

12.5 

0.0 

0.0 

12.5 

0.0 

100.0 

o .o 

% 

50.0 

20.0 

10.0 

0.0 

20.0 

0.0 

0.0 

0.0 

0.0 

0.0 

100.0 

28.6 



TABLE 69 
Hor i zon ta l  Loca t ion  o f  Damage by Body Region I n j u r e d  

Ser ious ly  I n j u r e d  Passenger Car Occupants i n  Side Impacts 
( A  I  S=4+, Phases I and I I ,  weighted) 

D i r e c t i o n  o f  impact f o r c e  by body reg ion  i s  shown i n  Table 70. The 

more common d i r e c t i o n s  among t he  severe ly  i n j u r e d  a re  2 and 10 o ' c l o c k - -  

f o r  a l l  f ou r  body reg ions.  

Ho r i zon ta l  Loa t ion  
o f  Damage 

F ron t  (F) 

Rear (R) 

D i s t r i b u t e d  (D) 

Passenger 
Compartment(P) 

F ron t  & Pass. 
Compartment (Y) 

Rear & Pass. 
Compartment ( 2 )  

Tota 1 

M.D. 

The types o f  i n j u r y  ( les ion)  and causes of i n j u r y  (ob jec t  

contacted) a re  g iven i n  Tables 7 1  and 7 2 .  Most o f  the head i n j u r i e s ,  

62.2 percent ,  a re  b r a i n  (or b r a i n  stem) concussions or contusions. The 

most common s i n g l e  cause i s  con tac t  w i t h  ob jec t s  e x t e r i o r  t o  the 

passenger compartment--cases o f  e i t h e r  p a r t i a l  o r  complete e j e c t i o n .  

Impact w i t h  t he  A - p i l l a r  accounts f o r  o n e - f i f t h .  Contact w i t h  s ide  

sur faces which a re  most l i k e l y  t o  in t rude- -s ide  i n t e r i o r  surfaces and 

armrests- -on ly  account f o r  4.5 percent .  The r o o f ,  r oo f  s i de  r a i l ,  and 

window frame account f o r  19.9 percent .  I n t r u s i o n  o f  these l a t t e r  

Body Region ( I n j u r y  1) 

Head/Skull /  
Face 

N 

10 

11 

21 

18 

39 

27 

126 

0 

Neck 

% 

7.9 

8.7 

16.7 

4 

3 1 . 0 1 7  

21.4 

100.0 

5 

0  

10 

5 

8 

45 

0  

N %  

1 1 . 1  

0.0 

22.2 

1 1 . 1  

3 7 . 7 3 3  

17.8 

100.0 

Chest 

3 

0  

17 

8 

9 

70 

0 

Abdomen 

N %  

4.3 

0.0 

24.3 

11.4 

47 .124  

12.9 

100.0 

4  

1 

6 

6  

12 

53 

0 

N %  

7.5 

1 .9 

11.3 

11.3 

45.3 

22.6 

100.0 



TABLE 70 
D i r e c t i o n  o f  Impact Force by Body Region I n j u red  

Ser i ous l  y l n j u red  Passenger Car Occupants i n Side Impacts 
( A  I S=4+, Phases i and I I weighted) 

ob jec t s  usua l l y  r e s u l t s  from impacts w i t h  f i x e d  o b j e c t s  such as t rees  

and po les.  

Force D i r e c t i o n  
(O'c lock)  

One 

Two 

Three 

Four 

F i v e  

S i x  

Seven 

E i g h t  

N i ne 

Ten 

E 1 even 

Twe 1 ve 

Tota 1 

M.D. 

Non-contact was the  most l i k e l y  cause o f  se r ious  neck i n j u r y .  Th is  

u s u a l l y  r e s u l t s  f rom hyperextens ion which can occur i n  two ways, High 

r o t a t i o n a l  a c c e l e r a t i o n  o f  t he  head can r e s u l t  i n  hyperextension, as i n  

whiplash. Probably more f requen t ,  however, i s  hyperextension r e s u l t i n g  

Body 

Head/Skull /  

( I n j u r y  1) Region 

N 

1 1  

38 

7 

6 

0 

0 

1 

5 

7 

34 

1 1  

5 

125 

1 

3 

16 

3 

3 

0 

0 

2 

2 

3 

12 

5 

1 

50 

3 

5 

22 

2 

2 

1 

0 

1 

1 

5 

21 

6 

3 

69 

1 

3 

13 

8 

1 

1 

0 

1 

1 

o 

8 

3 

1 

41 

4 

Face 

% 

8.8 

30.4 

5.6 

4.8 

0.0 

0.0 

0.8 

4.0 

5.6 

27.2 

8.8 

4.0 

100.0 

Abdomen 

N %  

6.0 

32.0 

6.0 

6.0 

0.0 

0.0 

4.0 

4.0 

6.0 

24.0 

10.0 

2.0 

100.0 

Chest 

N %  

7.2 

31.9 

2.9 

2.9 

1.4 

0.0 

1.4 

1.4 

7.2 

30.4 

8.7 

4.3 

100.0 

Neck 

N %  

7.3 

31.7 

19.5 

2.4 

2.4 

0.0 

2.4 

4.9 

0.0 

19.5 

7 .3  

2.4 

100.0 



TABLE 71  
Lesion by Body Region 

Se r i ous l y  I n j u r e d  Passenger Car Occupants i n  Side Impacts 
( A  I S=4+, Phases I and I I , weighted) 

from con tac t  o f  the head w i t h  an o b j e c t .  E j e c t i o n  was a l s o  a f requen t  

cause of these i n j u r i e s .  Near ly a1 1 neck ( A I S  4+) i n j u r i e s  were 

f r a c t u r e s  or d i s l o c a t i o n s  o f  the c e r v i c a l  ver tebrae.  

Les ion 

Lace ra t i on  

Contus ion  

F rac tu re  

Concussion 

Hemorrhage 

Avu ls ion  

Rupture 

D i s l o c a t i o n  

Crushi ng 

Amputation 

Other 

To ta l  

M.D. 

Severe chest i n j u r i e s  were most 1 i k e l y  1 acera t ions  (38.6 percen t ) ,  

w i t h  f r a c t u r e s  account ing f o r  another 22.9  percent .  Only f r a c t u r e s  o f  

the  sp ine  or r i b  f r a c t u r e s  r e s u l t i n g  i n  f l a i l  chest  a re  coded as AIS=4+. 

Contact w i  t h  s i de - i  n t e r  i o r  surfaces i n c l u d i n g  t he  armrest caused 62 

N 

23 

0 

0 

0 

0 

2  

24 

0 

0 

1 

0 

50 

3 

Head/Sku 1 1 / 
Face 

Body Region ( I n j u r y  1) 

Abdomen 

% 

46.0 

0.0 

0.0 

0.0 

0.0 

4.0 

48.0 

0.0 

0 .O 

2  .O 

0.0 

100.0 

N 

2 1 

2 7 

6 

4 7 

4 

2 

0 

0 

8 

0 

0 

119 

7 

% 

17.6 

2 2 . 7  

5.0 

39.5 

3 . 4  

1.7 

0.0 

0.0 

6.7 

0.0 

0.0 

100.0 

N 

1 

0 

36 

0 

0 

0 

0 

7 

0 

0 

1 

45 

0 

N 

27 

7 

16 

0 

3 

0 

3 

0 

10 

0 

4 

70 

0 

Neck 

% 

2.2 

0.0 

80.0 

0.0 

0.0 

0.0 

0.0 

15.6 

0.0 

0.0 

2.2 

100.00 

Chest 

% 

38.6 

10.0 

22.9 

0.0 

4.3 

0.0 

4.3 

0.0 

14.3 

0.0 

5.7 

100.0 



TABLE 7 2  
Object Contacted by Body Region 

Seriously Injured Passenger Car Occupants in Side Impacts 
(AIS=J+, Phases I and 11, weighted) 



percent  o f  the se r ious  ches t  i n j u r y ,  b u t  contact  w i t h  forward 

components, i .e. ,  the s t e e r i n g  assembly, or  instrument panel area, 

caused another 30 percent .  

Abdominal i n j u r i e s ,  which account f o r  o n l y  15.8 percent  o f  the 

se r ious  i n j u r i e s ,  are  l ace ra t i ons  ( i nc l ud ing  avu ls ions)  o f  i n t e r n a l  

organs. They a re  caused by con tac t  w i t h  t he  s i d e - i n t e r i o r  surfaces, 

armrests,  o r  t he  s t e e r i n g  wheel (79.4 percent)  . The armrest causes 

nea r l y  as many as s i d e - i n t e r i o r  surfaces, bu t  t h i s  r e s u l t s  more from i t s  

l o c a t i o n  than from h igher  r e l evan t  aggression. 

The aggregate o f  se r ious  i n j u r y  number one ( the f i r s t  recorded OI C) 

t o  a l l  body reg ions i s  g iven  i n  the l a s t  column o f  Table 72. Side- 

i n t e r  i or  s u r f  acs and armrests caused 27.6 percent.  Roof s, r oo f - s  ide 

r a i l s ,  and window frames accounted f o r  another 10 percent .  F ron ta l  

components such as t he  s t e e r i n g  assemly, instrument panel, w indsh ie ld  

and m i r r o r  produced 25.7 percent  o f  the se r ious  i n j u r i e s .  Th i s  f i g u r e  

r i s e s  t o  32.8 percent  i f  the A - p i l l a r s  are included, the  f r o n t a l  group 

then becoming t he  dominant i n j u r y  source. 

The ma te r i a l  t h a t  has been presented on i n j u r i e s  a l l  has 

s u b s t a n t i a l  m iss ing  data.  Occupant con tac t  i n fo rmat ion  (Table 72) was 

miss ing  on 37.5 percent o f  the se r i ous l y  i n j u r e d  occupants w i t h  v a l i d  

body reg ion  data,  wh i l e  body reg ion  in fo rmat ion  was miss ing  on 30 

percent  o f  the  se r i ous l y  i n j u r e d  occupants. The in ferences t h a t  have 

been drawn are based on t h e  assumption t h a t  the m iss ing  data are 

unbiased. Yet we have no s u b s t a n t i a t i o n  t h a t  such i s  the case. On the 

con t ra r y ,  i t  seems l i k e l y  t h a t  the  miss ing data on t h e  body reg ion  

v a r i a b l e s  a re  biased s ince  the m a j o r i t y  o f  a1 1 such cases were 

f a t a l i t i e s .  I n j u r y  d e t a i l s  a re  a v a i l a b l e  i n  NCSS on the f a t a l l y  i n j u r e d  

occupants on l y  when a medical d iagnos is  or  autopsy repo r t  was ava i l ab l e ,  

and such were a v a i l a b l e  f o r  on ly  about one-hal f  o f  the  f a t a l l y - i n j u r e d  

occupants. Thus documentation o f  body reg ion  i n j u r e d  i s  m iss ing  on 43.5 

percent  o f  the  f a t a l s .  Those w i t hou t  the requ i red  documentation tend t o  

be DOA's. Those k inds o f  i n j u r i e s  which lead t o  e a r l y  death would thus 

be overrepresented i n  the  miss ing data.  These are l i k e l y  t o  be head 

i n j u r y ,  w i t h  the consequence t h a t  the frequency o f  chest i n j u r y  among 

a l l  f a t a l s  may be even lower than i s  shown i n  Tables 67 and 68. - 



S i nce chest  i n j u r y  c r  i t e r  i a  equ iva len t  t o  A I  S=4+ has been suggested 

as a  performance t e s t  threshold ,  i t  i s  p a r t i c u l a r l y  germane t o  consider 

chest i n j u r y  i n  t he  data presented above. 

Of t he  336 se r i ous l y  or  f a t a l l y  i n j u r e d  occupants w i t h  v a l i d  da ta  

on body reg ion ,  70 (20.8 percent)  rece ived the most severe i n j u r y  (OIC1) 

t o  the chest .  Of these, 43  rece ived  the  chest  i n j u r i e s  i n  impacts w i t h  

f o r ce  d i r e c t i o n s  o f  45-75 degrees o f f  the forward l o n g i t u d i n a l  a x i s  

(c lock d i r e c t i o n s  o f  2 or  l o ) ,  equa l l y  d i v i d e d  between r i g h t  and l e f t  

s i de  impacts. Only seven occupants (two percent o f  the 336 s e r i o u s l y  

i n j u r e d  w i t h  v a l i d  body reg ion  data) rece ived pr imary chest i n j u r y  i n  3 

o r  9 o ' c l o c k  impacts, 

The chest  i n j u r i e s  were t y p i c a l l y  sustained i n  impacts t h a t  

invo lved a  subs tan t i a l  area o f  the  ca r .  Only 15 percent r e s u l t e d  f rom 

damage t o  a  s i n g l e  area as de f i ned  by the  ho r i zon ta l  l o c a t i o n  element o f  

the  CDC.  

The pr imary les ions  coded f o r  se r ious  chest i n j u r i e s  were 

l ace ra t i ons  and f r a c t u r e s  (61.5 percen t ) ,  w i t h  crush ing account ing f o r  

another 14.3 percent .  

Contact w i  t h  a  s ide - i  n t e r  i o r  su r face  o r  armrest produced 62 percent  

o f  the AIS=4+ chest i n j u r i e s ,  w h i l e  32 percent r e s u l t e d  from foward 

components such as the instrument panel ,  s t e e r i n g  wheel, w indshie ld ,  A -  

p i l l a r ,  e t c .  

I t  i s  impor tant  t o  note t h a t  on l y  14.8 percent o f  the s e r i o u s l y  

i n j u r e d  or  f a t a l  occupants had, as t h e i r  pr imary i n j u r y ,  chest  l es i ons  

from con tac t  w i t h  s i d e - i n t e r i o r  sur faces o r  armrests." 

I n j u r i e s  t o  the  head, s k u l l ,  and face  account f o r  over one - t h i r d  o f  

the occupants w i t h  AIS=4+--more than any other body reg ion .  These 

i n j u r i e s  a r e  p r i m a r i l y  l ace ra t i ons ,  contusions, and concussions. They 

r e s u l t  f rom occupant con tac t  w i t h  a  v a r i e t y  o f  ob jec ts .  Forward 

"Based on 31 occupants ou t  o f  210 w i t h  v a l i d  da ta  on bo th  body 
reg ion  and con tac t .  Of the  t o t a l  o f  470 occupants w i t h  AI S=4+, 134 had 
miss ing da ta  on body region, and o f  the remainder 126 had miss ing da ta  
on contact  as shown i n  Table 72, l eav i ng  the  remainder o f  210. The 14.8 
percent  was ca lcu la ted  on t h e  assumption t h a t  the m iss ing  data cases 
were unbiased on a l i  the above v a r i a b l e s .  



components, i . e . ,  the instrument panel ,  w indsh ie ld ,  s t e e r i n g  wheel, 

e tc . ,  along w i t h  A - p i l l a r s ,  r o o f  s i d e  r a i l s ,  r o o f s ,  and ob jec t s  e x t e r i o r  

t o  the  passenger compartment together account f o r  71.9 percent  o f  the 

head i n j u r i e s .  S i d e - i n t e r i o r  surfaces, i n c l u d i n g  armrests and door 

hardware account f o r  on ly  s i x  percent  o f  such i n j u r i e s .  

Primary i n j u r y  t o  the abdomen accounts f o r  15.8 percent  o f  the  

A I  S=4+ occupants. These i n j u r i e s  are 1 acerat  ions and rup tu res  o f  

i n t e r n a l  organs. Most o f  them r e s u l t  from con tac t  w i t h  the  s tee r i ng  

wheel, s i d e - i n t e r i o r  surfaces, and armrest; the l a t t e r  two account ing 

f o r  44.1 percent  o f  such cases. 

Neck i n j u r i e s  c o n s t i t u t e  13.4 percent o f  the AIS=4+ cases, bu t  none 

r e s u l t  from door s t r uc tu res  o r  suppor t ing p i  1 l a r s  (except a  smal l  number 

f rom the upper window frame). Ha l f  of  the neck i n j u r i e s  d i d  no t  r e s u l t  

from d i r e c t  con tac t .  

From the  i n j u r y  pa t te rns  and causes observed i n  the N C S S  program, 

i t  appears t h a t  a chest i n j u r y  c r i t e r i a  based on a  t e s t  c o n f i g u r a t i o n  

represen t ing  a  s i n g l e  impact f o r c e  d i r e c t i o n  would a t  bes t  represent  

o n l y  13 percent  o f  the s e r i o u s l y  i n j u r e d  occupants o f  s i de   impact^.'^ 

The p r o p o r t i o n  would be even lower i f  the t e s t  represented o n l y  ca r - to -  

car  impacts o r  f i xed -ob jec t  impacts. 

15Based on 43 a t  2 and 10 o ' c l o c k  ou t  o f  336 w i t h  v a l i d  data on 
body reg ion.  
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CASE SUMMARIES OF LIGHT-TRUCK SIDE IMPACTS 

WITH SERIOUS INJURIES 

This appendix includes individual case summaries of light-truck 

side impacts in the NCSS project with serious injury--injuries with a 

dichotomous AIS of 4 or more, 

Of the 803 weighted occupants of side-impacted 1 ight-trucks in the 

NCSSZ dataset, only twenty-two received injuries of AIS 4+, Because of 

the severity of their injuries, they a1 1 had a weighting factor of one; 

hence they are represented by twenty-two actual occupants. The group is 

composed of fourteen fatalities and eight non-fatalities, and represent 

eighteen vehicles. Thus eighteen case vehicles are summarized, All 

occupants of each vehicle are included, not just those with the serious 

injuries. 

Each summary incorporates data from the vehicle and occupant files, 

and includes all information available from the interior surfaces 

intrusion form, the catastrophic intrusion and occupant contact forms, 

and all injury information. A table of intrusions is given for each 

case for which intrusion was documented. The direction of intrusion is 

given by the measurement axis used by the investigator. These are the 

X-axis (fore and aft), Y-axis (lateral), and Z-axis (vertical). 

A synopses of the twenty-two serious injury cases is provided by 

Figures 14 and 15. The type of collision is given in Figure 14. 

. Single-vehicle collisions included nine of the serious injuries of which 

eight were fatals. Two-vehicle collisions accounted for thirteen of the 

serious injuries of which six were fatals. Five of the six fatals 

resulted from collisions with large trucks; only one from a light 

vehicle. 

The injury causations are outlined in Figure 15. Catastrophic 

intrusionwas involved in six of the 8 fatalities while the same 

number--but not all the same occupants--were ejections. 

Only two of the fourteen fatalities resulted from occupant contact 

with intruding surfaces. These were an intruding A-pillar in case 

number 48072206 1, and a roof i n case number 680819040. 



18  LIGHT TRUCKS 

22 O c c u p a n t s  w i t h  AIS-4+ 
14  F a t a l  i t  i e s  

1 9 S INGLE-VEH ICLE COLLlS IONS I 
9 O c c u p a n t s  w i t h  AIs-4+ 
8 F a t a l i t i e s  

3 IMPACTS INTO 
TREE, U T I L I T Y  POLE 

3 O c c u p a n t s  w i t h  AIS-4+ 
2 F a t a l i t i e s  

6 IMPACTS INTO 
OTHER OBJECTS 

6 O c c u p a n t s  w i t h  AIS-4+ 
6 F a t a l  i t  i e s  

I 9 TWO-VEHICLE COLLISIONS I 
13 O c c u p a n t s  w i t h  AIS-4+ 
6 F a t a l  i t  i e s  

6 COLLISIONS WITH 4 COLLISIONS WITH 
PASS. CARS/LT. TRUCKS LARGE TRUCKS 

8 O c c u p a n t s  w i t h  AIS-4+ 5 O c c u p a n t s  w i t h  AIS-4+ 
1 F a t a l i t y  5 F a t a l i t i e s  

FIGURE 14. L i g h t  T r u c k  O c c u p a n t s  w i t h  S e r i o u s  I n j u r y - - T y p e  o f  C o l l i s i o n  





The individual case summaries follow. 



C A S E  NO. 180807003 

VEHICLE: 1977 Chevrolet  C-20 Pickup NO. OF VEHICLES: 2 
VEHl CLE NO.: 2 NO. OF OCCUPANTS: 2 

F i r s t  Impact: Truck >10,000 l b .  GVW Second Impact: U t i l i t y  Po le  

CDC 1 ,  10LDAW4 C D C  2, 03RBEN1 
Del t a  V: Unknown 
L a t e r a l  De l t a  V: Unknown 
L e f t - f r o n t  door opened. 

Catast rophic  I n t r u s i o n  

Opened or  separated a t  B-pi l l a r .  
Catast rophic  compression from l e f t .  

60-80% reduc t  i on i n 1 e f  t - f  r o n t  occupant space. 
20-40% reduc t  i on i n cen te r - f  r o n t  occupant space. 
Less than 20% reduc t i on  i n  r i g h t - f r o n t  occupant space. 

D r i v e r :  57 years, Male, Unrestrained, Fa ta l  

Lacerated aor ta ,  AIS 5, s t ee r i ng  wheel. 
Lacerated hear t ,  AIS 5, s t ee r i ng  wheel. 
Lacerated spleen, AIS 4, door handle. 
Lacerated d i g e s t i v e  organ, AIS 5, armrest.  
Fractured,  b i l a t e r a l ,  lower legs, AIS 4, instrument panel .  

R iqh t -F ron t  Occupant: 31 years, Male, Unrest ra ined,  Fa ta l  

Lacerated hear t ,  AIS 5, instrument panel .  
Lacerated aor ta ,  abdomen, A I S  5 ,  f r o n t  hardware. 
Lacerated aor ta ,  abdomen, AIS 4, f r o n t  hardware. 
Lacerated l i v e r ,  A I S  5, f r o n t  hardware. 
Lacerated r i g h t  lung, A I S  4, f r o n t  hardware. 
Lacerated spleen, A I S  4, f r o n t  hardware 



C A S E  NO. 181110020 

VEHICLE: 1974 Dodge W l O O  Pickup NO. O F  VEHICLES: 1  
VEHICLE NO.: 1  NO. O F  OCCUPANTS: 1 

F i r s  t Impact: Culver t/Ground/RR Tracks Second Impact: Tree >6" d i a. 

CDC 2,  lOLDLWl C D C  1 ,  OOLYAW6 
De l t a  V: Unknown 
La te ra l  De l ta  V: Unknown 
L e f t - f r o n t  door opened. 

Ca tas t roph ic  I n t r u s i o n  

Passenger compartment opened or  separated a t  f i r e  w a l l .  
Extreme v e r t i c a l  compression a t  r o o f  and l a t e r a l l y  from l e f t  s ide.  
60-80% reduc t i on  o f  1 e f  t - f  r o n t  occupant space. 
100% reduc t  ion  o f  cen te r - f  r o n t  occupant space. 
60-80% reduc t  i on  o f  r i gh t - f  r o n t  occupant space. 

D r i v e r :  19 Years, Male, Unrestrained, Trapped i n  Veh ic le ,  Fa ta l  

Lacerated l i v e r ,  AIS 5 ,  s ide  i n t e r i o r .  
Lacerated spleen, A I S  4, s i d e  i n t e r i o r .  
Contused b r a i n  ( l e f t ) ,  A I S  4,  roo f  s i d e r a i l .  
B i l a t e r a l  contused lungs, AIS 3, s t e e r i n g  wheel. 
B i l a t e r a l  f r a c t u r e d  r i b s ,  AIS 3, s t e e r i n g  wheel, 
Fractured l e f t  femur, AIS 3, s i de  i n t e r i o r .  



CASE NO. 190120044 

VEHICLE: 1973 Volkswagen Van NO. OF VEHICLES: 2 
VEHICLE NO.: 2 NO. OF OCCUPANTS: 1 

F i r s t  Impact: Subcompact 1973 Datsun Second Impact: Same subcompact 

C D C  1,  10LYEW2 C D C  2 ,  09LZEW1 
Del ta  V: 8 MPH 
La te ra l  D e l t a  V: 8 MPH 
L e f t - f r o n t  door opened. 

No i n t r u s i o n  or  other supplementary forms. 

D r i ve r :  37 years, Female, Unrestrained, Completely e j ec ted  
through l e f t - d o o r  area, A I S  4 o r  greater  

Contused b r a i n  ( l e f t ) ,  AIS 5 ,  "o ther . "  
Lacerated head (poster i or )  , A I S 1 ,  "o ther  .'I 
Abrasion o f  forehead, AIS 1 ,  "other."  
Pain i n  p o s t e r i o r  neck, A I S  1 ,  no contact .  
Pain i n  r i g h t  s i de  o f  head, A I S  1, "other."  



C A S E  NO. 280729028 

VEHICLE: 1966 GMC Pickup 
VEHICLE NO.: 1 

NO. OF VEHICLES: 1  
NO. O F  OCCUPANTS: 1 

F i r s t  Impact: Non-Movable Object  Second Impact: Non-Movable Object  

CDC 2, lOLFENl C D C  1 ,  09LBEW3 
Del ta  V:  Unknown 
La te ra l  Del ta  V: Unknown 
L e f t - f r o n t  door opened. 

Dr i ve r :  60 Years, Male, Unrestrained, Fa ta l ,  Complete 
e j e c t i o n  through l e f t - doo r  area. 

A l l  i n j u r y  i n f o rma t i on  i s  unknown. 



CASE NO. 280802053 

VEHICLE: 1973 Dodge 8-200 Van NO. OF VEHICLES: 1 
VEHICLE NO.: 1 NO. OF OCCUPANTS: 2 

F i r s t  Impact: Tree >6 i n .  d i a .  Second Impact: Tree <6 i n .  d i a .  

CDC 1 ,  OOLYAW4 C D C  2, 03RBAW2 
De l ta  V: Unknown 
La te ra l  De l t a  V: Unknown 
L e f t - f r o n t  door opened. 

Catast rophic  I n t r u s i o n  

Passenger compartment opened o r  separated a t  roo f  and B - p i l l a r .  
Less than 20% reduc t i on  o f  d r i v e r ' s  occupant space. 
No reduc t i on  o f  r i g h t - f r o n t  occupant space. 
Less than 20% reduc t i on  o f  1 ef  t - r e a r  occupant space. 

D r i ve r :  34 Years, Female, Unrest ra ined,  Fata l  

A l l  i n j u r y  data unknown. 

R igh t -F ron t  Occupant: 19 Years, Male, Unrest ra ined,  
OAIS=3, Unknown e j e c t i o n  

Fractured l e f t  wr is t /hand,  AIS 3, s t e e r i n g  wheel. 
Fractured l e f t  shoulder j o i n t ,  AIS 2, non-contact. 
Unknown i n j u r y  t o  back muscle, AIS 1 ,  non-contact. 
Lacera t ion  o f  l e f t  w r i s t ,  AIS 1 ,  s t e e r i n g  wheel, 
Abrasion o f  face, AIS 1,  Unknown. 
Contusion o f  face, A I S  1 ,  Unknown. 



C A S E  NO. 280816030 

VEHICLE: 1973 Chevrolet  C-10 Pickup NO. OF VEHICLES: 2 
VEHICLE NO.: 2 NO. OF OCCUPANTS: 4 

F i r s t  Impact: Interm. 1969 Chevro le t  T h i r d  Impact: Rol l over  

C D C  1,  O l R Y E W j  CDC 2, 00TDH03 
De l ta  V: Unknown 
La te ra l  De l ta  V: Unknown 

I n t r us i ons :  6 

D r i v e r :  33 Years, Female, Unrestrained, A I S  4 o r  g rea te r ,  
Completely e jec ted  through w indsh ie l d  area 

Ruptured spleen, AIS 5 ,  s t e e r i n g  wheel. 
Fractured r i g h t  ankle,  A I S  3, f o o t  c o n t r o l s .  
Fractured t ho rac i c  ve r tebra ,  AIS 2, non-contact .  
Concussion, AIS 1, w indshie ld .  
Contused r i g h t  f o o t ,  AIS 1, f o o t  c o n t r o l s .  
Abrasion o f  back, AIS 1, "other."  

R ight -Front  Occupant: Under 1-Year-Old, Male, Unrestrained, AIS 4 
o r  g rea te r ,  Completely e j ec ted  through closed r - f  window 

l mpac t 
No. 

1 
1 
1 
1 
- - 
- - 

Axis 

X 
x 
x 
Y - - 

-- 

No. 

1 
2 
3 
4 
5 
6 

Concussion, AIS 5, g love compartment. 
Fractured r i g h t  femur, AIS 3, g love  compartment. 
Abrasion o f  forehead, A I S  1, g l ove  compartment. 

Max. I n t r u s i o n  
I n .  ou t  o f  In .  

12 24 
13 20 
15 24 

7 20 - - - - 
- - - - 

Center-Front Occupant: 3 Years, Male, Unrest ra ined,  " C "  I n j u r y  on 
P o l i c e  Scale, Not E jected,  Transported and Released 

Object  

Toe Pan 
Toe Pan 
Instrument Panel 
Instrument Panel 
Not a p p l i c a b l e  --- 

l  n j u r y  data unknown. 

Occupant 
Space 

L e f t  Front  
Center F ron t  
R igh t  F ron t  
R igh t  F ron t  --- 

-..- 

Riuht -Front  Occupant: 1 1  Years, Male, Unrest ra ined,  OAIS=2, Completely 
e j ec ted  through c losed  r i g h t - f r o n t  window 

Lacerated r i g h t  arm, AIS 2, window g lass.  
Contused r i g h t  ank le / foot ,  A I S  2, f l o o r .  
Abrasion o f  l e f t  face, AIS 1 ,  "o ther"  e x t e r i o r  t o  passenger compartment. 
Abrasion o f  l e f t  neck, AIS 1, "o ther"  e x t e r i o r  t o  passenger compartment. 
Other muscle i n j u r y  p o s t e r i o r  neck, A I S  1 ,  non-contact .  
Contusion o f  forehead, AIS 1 ,  "o ther"  e x t e r i o r  t o  passenger compartment, 



C A S E  NO. 290302001 

VEHI CLE: 1978 Chevrolet  C-10 Pickup NO. O F  VEHICLES: 1 
VEHICLE NO.: 1 NO. O F  OCCUPANTS: 1 

F i r s t  Impact: U t i l i t y  Po le  

CDC 1,  03RPAW5 
De l t a  V: Unknown 
La te ra l  Del t a  V: Unknown 

I n t r us i ons :  8 

D r i ve r :  29 Years, Male, Unrest ra ined,  OAlS 4 ,  Unknown e j e c t i o n  

No. 

1 
2 
3 
4 
5 
6 
7 
8  

F rac tu red  p e l v i s ,  m u l t i p l e ,  AIS 4, s i de  i n t e r i o r .  
R igh t  pneurnothorax, AIS 3, s i d e  i n t e r i o r .  
F rac tu red  r i g h t  r i b ,  AIS 3, s i d e  i n t e r i o r .  
Concussion, AIS 2, A - p i l l a r .  
Burns, r i g h t  s i de  o f  body, A I S  2 .  
Contusion, r i g h t  chest,  AIS 1 ,  s i de  i n t e r i o r .  

Object  

A - P i l l a r  
A - P i l l a r  
Door/Side Panel 
Window Frame 
Door/Side Panel 
Window Frame 
Roof S i d e R a i l  
Windshie ld  Header 

Occupant 
Space 

Center Front  
R igh t  F ron t  
R igh t  F ron t  
R igh t  F ron t  
Center Front  
Center Front  
R igh t  F ron t  
R igh t  F ron t  

l mpac t 
No. 

1 
1 
1 
1 
1 
1 
1 
1 

Axis 

Y 
Y 
Y 
Y 
Y 
Y 
Y 
Z 

Max. I n t r u s i o n  
In .  ou t  o f  In .  

6 20 
20 20 
2 0  20 
20 2 0  

4 2 0  
4 2 0  

Unk. 2  0  
Unk. Unk. 



C A S E  NO. 380504001 

VEHICLE: 1978 Ford Pickup 
VEHICLE NO.: 2 

NO. OF VEHICLES: 2 
NO. OF OCCUPANTS: 2 

F i r s t  Impact: T rac to r -T ra i l e r  

CDC 1 ,  02RFEW7 
Del t a  V: Unknown 
La te ra l  De l t a  V: Unknown 
Right  door opened. 

I n t r us i ons :  8 

D r i ve r :  79 Years, Male, Unrest ra ined,  Fa ta l ,  
Complete1 y e jec ted  through unknown p o r t a l  

No. 

1 
2 
3 
4 
5 
6 
7 
8 

Fractured neck, AIS 6, non-contact. 
Lacerated head, AIS 1, w indsh ie ld .  

R ight -Front  Occupant: 70 Years, Male, Unrestrained, Fa ta l ,  
Completely e j ec ted  through r i gh t - doo r  area 

Object  

F loor  Pan 
Instrument Panel 
S teer ing  Column 
Door Panel 
Instrument Panel 
Instrument Panel 
F loor  Pan 
A - P i l l a r  

Fractured neck, A I S  6, non-contact. 
Fractured l e f t  lower leg,  AIS 2, unknown con tac t .  
Lacerated r i g h t  hand or  w r i s t ,  AIS 1, unknown contact .  

Occupant 
Space 

Fron t  F ron t  
L e f t  F ron t  
L e f t  Front  
R igh t  Front  
R igh t  F ron t  
Center F ron t  
Center F ron t  
R igh t  Front  

Max. I n t r u s i o n  
In .  ou t  o f  I n .  

10 2 2 
5 36 

Unk. Unk. 
7 2 2 
6 36 
9 36 
8 2 2 

Unk. Unk. 

l mpac t 
No. 

1 
1 
1 
1 
1 
1 
1 
1 

Axis 

Z 
X 
X 
Y 
X 
X 
Z 
Y 



C A S E  NO. 480722061 

VEHICLE: 1975 Chevrolet  Van-10 NO. OF  VEHICLES: 1 
VEHICLE NO.: 1 NO. OF  OCCUPANTS: 1 

F i r s t  Impact: Tree >6 i n .  diameter 

C D C  1, 11LYAW3 
De l t a  V: Unknown 
La te ra l  De l t a  V: Unknown 

I n t r us i ons :  13 

f r lnd ica tes  an i n j u r y  assoc ia ted w i t h  t h i s  i n t r u s i o n .  

D r i ve r :  29 Years, Male, Unrestrained, Fa ta l ,  Unknown e j e c t i o n  

Fractured s k u l l  ( l e f t ) ,  AIS 4, A - p i l l a r .  
Fractured t rachea or la rynx ,  AIS 4, unknown contact .  
Hemothorax ( l e f t ) ,  AIS 3, s i d e  i n t e r i o r .  
Fractured l e f t  face, AIS 3, window frame. 
Contused l e f t  lung, AIS 3, s i d e  i n t e r i o r .  
Fractured shoulder ,  AIS 2 ,  e x t e r i o r  ob jec t .  

l  mpac t 
No. 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Occupant 
Space 

L e f t  F ron t  
L e f t  F r o n t  
L e f t  F ron t  
L e f t  F ron t  
L e f t  F ron t  
R igh t  Front  
L e f t  Front  
3 rd  Seat--A1 1 
3 rd  Seat--A1 1 
L e f t  Front  
3 rd  Seat--A1 1 
L e f t  Front  

No. 

I* 
2 
3 
4$ 
5 
6 
7fr 
8 
9 

10 
1 1  
12* 

Object  

A - P i l l a r  
8 - P i l l a r  
Roof S ide R a i l  
Door Panel 
Windshie ld  Header 
F ron t  Seatback 
W i ndow Frame 
S i d e p a n e l  
Roof S ide R a i l  
Roof 
Roof 
E x t e r i o r  Object  

Axis 

Y 
Y 
Y 
Y 
X 
Y 
Y 
Y 
Y 
Z 
Z 
Y 

Max. I n t r u s i o n  
In. ou t  o f  In .  

4 3 1 
5 3 1 
6  3 1 
2 3 1 

Unk. Unk. 
Unk. Unk . 
Unk. 3 1 
Unk. Unk. 
Unk. Unk. 
Unk. Unk. 
Unk. Unk. 
Unk. 3 1 



C A S E  NO. 481212021 

V E H I  CLE: 1978 Chevro le t  K-10 Pickup NO. OF VEHICLES: 2 
(4-Wheel Dr ive) 

VEHICLE NO. :  2 NO.  OF OCCUPANTS: 2 

F i r s t  Impact: 1974 L i n c o l n  

C D C  1 ,  02RFEW3 
De l ta  V: 19 MPH 
La te ra l  De l t a  V: Unknown 

Second Impact: Same L i n c o l n  

C D C  2, 03RBEW1 

Dr i ve r :  19 Years, Female, Unrestrained, Fa ta l  

Concussion, AIS 5, Unknown source. 
Fractured neck, A I S  5, non-contact. 

R iah t -F ron t  Occupant: 81 Years, Male, Unrest ra ined,  OAlS 4 

Lacerated d i g e s t i v e  organ, AIS 4, s i de  i n t e r i o r .  
Hemothorax ( r i g h t ) ,  A I S  3, s ide  i n t e r i o r .  
Fractured r i g h t  r i b ,  AIS 3, s ide  i n t e r i o r .  
Concussion, AIS 2, s i d e  i n t e r i o r .  

Ax is  

X 
X 
X 
X 
X 
X 

I mpac t 
No. 

1 
1 
1 
1 
1 
1 

NOTE: I n t r u s i o n  by seat  components, b u t  no t  by body s h e l l  components. 

Max. I n t r u s i o n  
I n .  ou t  o f  In .  

4 3 1 
4 3 1 
4 3 1 
4 3 1 
4 3 1 
4 3 1 

Occupant 
Space 

L e f t  Front  
Center Front  
R igh t  F ron t  
L e f t  Front  
Center F ron t  
R igh t  F ron t  

No. 

1 
2 
3 
4 
5 
6 

Object 

F ron t  Seatback 
Fron t  Seatback 
Fron t  Seatback 
S e a t c u s h i o n  
Seat Cushion 
Seat Cushion 



C A S E  NO. 680418047 

VEHICLE: 1966 Ford Econol ine Van 
VEHICLE NO.: 2 

NO. OF VEHICLES: 2  
NO. O F  OCCUPANTS: 1 

F i r s t  Impact: 1976 Chevrolet  C-10 Pickup 

C D C  1, 10LZEW3 
De l t a  V: 29 MPH 
L a t e r a l  De l t a  V: 22 MPH 
L e f t  door opened. 

I n t r us i ons :  1  

D r i v e r :  42 Years, Male, No Res t ra i n t s  Ava i lab le ,  OAlS 4, 
Complete e j e c t i o n  through l e f t  door 

Fractured r i g h t  lower leg,  AIS 4, "o ther . "  

Max. I n t r u s i o n  
In .  out  o f  In .  

15 3 3 

No. 

1 

Object  

Side Panel 

Occupant 
Space 

3 rd  Seat - -A l l  

l  mpac t 
No. 

1 

Axis 

y 



C A S E  NO. 680512041 

VEHICLE: 1977 Volkswagen Van 
VEHICLE NO.: 2 

F i r s t  Impact: 1976 Chevrolet Suburban-20 

C D C  1 ,  02RYAW4 
De l t a  V:  22 MPH 
La te ra l  De l ta  V: Unknown 

I n t r us i ons :  1 3  

NO. o f  VEHICLES: 2 
NO. O F  OCCUPANTS: 1 

2f lndicates an i n j u r y  associated w i t h  t h i s  i n t r u s i o n .  

D r i ve r :  35 Years, Female, Unrestrained, OAlS 4 

Ruptured spleen, A I S  4, s t ee r i ng  wheel. 
Lacerated l i v e r ,  AIS 4, s t ee r i ng  wheel. 
Concussion, AIS 4, instrument panel .  
Lacera t ion  o f  t o p  o f  head, AIS 2, window g lass.  

No. 

1 
2* 
3 
4 
5 
6 
7>\ 
8 
9 

10 
1 1  
12 

l mpac t 
No. 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Object  

Toe Pan 
Toe Pan 
Toe Pan 
Dash(Cow1) 
A - P i l l a r  
WindowFrame 
Instrument Panel 
Door Panel 
Roof 
B - P i l l a r  
Front  Seatback 
Door/Side Panel 

Axis 

X 
X 
Y 
X 
X 
Y 
X 
Y 
Z 
Y 
X 
Y 

Occupant 
Space 

L e f t  Front  
R igh t  F ron t  
R igh t  F ron t  
R igh t  F ron t  
R igh t  F ron t  
R igh t  F ron t  
R igh t  F ron t  
R igh t  F ron t  
R igh t  F ron t  
R igh t  Second 
R igh t  Second 
R igh t  Second 

Max. I n t r u s i o n  
In .  o u t  o f  In .  

2 2 1 
18 2 1 
15 30 
14 2 2 
13 30 
9 30 

19 3 1 
16 30 
4 4 6 

16 16 
10 24 
Unk. Unk. 



C A S E  NO. 680610038 

VEHICLE: 1978 Chevrolet  C-10 Pickup NO. OF  VEHICLES: 1 
VEHICLE NO.: 1 NO. O F  OCCUPANTS: 4 

F i r s t  Impact: Movable Object  

C D C  2, 09LPEN1 
Del t a  V: Unknown 
La te ra l  D e l t a  V: Unknown 

Second Impact: Ro l lover  

C D C  1, 00TDH03 

I n t r us i ons :  9 ( A l l  from Rol lover)  

Dr i ve r :  19 Years, Male, Unrestrained, F a t a l ,  P a r t i a l  
e j ec ted  through open l e f t  window 

No. 

1 
2 
3 
4 
5 
6  
7 
8 
9 

Crushed s k u l l ,  AIS 6, ou t s i de  sur face o f  veh i c l e .  
Fractured r i g h t  upper arm, AIS 2, ou t s i de  sur face o f  veh i c l e .  
Abrasion o f  l e f t  chest, AIS 1, ou t s i de  su r face  o f  v e h i c l e .  
Abrasion o f  r i g h t  lower arm, A I S  1 ,  ou t s i de  su r face  o f  veh i c l e .  
Abrasion o f  l e f t  w r i s t ,  AIS 1 ,  ou t s i de  su r face  o f  veh i c l e .  
Abrasion o f  r i g h t  shoulder,  AIS 1 ,  ou t s i de  su r face  o f  veh i c l e .  

Center-Front Occupant: 20 Years, Male, No R e s t r a i n t  Ava i lab le ,  
"0" I n j u r y  on Pol i c e  Scale, Not Ejected, 
In ju red ,  Seve r i t y  Unknown 

Object  

Roof 
A - P i l l a r  
Windshie ld  Header 
Roof 
A - P i l l a r  
Windshie ld  Header 
Roof Side R a i l  
Roof 
Windshie ld  Header 

R igh t -F ron t  Occupant: 19 Years, Male, Unrest ra ined 

No I n j u r y  in fo rmat ion ,  

Occupant 
Space 

L e f t  Front  
L e f t  Front  
L e f t  Front  
Right  Front  
Right  Front  
R igh t  Front  
R igh t  Front  
Center Front  
Center Front  

R iah t -F ron t  Occupant: 19 Years, Female, Unrest ra ined,  
" C "  l  n j u r y  on Pol i c e  Scale 

No o ther  i n j u r y  in fo rmat ion .  

l  mpac t 
No. 

2  
2  
2 
2 
2 
2  
2  
2 
2  

Ax is  

Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 

Max. I n t r u s i o n  
In .  ou t  o f  In .  

1 1  3 7 
Unk. Unk . 
Unk. Unk. 
13 37 
Unk. Unk. 
13 Unk . 
Unk. Unk. 
12 37 
Unk. Unk. 



C A S E  NO. 680819040 

VEH I  CLE : 1976 Datsun P i  ckup 
VEHICLE NO.: 1 

F i r s t  Impact: Movable Object 

C D C  2, 03RPEN1 
De l ta  V: Unknown 
La te ra l  De l t a  V: Unknown 

NO. OF VEHICLES: 1 
NO. OF  OCCUPANTS: 1 

Second Impact: Ro l lover  

CDC 1,  00TDH04 

In t rus ions :  13 (A1 1 from Ro l lover )  

* I nd i ca tes  an i n j u r y  assoc ia ted w i t h  t h i s  i n t r u s i o n .  

Dr i ve r :  29 Years, Male, Unrestrained, Fa ta l ,  
Completely E jected through l e f t - d o o r  area 

Contusion, p o s t e r i o r  b ra i n ,  AIS 5, r o o f .  
Lacerated r i g h t  lung, A I S  5, s t e e r i n g  wheel. 
Contusion, b ra i n ,  AIS 4, r o o f .  
Fractured b i l a t e r a l  r i b ,  AIS 3, s t e e r i n g  wheel. 
Fractured s k u l l ,  AIS 2, r o o f .  
Fractured l e f t  shoulder,  AIS 2, s i de  armrest.  

Impact 
No. 

2  
2  
2  
2 
2 
2  
2  
2 
2  
2  
2  
2 

Occupant 
Space 

L e f t  F ron t  
Right  F ron t  
Center Front  
L e f t  F ron t  
Center Front  
Right  Front  
L e f t  F ron t  
Right  F ron t  
L e f t  F ron t  
R igh t  F ron t  
L e f t  F ron t  
Center Front  

No, 

1 
2  
3 
4 
5 
6  
7 
8  
9 

10 
1 1  
1 2  

Object  

Roof 
Roof 
Roof 
Windshield header 
Windshie ld  Header 
Windshie ld  Header 
Roof S ide R a i l  
Roof Side R a i l  
WindowFrame 
WindowFrame 
B a c k l i g h t  Header 
B a c k l i g h t  Header 

Axis 

z 
z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Y 
Z 
Z 

Max. I n t r u s i o n  
In .  ou t  o f  In .  

18 39 
19 39 
17 3 9 
Unk. Unk. 
Unk. Unk. 
Unk. Unk. 
Unk. Unk. 
Unk. Unk. 
Unk. Unk, 
Unk. Unk . 
Unk. Unk. 
Unk. Unk. 



C A S E  No. 681018071 

VEHICLE: 1976 Chevrolet  Van-10 NO. OF VEHICLES: 1 
VEHICLE NO.: 1 NO. OF OCCUPANTS: 2 

F i r s t  Impact: Embankment 

C D C  1 ,  08LD~w4 
De 1 t a  V:  26 MPH 
L a t e r a l  De l ta  V: 23 MPH 

Catast rophic  I n t r u s i o n  

Extreme l a t e r a l  compression from l e f t  s ide.  
Lef  t - f  r o n t  occupant space reduc t i on  1 ess than 20%. 
"Other" occupant space reduc t i on  was 20-40%--not f r o n t  o r  second seat 
area. 

D r i v e r :  18 Years, Male, Unrest ra ined,  Fa ta l ,  Unknown E j e c t i o n  

Concussion, AIS 5, unknown con tac t .  
F rac tu red  l e f t  arm, A I S  4, unknown contact ,  

R igh t -F ron t  Occupant: 20 Years, Female, 
Unrest ra ined,  OAIS=l, E j e c t i o n  Unknown 

Abrasion, l e f t  forearm, AIS 1 ,  instrument panel. 



C A S E  NO. 690121066 

VEHICLE: 1976 Ford F-100 Pickup NO. OF VEHICLES: 2 
VEHICLE NO,: 2 NO. OF OCCUPANTS: 1 

F i r s t  Impact: 1977 Fu l l -S i zed  Ford 

CDC 1,  OZRDEW3 
De l ta  V: Unknown 
La te ra l  De l ta  V: Unknown 

I n t r us i ons :  5 

&Ind ica tes  occupant con tac t ,  no i n j u r y .  

No. 

1 
2 
39( 
4 
5 

Dr i ve r :  4 1  Years, Male, Lap-Belted (no upper t o r s o  b e l t )  

Contused b ra i n ,  A I S  5, r o o f .  
Fractured s k u l l ,  A I S  4, r o o f .  
Contused forehead, AIS 1 ,  window g lass.  
Abrasion o f  forehead, A I S  1 ,  window g lass .  

NOTE: There was no i n d i c a t i o n  o f  r o l l o v e r ,  no r o l l o v e r  form. 

Object  

Instrument Panel 
Instrument Panel 
Door Panel 
A -P i l l a r  
Instrument Panel 

Occupant 
Space 

L e f t  Front  
R igh t  Front 
R igh t  Front 
R igh t  Front  
Center F ron t  

l  mpac t 
No. 

1 
1 
1 
1 
1 

Ax is  

Z 
Z 
Y 
Z 
Z 

Max. I n t r u s i o n  
In .  ou t  o f  In .  

3 14 
2 14 
5 20 
3 19 
3 14 



C A S E  NO. 690519083 

VEHICLE: 1967 Dodge 0-100 Pickup NO. OF VEHICLES: 2  
VEHICLE NO.:  2 NO. OF OCCUPANTS: 1 

F i r s t  Impact: Truck >10,000 l b .  GVW 

C D C  1 ,  02RDAW4 
De l t a  V: Unknown 
La te ra l  De l t a  V: Unknown 
L e f t - f r o n t  door opened, l a t c h  released. 

Catast rophic  I n t r u s i o n  

Extreme l a t e r a l  compression from r i g h t  s ide .  
Less than 20% reduc t i on  i n  l e f t - f r o n t  occupant space. 
20-40% reduc t  i on o f  cen te r -  and r i gh t - f  r o n t  occupant spaces. 

D r i ve r :  73 Years, Male, Unrestrained, F a t a l ,  Complete 
e j e c t i o n  through l e f t  door area. 

l  n j  u r  i es unknown. 



C A S E  NO. 781029029 

VEH I CLE: 1974 Dodge 0-300 Maxi -Van NO. OF VEHICLES: 1 
VEHICLE NO.: 1 NO.  O F  OCCUPANTS: 1 

F i r s t  Impact: Non-Movable Object T h i r d  Impact: U t i l i t y  Pole 

CDC 2, O l R Y M W 3  C D C  1 ,  12LFEN4 
Del ta  V: Unknown 
La te ra l  De l ta  V: Unknown 
L e f t - f r o n t  door opened. 

In t rus ions :  5 

D r i ve r :  35 Years, Male, No Res t ra i n t  Ava i lab le ,  Fa ta l  

No. 

1 
2 
3 
4 
5 

Ruptured spleen, AIS 4, s tee r i ng  wheel. 
Fractured r i g h t  r i b s ,  AIS 3, s t ee r i ng  wheel. 
Fractured sternum, AIS 2, s t ee r i ng  wheel. 
Abrasions t o  unknown area, AIS 1, unknown con tac t .  

Object  

Door Panel 
Front  Seatback 
Front  Seatback 
Instrument Panel 
Instrument Panel 

Occupant 
Space 

R igh t  Front  
L e f t  Front  
R igh t  Front  
L e f t  Front  
R igh t  Front  

l mpac t 
No. 

1 
3 
3 
3 
3 

Axi s 

Y 
X 
X 
X 
X 

Max. l n t r us i on  
I n .  ou t  o f  I n .  

8 2 2 
9 2 8 
6 2 8 

Unk. Unk. 
4 3 1 



APPENDIX B 

NCSS PHASE I I  INTRUSION FORMS 





NCSS PHASE I I  INTRUSION FORMS 

The f o l l o w i n g  t h ree  forms were used i n  the  second phase o f  t he  NCSS 

program (Apr i I 1 ,  1978 through March 31, 1979) t o  document i n t r u s i o n s  o f  

i n t e r n a l  sur faces,  and l i n k  t he  i n t r u s i o n s  w i t h  assoc ia ted occupant 

i n j u r y .  Cases o f  massive d e s t r u c t i o n  o f  the passenger compartment were 

documented on the  ca tas t r oph i c  crash form w i t hou t  a  l i n k  t o  i n j u r y .  



INTRUSION: CATASTROPHIC CRASH 

Complete t h i s  form ONLY if the intrusion satisfies the definition of 
a CATASTROPHIC CRASH (see User's Manual, Section 2 . 2 ) .  

[11-13] Vehicle No. 0 0 --- 
I. Complete the General Intrusion Diagram so as to depict the 

approximate intrusions (supplemental sketches may be required). 

2. Type(s) o f  catastrophic vehicle damage (code not more than three) : 

1141 - 
[I51 - 
1161 - 

+ 
CODES FOR CATASTROPHIC VEHICLE DAMAGE 

Passenger compartment opened or separated:" 
1 At firewall 
2 At B pillar 
3 A t  roof 
9 Other--Describe at Code 9 BELOW 

Vertical Compression--Extreme: 
4 Roof 

Longitudinal Compression--Extreme: 
5 From front 
6 From rear 

Lateral Compression-Extreme: 
7 From right hand side 
8 From left hand side 

9 Describe briefly: 

*Separation or opening need not be complete, but should be of 
major proportions. 



3. Occupant Space Vol ume Reducti on 

Approximate 
Occupant Space Number* Vol ume Reduction 

1171 11 (front, le f t  [driver]) 

[ l a1  12  (front, center) - 
[191 13 (front, right) 

[201 21 (rear, l e f t )  

[211 22 (rear, center) 

[221 23 (rear, right) - 

r 

CODES FOR VOLUME REDUCTION 

1 No Reduction 
2 < 20% 
3 201 - 40% 
4 40% - 60% 
5 60% - 80% 
6 > 80% 
7 Total (100%) 
8 Not Applicable 
9 Unknown 

C 

[231 34 (third, fourth, or f i f th  - 
seat/cargo area) 

*See User's Manual, Table 6.2-1: Vehicle  Configurat ion a t  Time of 
Crash a s  an a i d  t o  determining appropriate OCCUPANT SPACE NUMBERS 
to code. 

GEIiERAL RULE: 

A.  For a vehicle u i t h  more than tuo seats and with a cargo area 
behind the seat, code spaces 11, 12, 13, 21, 22, 23, and 34 
( t o  denote crea behind the second seat) .  

B. For a vehicle with one seat and a cargo area behind the seat, 
code spaces 11, 12, 13, and 34 ( t o  denote the area behind the 
seat ) ,  cnrd use Code 8 for 21 through 23. 

[a01 I.D. - 3 

* END OF CATASTROPHIC INTRUSION DATA FORM * 

/78 CC-2 
SRI 



NATIONAL CRASH SEVERITY STUEY 
INTRUSION: I?{TERNAL SURFACES OF T H E  PASSENGER COMPARTNENT 

tlP?ATE TEAM YEAR ECllTh DAY SEQtliNCi 

- - - -- ----- 
1 10 

Coinplete t h i s  form ONLY when there  is int rusion of the i n t e rna l  surfaces 
of the  passenger compartaent. Supplemental sketches may be required. 

S c? 63 

0 0 f l l - l ? ]  Vehicle No. 

1 Complete the General Irltrrrsion Diagram so as to depict the 
intrusion(s) of the passenger carripartmen: internal surface(s). 

A. For a 2 occupant space ve,hicle, sketch intrusian on the passenger car 
diagram and cut-awsy sections PI, C, D. 

8. For a 4 occupant sFace vehicle, sketch intrusion on the passenger c l r  
diagram and cut-away s e c t i ~ n s  A, C, D, E. 

C. For a 5 or 6 occupant space vehicle, complete the passenger c a r  
diagram and a l l  cut-away sections. 

D. For a s t a t ion  waqon, c o q l e t e  the s ta t ion wagon diagram and a l l  
cut-away sections. If it i s  a 3 sea t  vehicle, i r k  i n  the 3rd seat. 

E. For a passenger van, complete t!!e van diagram and a l l  cut-away sections. 
If it is a 4 o r  5 sea t  vazz, ink in  the 4th and 5 t h  seat .  

P. For a pickup vehicle, complete the pickup diagram and appropriate 
cut-away sections de,ocnding upan the seat big arrangements. 

1141 2. Total Number of Occupant Spaces in the Vehicles: 
8 - 8  o r  More; 9-Unknown 

[ls-161 3. Total Number of Intrusions -- 
If more than 7 in t rus ions  occurred, code 7 in t rusions  below 
a d  code the  balance of in t rusions  on back of t h i s  page. 

4. Areas o f  intrusion, associated impacts and resulting maximum intrusion. 
Code in t rus ions  i n  t h i s  order: Occupant Space Ill then 
13, 23, 21, 112, 22, sea t s  3,  3, 5 .  See User's Manual, 
Section 6.3 for fu r the r  informafion. 

In t rus icn  Occu~ant Contact*. 
ln t rur ton  k c o ~ a n t  Asro:iatc$ l n t r u r i c n  Gcc~pant  I n t N s i o n  k r v p r n t  

Or Spaca NO. 1rripa:t tie. &ximum Spa;e Extent 3 t  . :~aee  Nunbet Object ... Extcn: 0irner.s; on Con:ac:<- 9 i m : l s i o n t  

'From Impbct N\;nkr oa paqe 1 of VZl!iCLL: Un:L :':::! : ' J ) ,  ccllun 54, etc. 
CDDCSt 1, 2 ,  3 ,  or 4 ,  I -  O~har fapactl 8 - Not Ar.pir:A:r, 9 -  Vnkriom. 

**Noted here for convaicn:c of r,?&rurmt:):. Liso rocuzC as n d e d  in ~olrrsrs G *d H 
of I'CC?MT C O ~ T A ~  F O a  (OC) as a;iproprrace. If no orcu;rmt con- occumd *or b psrr ida t  
lnfruslon, lsavd b l ~ . .  

t A f  h i n t  of occufmt contact. 



I Column B: Codes f o r  I n t n l d c d  Area or  Exter ior  Object 

Indiv idual  
Component 

Intcrrnl -- 
I n s c r w - n t  ? ~ e l  
Dash Psncl--Cowl 
TD+ Pan 
Stcerinq tolwm 
wmdshield Herder 
A P i l l u  
Ror Panel o r  Side Panel 
Window rrae* 
B P i l l a r  
C P i l l a r  
D P i l l a r  
IlDof s i d e  Rail. 
b f  o r  Convert ible  %p 
F l m r  Pan 
i rrckl ight  Header 
R o n t  Seat  Back Surface/ 
Seat Back Back Surface - 

Semd Sea t  Back Surface/ 
Scat &ck Back Surface 

'RLird Seat eadc S u r f a e d  
Seat Ihck Back Surface 

Fourth Sea t  Back Surface 
Sea t  Back Back Surface 

F i f t h  s e a t  a& Surfrcr 
Sea t  Back Back Surface 

v lndrh ie ld  
Back PaneUBack Door Surfam 
Scat Cushion Surface/Edpe 

Wmr r 
Onlurom Znten.r l  Surfaces 

w 
Objects  E x t e r i o r  to a? 
Outside Stirfacm of Qr 
mur 
Vnknonr Exte r io r  -jeer. 

Hot Applicable 

Grouped f o r  Massive 
In t rus ion  i n t o  an 
Occupant Space 

CODZ 

Inatruwmt Pnnel-01 31 
A Pi l l a r -06  
toor Cmel-07 

Inrtrumcnt Panel-01 32 
A Pil lar-06 
W/S Wader-OS 

Door P a n e l 4 7  31  
B P1ll.r-09 
kYof Rail-12 

I n s t r m t  P a n e l 4 1  34 
Cloar Pm-14 
A Pi l l a r -06  
b r  Fram-07 

k o f  Pail-11 35 
A Pi l l a r -06  
B Pi l l a r -09  
Windw Frame-08 

Aoof Rail-12 
A Pil lar-06 
B P i l l u - 0 9  
C Pil lar-10 
%or P m l 4 7  

m f - 1 3  
iroof Rail-12 
Uindw F r m - 0 8  
Mr Panel-07 

Backlight Header-15 38 
-2-13 
C Pil lar-10 
3rd Sea t  W - 1 7  

Rmf-U 39 
aDof Rail-12 
A P i l k r - W  
B P i l l a r 4 9  
C Pi l lar-10 
W i n d m  Frur-08 
DDor Pan.l-07 
llmr Pan-14 

Ins-t Panal-01 40 
Pml-03 

W/S Xeader-05 
A P i l l a r 4 6  
Roof Rail-12 
V j  n d w  Tram-OB 
Door P ~ n c l - 0 7  
koof-13 

Roof-13 
Pwf Pail-12 
C Pi l lar-10 
k'~rrlw F r m - O B  
tlmr Panel-14 
2nd Seat-17 
bsr Pmml-07 

r n f  Rail-12 
Rmf-13 
6 P i l l a r 0 9  
UrnJw Tram?-00 
Flocr Pan-1; 
Drnr Pae l -C7  
2nd Seat-11 
rr?r.t Sedt-:6 

*Vse only i f  $- t l r e e  co-ntr 
cnop3at-tits l rr lr l~dcd  into r 
.inpie occupaiit apace. 



. 
Calm C: Codes f o r  Occupant Space Number 

Occupant Space Number is  a 2 -d ig i t  code. The use  of  t h e  code 
i s  determined by t h e  v e h i c l e  s e a t  c o n f i g u r a t i o n  a t  t h e  time 
of t h e  c rash .  

The f i r s t  d i g i t  ( l e f t  d i g i t )  denotes  t h e  s e a t  row, w i th  code 
va lues  from 1-5. The second d i g i t  ( r i g h t  d i g i t )  denotes  t h e  
p o s i t i o n  on t h e  s e a t  and ( i n  some i n s t a n c e s )  t h e  width of t h e  
seat. 

Second D i g i t  Codes: 

Sea t  Type Code Value 

I n d i v i d u a l  s e a t  (bucket)  l = l e f t ,  3=r igh t  
Bench: F u l l  wid th .3  passenger  I t l e f t ,  2=center ,  3=r igh t  

F u l l  wid th  4 passenger  1 - l e f t ,  2 = l e f t  c e n t e r ,  
6 x r i g h t  c e n t e r ,  3=r igh t  

P a r t i a l  wid th  - l e f t  I l l e f t ,  2=center ,  5=r ight+  
a i s l e  space  

P a r t i a l  wid th  - cen te red  O=lef t  + space ,  Zscenter ,  
5 = r i g h t  + space  

Cargo area 4 z e n t i r e  v e h i c l e  width 

EXAMPLES 

Passenger  Car Van 
5 passengers  12 passenger  c a p a c i t y  

21, 22, 23 21, 22, 25 

31,  32, 35 

If door intrusion occurred, complete DOOR INTRUSION Form (DR) . 
If sea t  intrusf on occurred, complete SEAT INTRUSION Form (ST). 

a If occupant contact resul ted,  compl e t e  the appropriate OCCUPANT 
CONTACT w i t h  INTRUDED SURFACES Form (OC) . 

*END OF INTERNAL SURFACES INTRUSION DATA FORM* 
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NATIONAL CRASH SEVERITY STUDY 
INTRUSION: OCCUPANT CONTACT WITH INTRUDED SURFACES 

UPDATE, TEN4 YWI MONTH DAY SEQUENCE 

[11-13 1 Occupant No. --- 

OC 

Complete t h i s  section ONLY i f  there is evidence that  an 
occupant(s) contacted an intruded internal surface (including 
seats)  of the passenger compartment. An injury need not have 
resulted from the contact. 

Intrusion Extent Occupant 
Intrusion Associated a t  Space 
Number* In jury Numbers*" Poi nt of Contact Dimens i onti- 

(1nches)t (Inches) 
1 2  (GI (H 1 

-- - - -- -- 
-- - - -- -- 
-- - - -- -- 
-- - - -- -- 
-- - - -- -- 
-- - -- -- - 

L 

*From INTERNG SURFACES INTRUSION FORM, item 4 ,  column A. 

**From 
Code 

page 
0 if 

5 or 5a of OCCUPANT DATA PAGE, CASE SUMMARY 
no in jury  was'received from the contact. 

REPORT. 

?From INTERNAL SURFACES INTWSION FORM, item 4 ,  columr! G. 

ti~rorn INTERNAL SURFACES INTRUSION FORM, item 4 ,  column H. 

(80) I .  - 2 

* END OF OCCUPANT CONTACT FORM * 





A P P E N D I X  C 

D I S C U S S I O N  AND SUMMARIES OF CASES 

OF S E R I O U S  I N J U R Y  WITHOUT I N T R U S I O N  





DISCUSSION AND SUMMARIES OF CASES 

OF SERIOUS INJURY WITHOUT INTRUSION 

The twenty- three weighted cases o f  AIS 4+ w i t hou t  i n t r u s i o n  a re  o f  

i n t e r e s t  because they represent  an unexpected resu l t - - se r i ous  i n j u r y  

w i t hou t  severe damage t o  the passenger compartment. These weighted 

cases represent  twenty ac tua l  occupants, e leven o f  whom were k i l l e d  even 

though t he re  was no i n t r u s i o n  o f  the passenger compartment. 

E igh t  o f  the  twenty occupants were i n  veh i c l es  damaged on l y  i n  the 

f r o n t ,  and thus w i t hou t  i n t r u s i o n  i n t o  the passenger compartment. Four 

o f  the  e i g h t  were f a t a l i t i e s ,  w i t h  unknown i n j u r y  d e t a i l s ,  i n c l ud ing  an 

a d u l t  and i n f a n t  e j ec ted  through the same r i g h t - f r o n t  window, and a 60- 

year -o ld  e j ec ted  through the l e f t - f r o n t  door. The remaining four  (non- 

f a t a l ~ )  inc lude  an AIS 5 from burns over the e n t i r e  body, an A I S  4 

f r a c t u r e d  l e f t  arm from con tac t i ng  the s t e e r i n g  assembly, an A I S  4 

f r a c t u r e d  r i g h t  l e g  from con tac t i ng  the instrument panel, and the 

amputat ion o f  t he  l e f t  t h i g h  (AIS 5 )  o f  an 82-year-old d r i v e r  by the  

l e f t - s i d e  i n t e r i o r  sur face.  

Twelve o f  the  twenty occupants were i n  cars  t h a t  d i d  have s i de  

impacts i n v o l v i n g  the  passenger compartment area, even though there was 

no i n t r u s i o n .  Seven o f  these were f a t a l i t i e s ,  o f  which two were 

complete e j e c t i o n s  ( through t he  door) and one was a p a r t i a l  e j e c t i o n  

w i t h  a f r a c t u r e d  neck. The p a r t i a l  e j e c t i o n  was from a car t h a t  s t ruck  

an embankment i n  a s i de  impact, and subsequently r o l l e d  over.  The r o l l  

probably  produced the e j e c t i o n .  One f a t a l  i t y  was from burns,  one from 

con tac t  w i t h  the s t e e r i n g  wheel, and two from unknown i n j u r y  sources. 

The f i v e  n o n - f a t a l i t i e s  among t he  twelve w i t h  passenger compartment 

impacts were i n j u r e d  by a v a r i e t y  o f  contacts .  A 62-year-old r igh t - rear  

occupant s u f f e r e d  a contused hear t  (A1 S 4) from the  f r o n t  seatback. 

Th i s  occurred i n  a sideswipe impact w i t h  a f o r ce  d i r e c t i o n  o f  near l y  12 

o ' c l o c k .  One o f  the non- fa ta l  cases was an e j e c t i o n  o f  the 37-year-old 

d r i v e r  o f  a van through the l e f t - f r o n t  door, who rece ived a b r a i n  

con tus ion  (AIS 5 )  e x t e r i o r  t o  t he  van. 

The remaining t h ree  cases a re  occupants o f  veh i c l es  t h a t  rece ived 

m u l t i p l e  impacts, w i t h  i n j u r i e s  t h a t  are l i k e l y  the r e s u l t  o f  a 



subsequent impact. One was a passenger car t h a t  t s t r u c k  a u t i l i t y  po l e  

w i t h  a C D C  o f  02-RPAN-2, then a b u i l d i n g  w i t h  a C D C  o f  01-FDEW-2 from 

the bui  l d i  ng. The 69-year-old r i g h t - f r o n t  occupant rece ived a b r a i n  

concussion (AIS 4) from s t r i k i n g  the windshie ld .  

Both impacts had a l o n g i t u d i n a l  component and e i t h e r  may have 

resu l t ed  i n  the i n j u r y .  A s i m i l a r  case was a passenger car t h a t  s t r uck  

a u t  i 1 i t y  po le  (1 1-LDES-1) then another passenger car (12-FDEW-2) . The 

52-year-old r i g h t - f r o n t  occupant s t ruck  the rearv iew m i r r o r  and rece ived 

a b r a i n  contusion, A I S  4. F i n a l l y ,  a passenger was s t ruck  i n  the s i de  

by another passenger car (O7LZES-1) then s t ruck  a guardra i  1 (11-FDEW-3). 

Contact w i t h  the s tee r i ng  assembly r e s u l t e d  i n  a lacera ted  1 i ve r  (AIS 4) 

t o  the 29-year-old d r i v e r ,  l i k e l y  as a r e s u l t  o f  t he  impact w i t h  the  

guardrai  1 . 
Ind i v i dua l  case summaries o f  the twenty cases o f  ser ious occupant 

i n j u r y  w i t hou t  i n t r u s i o n  o f  the passenger compartment a re  given below, 

bu t  a few synopt ic  observat ions a re  appropr ia te .  A subs tan t i a l  number 

o f  cases (14) invo lved subsequent impacts o f  the  case v e h i c l e  w i t h  o ther  

ob jects- -o ther  than the o b j e c t  or  v e h i c l e  causing the  s ide  impact. 

Seven o f  the cases--nearly a th i rd- -were e j ec t i on .  One o f  the most 

i n t e r e s t i n g  f ace t s  o f  these cases i s  t he  age o f  the  i n j u r e d  occupants. 

The average age, as w e l l  as the median, i s  45. Seven o f  the twenty, o r  

35% are 60 years or  o lder .  I t  i s  a l so  i n t e r e s t i n g  t h a t  s i x  o f  the seven 

e j ec t i ons  were o f  people under 60 years. Only seven o f  the t h i r t e e n  

under 60 years were se r i ous l y  i n j u r e d  w i t hou t  e j e c t i o n .  I t  a lmost 

appears t h a t  occupants se r i ous l y  i n j u r e d  i n  m i  nor s ide  impacts, 

s p e c i f i c a l l y  those w i t hou t  i n t r u s i o n  i n t o  the passenger compartment, a re  

e i t h e r  o l d  o r  e jected.  

The we igh t ing  f a c t o r  f o r  each case summarized below i s  1 un less 

otherwise ind ica ted .  The De l t a  V ( i n  mph) r e s u l t i n g  from the s i de  

impact i s  g iven  i f  i t  was ava i l ab l e .  No e j e c t i o n  occurred unless i t  i s  

descr ibed. Crush measurements are g iven  i f  the  documented crush 

resu l t ed  from the s i de  impact and was located i n  the passenger 

compartment area. Crush i s  documented by th ree  parameters. These a re  

the w id th  o f  the area o f  deformat ion (L)  ; e i t h e r  2, 4, or  6 equa l l y -  

spaced measurements o f  the depth o f  crush; and t he  o f f s e t  from the  



center o f  crush to the lateral center-1 ine of the vehicle (D) . A1 1 

crush measurements are in inches. 



Case Summaries 

Passenger Car S t ruck  by a L i g h t  Truck  

CDC:  10-LFEW-3 
Second Impact: 09LVEW-1 ( L i g h t  Truck)  
T o t a l  D e l t a  V=12 L a t e r a l  D e l t a  V-11 
78 Y r .  D r i v e r :  F r a c t u r e d  r i g h t  l eg ,  A I S  4, i ns t rumen t  pane l .  
Note: T h i s  case has a we ight  o f  4. 

Passenger Car S t ruck  a smal l  t r e e  

CDC: 12-LDES-1 
Second Impact: 12-FYEW-1 ( l a r g e  t r e e )  
62 Yr. Right-Rear:  Contused h e a r t ,  AIS 4, f r o n t  seatback.  

Passenger Car S t ruck  U t i l i t y  Po le  

C D C :  02-RPAN-2 
Second Impact: 01-FDEW-2 (bui  l d i  ng) 
T o t a l  Del t a  V=6 L a t e r a l  D e l t a  V=5 
69 Yr. R i g h t - F r o n t :  B r a i n  concussion,  AIS 4, w i n d s h i e l d .  

Van S t ruck  by Passenger Car 

CDC: 10-LYEW-2 
Second Impact: 09-LZEW- 1 (passenger c a r )  
T o t a l  D e l t a  V=8 L a t e r a l  D e l t a  V=7 
~ = 6 1  c1s=2,1  D=56 
37 Yr. D r i v e r :  E jec ted  th rough l e f t - f r o n t  door.  

B r a i n  con tus ion  AIS 5, e x t e r i o r  t o  c a r .  

Passenger Car S t ruck  U t i l i t y  Po le  

CDC:  11 -LDES- 1 
Second Impact: 12-FDEW-2 (passenger c a r )  
52-Yr.  R i g h t  F r o n t :  B r a i n  con tus ion ,  m i r r o r ,  A I S  4. 

Passenger Car S t ruck  by Passenger Car 

CDC:  01 -RZEW-2 
T h i r d  Impact: 12-FCEN-2 (passenger ca r )  
56-Yr. D r i v e r :  Lacera ted l i v e r ,  A I S  5, s t e e r i n g  assembly, f a t a l .  

P ickup S t ruck  Movable Object  

CDC: 10-LFEN-1 
Second Impact: 09-LBEW-3 (o ther  o b j e c t )  
60 Yr. D r i v e r :  E jec ted  l e f t - f r o n t  door ,  f a t a l ,  i n j u r y  unknown. 

Passenger Car S t ruck  by Passenger Car 

CDC: 10-LFEW-4 
Second Impact: 09-LZEW-3 (passenger c a r )  
T o t a l  D e l t a  ~ = 1 8  h a t e r a l  D e l t a  ~ = 1 6  
82 Yr. R i g h t - F r o n t :  AIS 4, Amputat ion o f  l e f t  t h i g h ,  s i d e  i n t e r i o r  

s u r f  ace. 



Passenger St ruck  C u l v e r t ,  Tracks ,  Curb, o r  Ground 

CDC:  02-RFEW3 
T h i r d  Impact: 00-BLAE-6 ( t r e e )  
1 Yr. Center -Front :  E jec ted  th rough  open r i g h t - f r o n t  window, 

f a t a l ,  i n j u r y  i n f o r m a t i o n  n o t  ava i  l a b l e .  

Same V e h i c l e  as Case No. 9 

20 Yr. R igh t -F ron t :  E jec ted  th rough  open r i g h t - f r o n t  window, 
f a t a l ,  i n j u r y  i n f o r m a t i o n  n o t  a v a i l a b l e .  

Passenger S t ruck  U t i l i t y  Po le  

C D C :  10-LFEW-4 
T h i r d  Impact: 12-FYEW-1 ( t r e e )  
40 Yr. D r i v e r :  F a t a l ,  unknown i n j u r y .  

Passenger Car S t ruck  by  Passenger Car 

CDC:  01-RYEW-4 
L=110 C1s=4,4,4,6, 12,15 D=80 
40 Y r .  D r i v e r :  F a t a l ,  unknown i n j u r y .  

Passenger Car S t ruck  Movable Ob jec t  

C D C :  04-RDEW- 1 
45 Yr. R igh t -F ron t :  E j e c t e d  th rough  r i g h t - f r o n t  door ,  f a t a l ,  

i n j u r y  i n f o r m a t i o n  n o t  a v a i l a b l e .  

Passenger Car S t ruck  U t i l i t y  Po le  

CDC:  OIRYEW-2 
Second Impact: 12-FREW-3 
39 Yr. D r i v e r :  F a t a l ,  burns  over  e n t i r e  body. 

Passenger Car S t ruck  by Passenger Car 

C D C :  02RZEW2 
Second Impact: 09-LZEW-3 (d i f f e r e n t  passenger ca r )  
T o t a l  D e l t a  V=10 L a t e r a l  D e l t a  V=10 
L=58 Cts=6,4,3,3,5,3 D=- 75 
65 Yr. D r i v e r :  B r a i n  con tus ion ,  f a t a l ,  i n j u r y  i n f o r m a t i o n  n o t  

a v a i l a b l e .  

Passenger Car S t ruck  by Passenger Car 

CDC:  07-LZES-1 
Second Impact: 1 I F D E W - 3  (Guardrai  1 )  
29 Yr. D r i v e r :  Lacerated l i v e r  AIS 4, s t e e r i n g  assembly. 

Passenger Car St ruck  by Passenger Car 

C D C :  10LZEW-3 
T h i r d  impact: 11-FZEN-1 ( u t i l i t y  po le )  
17 Yr. D r i v e r :  E jec ted  th rough l e f t - f r o n t  door,  f a t a l ,  i n j u r y  

i n f o r m a t i o n  n o t  a v a i l a b l e .  



18. Passenger Car St ruck  Embankment 

C D C :  02-RDEW- 1 
Second Impact: 00-LDAO-2 ( r o l l  over)  
29 Yr. D r i v e r :  P a r t i a l l y  e j e c t e d  th rough l e f t - f r o n t  window, 

f r a c t u r e d  neck, r o o f  s i d e  r a i l ,  f a t a l .  

19. Passenger Car St ruck  U t i l i t y  Po le  

C D C :  11-LFEW-2 
T o t a l  D e l t a  V=12 L a t e r a l  D e l t a  V=6 
L=25 c ' s = ~  ,7,8,7,6,4 D=5 3 
37 Yr. R i g h t - F r o n t :  F r a c t u r e  o f  l e f t  arm, AIS 4, s t e e r i n g  

assernb 1 y . 
20. Passenger Car St ruck  Guardrai  1 

C O C :  1 1 -LF E W -  1 
Second Impact : 00-TDHO-2 ( r o l  1 over)  
19 Yr. D r i v e r :  Burns over e n t i r e  body, AIS 5. 
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OF LIGHT TRUCKS  





C A S E  SUMMARIES O F  CATASTROPHIC INTRUSION 

OF LIGHT TRUCKS 

Only ten  occupants o f  s i x  l i g h t  t rucks  were i n  s ide  impacts w i t h  

ca tas t r oph i c  i n t r u s i o n ,  a l l  w i t h  a  weight ing o f  one. The ten  occupants 

inc lude  s i x  f a t a l i t i e s  and four  non- fa ta ls .  Because the number o f  cases 

i s  sma l l ,  a  summary o f  each case can be given. The i n t r u s i o n s  i n  

percent  o f  occupant space g iven  below are the  vo lumetr ic  reduct ions i n  

the space o r i g i n a l l y  a v a i l a b l e  t o  each p a r t i c u l a r  occupant. 

1 .  Pickup Truck St ruck by Another L i gh t  Truck 

C D C :  10LDAW4 
Second Impact: 03-RBEN-1 (u t  i 1 i t y  pole) 
Catast rophic  i n t r u s i o n  was separat ion a t  the  B - p i l l a r  and extreme 
compression from the l e f t .  
D r i ve r :  I n t r u s i o n  i n t o  60-80% o f  d r i v e r ' s  occupant space. Fata l  

l acera ted  a r t e r y  i n  chest from s t e e r i n g  assembly. 
R ight -Front  Occupant: l n t r u s i o n  i n t o  occupant space was less than 

20%. Fa ta l  lacerated hear t  from instrument panel .  

2 .  Pickup Struck Culvert/Ground/Trucks/Curb/then Tree 

CDC: lOLDLWl ( c u l v e r t ,  e tc . )  
Second Impact: OOLYAW6 ( t ree)  
Catast rophic  i n t r u s i o n  was separat ion a t  0 - p i l l a r ,  extreme 
compression o f  r o o f ,  and extreme l a t e r a l  compression from l e f t .  
D r i ve r :  l  n t r u s i o n  i n t o  60-80% o f  d r i v e r  's occupant space. Or i ve r  

trapped, w i t h  f a t a l l y - l a c e r a t e d  l i v e r  from s ide  surfaces. 

3 .  Van Struck Large Tree 

C D C :  00-LYAW-4 
Second Impact : 03-RBAW-2 (smal 1 t ree)  
Catast rophic  i n t r u s i o n  was separat ion a t  r oo f  and B - p i l l a r .  
D r i v e r :  I n t r u s i o n  i n t o  d r i v e r ' s  space was less than 20%, f a t a l  

unknown i n j u r y  . 
Right -Front  Occupant: No i n t r u s i o n  i n t o  occupant space. Fractured 

l e f t  w r i s t  (AIS 3) from s t e e r i n g  assembly. 

4. Van Struck by L i g h t  Truck (<10,000 lb .  GVW) 

C D C :  10-LZAW-4 
Second Impact: C D C :  09LFEW1 (1 i g h t  t ruck)  
Catast rophic  i n t r u s i o n  was separat ion a t  the  B-pi 1 l a r .  
D r i ve r :  l n t r u s i o n  i n t o  d r i v e r ' s  occupant space was less  than 20%. 

Non- fa ta l  i n j u r y  unknown. 
Center-Rear Occupant: No i n t r u s i o n  i n t o  occupant space. Non-fatal  

i n j u r y  unknown. 



5. Van St ruck Embankment 

C D C :  08-~DAw-4 
Catast rophic  i n t r u s i o n  was extreme l a t e r a l  compression from l e f t .  
D r i ve r :  I n t r u s i o n  i n t o  the d r i v e r ' s  occupant space was less  than 

20%. Dr i ve r  rece ived f a t a l  b r a i n  concuss ion f rom unknown 
source. 

Right -Front  Occupant: No i n t r u s i o n  i n t o  occupant space. Abrasion 
o f  l e f t  forearm (AIS 1)  from instrument panel .  

6. Pickup Struck by L i g h t  Truck (Under 10,000 lb .  GVW) 

C D C :  02-RDAW-4 
Catast rophic  i n t r u s i o n  was extreme l a t e r a l  compression from r i g h t .  
D r i ve r :  I n t r u s i o n  i n t o  d r i v e r ' s  occupant space was less than 20%. 

Dr iver  completely e jected,  f a t a l  from unknown i n j u r y .  


