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The NCSS f i l e s  have been searched t o  l i s t  t h o s e  cases w i t h  e i t h e r  a  

9 o ' c l o c k  o r  3 o ' c l o c k  p r i n c i p a l  d i r e c t i o n  o f  f o r c e  ( f r o m  t h e  Pr imary  

CDC) - and a  near s i d e  occupant. The purpose was t o  i d e n t i f y  cases wh ich  

m igh t  be comparable t o  s l e d  t e s t i n g  s i t u a t i o n s  t h a t  have been s t u d i e d  i n  

l a t e r a l  impact  research w i t h  cadavers. N i n e t y  one cases were i d e n t i f i e d  

by t h e  computer s o r t i n g ,  and t h e  ha rd  cop ies  were r e t r i e v e d  f o r  r e a d i n g  

by a  team c o n s i s t i n g  o f  D. H. Huelke, D. H Robbins, and J. W. Melv in.  

T h i s  memorandum c o n t a i n s  exce rp ts  f rom those  cases found t o  be s i m i l a r  

t o  s l e d  t e s t i n g  s i t u a t i l o n s  ( i n  t a b u l a r  f o rm) ,  and a l s o  p resen ts  a  b r i e f  

a n a l y s i s  o f  t h e  d a t a  f i l e  r e l a t i v e  tb  s i d e  impacts. 

Cases w i t h  n o n - t r i v i  a1 i n j u r i e s  have been exce rp ted  and tabu1 a ted  

i n  t h r e e  groups fo1lowi:rlg. I n j u r y  i n f o r m a t i o n  was sometimes, a v a i l a b l e  

i n  coded form, b u t  has been d e r i v e d  f rom rev iew  o f  t h e  ha rd  copy when 

no t  i n  cornFLter form. 

Case Review 

The i n t e n t i o n  o f  t h e  case rev iew  was t o  e v a l u a t e  t h e  i n f o r m a t i o n  

a v a i l a b l e  i n  t h e  NCSS f i l e s  w i t h  respec t  t o  t h e  r e a l i s m  o f  l a b o r a t o r y  

s i e a  r ,est '~ns 'mpact i n j u r y  r e e s I t s .  I n  che l a b o r a t o r y ,  v i r t u a l l y  a l l  

o i  onechantcs research t e s t i n g  has i nvo i  ved a  simp1 e  90' l a t e r a l  impact  

c i j n i ; ; u rac i~ r ,  w i t h  t h e  i n t e r a c t  i ~ n  ve loc f  ty between t h e  s i d e  s t r u c t u r e  

kna E i i ?  c e s x u a j e c l ~  a!; t n e  ma jo r  dynamic v a r i a b i e .  Both  f l a t  r i g i d  

wa: i z e s t s  2nd s  irnpl e  t w o - ~ i m e n s i  onal contoured s i d e  s t r u c t u r e  t e s t s  

nave seen conducted. 8y  t h e  n a t u r e  o f  t h e  t e s t  method i t  i s  no t  

? o s s i s l e  t o  s i m u l a t e  a  tiynamic i n t r u s i o n  o f  t h e  e x t e r i o r  o f  t h e  v e h i c l e  

i n t o  r h e  i n t e r i o r .  I n  t h e  f i e l d ,  t h e  c o n d i t i o n s  a r e  somewhat d i f f e r e n t  

t h a n  I n  t h e  l a b o r a t o r y .  There a re  a  v a r i e t y  o f  impact d i r e c t i o n s  and i n  

many cases t h e r e  i s  i n t . rus ion  o f  t h e  v e h i c l e  s i d e  s t r u c t u r e  i n t o  t h e  

passenger compartment. U n l i k e  t h e  l a b o r a t o r y ,  t h e  a c t u a l  i n t e r a c t  i o n  

v e i o c l t y  o f  t h e  occupant w i t h  t h e  v e h i c l e  s t r u c t u r e  i s  i l l - d e f i n e d  and 

t h e  occupant k inemat i cs  a re  a1 so p o o r l y  de f ined.  

Tne shot-~comings o f  b o t h  d a t a  sources can be m i n i ~ i z e d  t o  some 



degree th rough c a r e f u l  d e f i n i t i o n  o f  t h e  t e s t  c o n d i t i o n s  and t h e  f i e l d  

c o n d i t i o n s  t h a t  m i g h t  be analogous. The l a c k  o f  dynamic i r l t r u s i o n  i n  

s l e d  t e s t s  can be accounted f o r  by c o n s i d e r i n g  s l e d  t e s t  d a t a  o f  a  g i v e n  

i n t e r a c t i o n  v e l o c i t y  t o  be s i m i l a r  t o  f i e l d  d a t a  w i t h  a  somewhat l ower  

v e h i c l e  v e l o c i t y  change ( d e l t a  V ) .  T h i s  may be a b l e  t o  account  f o r  t h e  

e f f e c t  o f  i n t r u s i o n  on t h e  a c t u a l  i n t e r a c t i o n  v e l o c i t y  o f  t h e  v e h i c l e  

occupant. A d d i t i o n a l  l y ,  by c o n s i d e r i n g  o n l y  f i e 1  d  cases which a re  
0 

e s s e n t i a l l y  90 impacts  and which produce a  g e n e r a l l y  b l u n t  impact  t o  

t h e  occupant ( t h a t  i s ,  e x c l u d i n g  sharp i n t e r i o r  s u r f a c e  i n t e r a c t i o n s )  a  

s e t  o f  d a t a  may be ob ta ined  f r o m  t h e  NCSS f i l e s  which has general  

comparabi 1  i ty w i t h  1  a b o r a t o r y  t e s t '  data. There a r e  some a d d i t i o n a l  

d i f f i c u l t i e s  which must be addressed, however. The l a c k  o f  accu ra te  

occu9ant k inemat i cs  i n f o r m a t i o n  and documentat ion o f  i n t e r i o r  s u r f a c e  

c o n d i t i o n s  makes many f i e l d  cases o f  i i m i t e d  v a l u e  t o  t h e  p resen t  

purpose. 

The f a c t  t h a t  a  v e h i c l e  has been s t r u c k  on t h e  s i d e  i n a  

predomi n a n t l y  l a t e r a l  d i r e c t i o n  does no t  guarantee a  predominant ly  

i a t e r a l  occupant response. L a t e r a l  i m ~ a c t s  away f rom t h e  occupant 

compartaent can genera te  l a r g e  r o t a t i o n a l  components o f  mo t ion  which can 

groduce occupant k i n e m a t i c s  and 1 oadi  ngs t h a t  a re  q u i t e  d i f f e r e n t  t h a n  

p u r e l y  i a t e r a l  t r a n s 1  a t i o n a l  mot ion  would produce. The d e l t a  V 

c a l c b l a t e d  by t h e  CRASH2 program may be q u i t e  m i s l e a d i n g  i n  terms o f  

c r a s h  seve r - i t y  as w e l l  as i n  t h e  r e s u l t i n g  occupant mot ions.  The 

p r o d ~ c t i o t i  o f  i n j u r y  t o  t h e  body i s  a  f u n c t i o n  o f  t h e  loads appi i e d  t o  

t h e  m c y  and t n e s e  are,  i n  eurn, dependent no t  o n l y  on t h e  d e i t a  V b u t  

tkie t ;ne increment,  d e l t a  T, d u r i n g  which t h e  d e i t a  V t akes  place. 

L a t e r a ?  i n p a c t s  t h a t  a r e  remote f r o c  t h e  occupant compartment may have 

l a r g e  d e l t a  V b u t  t h e y  do n o t  appear t o  produce i n j u r i e s  which a re  as 

severe as more d i r e c t  compartment impacts. T h i s  may be due .to seve ra l  

f a c t o r s  i n v o l v e d  i n  t h e  a c t u a l  methods o f  c a l c u l a t i o n  o f  d e l t a  V by t h e  

CRASH 2 program (see Appendix I f o r  a  d e t a i l e d  d i s c u s s i o n  o f  t h i s  

aspec t )  as w e l l  as t n e  above f a c t o r s .  

k i t h  a l l  t h e  above c o n s i d e r a t i o n s  i n  mind, a  t o t a l  o f  5 1  cases were 

i d e n r i f i e c  as b e i n g  somewhat comparable t o  l a b o r a t o r y  t e s t s .  The 

i n f o r m a t i o n  f rom t h e s e  cases i s  l i s t e d  i n  Appendix I 1  as Tab le  1. The 



f o r t y  cases t h a t  were r e j e c t e d  a r e  l i s t e d  i n  Append ix  I 1  as T a b l e  2 ,  

a l ong  w i t h  t h e  r eason  f o r  e x c l u s i o n .  (No te :  These cases were s e l e c t e d  

f o r  r e v i e w  f r o m  an e a r l y  NCSS tape ,  subsequent  r e v i s i o n s  t o  t h e  t a p e  

have changed t h e  impac t  d i r e c t i o n  by - +1 i n  abou t  20% o f  t h e  cases 

r ev i ewed  and have d e l e t e d  and m o d i f i e d  some o f  t h e  d e l t a  V v a l u e s  so 

t h a t  a  new sea rch  o f  t h e  t a p e  u s i n g  t h e  3  o ' c l o c k  and 9 o ' c l o c k  f i l t e r  

may no t  t u r n  up some o f  t h e s e  cases. )  

The p a t t e r n  b ~ h i c h  emerges f r o m  t h i s  l i n i t e d  sample shows t h e  most 

seve re  i n j u r i e s  o c c u r r i n g  f o r  t h e  h i g h e s t  l a t e r a l  D e l t a  V ' s ,  t h e  l a r g e s t  

amount o f  i n t r u s i o n  ( w h i c h  i s  n o t  n e c e s s a r i l y  c o r r e l a t e d  w i t h  D e l t a  V),  

and t h e  most  c e n t r a l  impac t s  w i t h  r e s p e c t  t o  t h e  v e h i c l e  c e n t e r  o f  

g r a v i t y  ( d e f i n i t e l y  n o t  c o r r e l a t e d  w i t h  D e l t a  V ) .  I n  cases where t h e  

impac t  i s  n o t  i n  1  i n e  ~ i t h  any occupant ,  i t  does n o t  n e c e s s a r i l y  p roduce  

a  s i m i l a r l y  l a r g e  occupan t  i n t e r a c t i o n  v e l o c i t y  w i t h  t h e  v e h i c l e  s i d e  

s t r u c t u r e .  T h i s  o b s e r v a t i o n  i s  based on  t h e  l a c k  o f  s i g n i f i c a n t  

i n t e r i o r  s u r f a c e  d e f o r m a t i o n s  f o r  some h i g h  D e l t a  V cases, and on t h e  

l a c k  o f  s e r i o u s  i n j u r i e s  i n  t h o s e  cases. I t  appears t h a t  t h e  l a t e r a l  

s l e d  t e s t  s i t u a t i c n  i s  most c l o s e l y  matched by l a t e r a l  i r i lpacts  t o  t h e  

s i d e  o f  t h e  v e h i c l e  c l o s e  t o  where an occupan t  i s  seated.  

Exam ina t i on  o f  T a b l e  2 (Append ix  11)  shows t h a t  A I S  3  l e v e l  

i n j u r i e s  b e g i n  t o  o c c u r  a t  a  d e l t a  V o f  9 mph ( a  35 y e a r  o l d  d r i v e r  w i t h  

t h r e e  b roken  r i b s ,  a  concuss i on  and l a c e r a t i o n s  f r o m  a  p o l e  impac t  wh i ch  

i n t r u d e d  b e h i n d  t h e  d r i v e r s  sea t . )  and c o n t i n u e  t o  o c c u r  up t o  a  d e l t a  V 

o f  35 rnph ( a  16 y e a r  o l d  r i g h t  f r o n t  passenger  w i t h  a  f r a c t u r e d  neck, 

concuss i on  and a d d i t i o n a l  l e f t  s i d e  i n j u r i e s  f r o m  occupan t  c o n t a c t  due 

t o  a  p o l e  impac t  wh i ch  i n t r u d e d  i n  t h e  back s e a t  area.  ) A15 3 l e v e l  

s l e d  i n j u r i e s  b e g i n  t o  o c c u r  a t  abou t  15 mph. 

There  has been a  g r e a t  d e a l  o f  d i s c u s s i o n  w i t h  r e s p e c t  t o  s k e l e t a l  

i n j u r i e s  and age e f f e c t s  i n  cadaver  t e s t s .  T a b l e  1 1  i s t s  a l l  of  t h e  

cases i n  wh ich  s k e l e t a l  i n j u r i e s  have occur red .  R i b  f r a c t u r e s  appear  t o  

o c c u r  w i t h  o l d e r  i n d i v i d u a l s  (33  y e a r s  o r  o l d e r  w i t h  t h e  e x c e p t i o n  o f  a  

23 y e a r  o l d  who met w i t h  d i r e c t  i n t r u s i o n )  w h i l e  younge r  p e o p l e  t e n d  t o  

g e t  e x t r e m i t y  f r a c t u r e s .  P e l v i c  f r a c t u r e s  seem t o  occu r  ac ross  t h e  age 

range  (15 - 80 y e a r s  o l d ) .  



TABLE 1 
SUMMARY OF SKELETAL I N J U R Y  CASES 

CASE NO. 1 SKELETAL I N J U R Y  

2 2 24 1 Forearm fracture  

19 2 0 Bilateral  Hip Dislocation 

5 9 10 Chest,5 R Rib f racture  

4 7  14 Chest, 4 Rib f racture  

2 4 2 5 Pel v i  s f rac ture  

I *O I 10 Pel vi s f rac ture  

1 Tibia, f ibula  f rac ture  

9 Chest, 3 Ribs f rac ture  

I 23 12 1 Chest, Ribs L(6 -9 )  Fracture I 

I 1 clavical f rac tu re  

1 7 0  1 13 I Chest, 2 R R i b  f rac ture  
I 
I 23 i: i arm fracture  
i 
[ 37 i Pel v i  s f rac ture  

6 2 I 11 
I Chest Rib f racture  

i 6 
I i, 

I 22 1 
?el vi s Bi la tera l  f ralcture 

1 11 \ 
1 

Chest, R i b  f rac ture  
I 

23 Neck, fracture 

12 1 Tibia fracture 
I 

7 
I 
I Upper leg f racture  
I 
I 

I 7 Pelvis f rac ture  1 
i 11 

I 

1 I Face, f rac ture  
; I 11 i Face, f rac ture  

j 35 j Neck, fracture ........................................... 



Data F i l e  A n a l y s i s  

The cases s e l e c t e d  f o r  c l i n i c a l  r e v i e w  i n  t h i s  s tudy  were 

r e s t r i c t e d  t o  n e a r s i d e  occupants w i t h  t h r e e  o r  n i n e  o ' c l o c k  impacts. A  

p r i n c i p l e  f i n d i n g  o f  t h e  rev iew  was t h a t  d i  r e c t  occupant  compartment 

impacts y i e l d e d  i n j u r i e s  c o n s i s t e n t  w i t h  1  a b o r a t o r y  r e s u l t s ;  b u t  impacts 

w i t h  t h e  same D e l t a  V which were p r i n c i p a l l y  i n t o  t h e  f r o n t  o r  r e a r  ( o f  

t h e  v e h i c l e  s i d e )  produced obse rvab ly  l o w e r  i n j u r i e s .  

A  somewhat b roader  s e t  of s i d e  c o l l  i s ions  has been s e l e c t e d  f r o m  

t h e  NCSS d a t a  s e t  t o  f u r t h e r  i l l u m i n a t e  t h i s  mat te r .  Tab le  2 i s  based 

on a l l  n e a r s i d e  occupants i n  c o l l i s i o n s  w i t h  a  c l o c k  d i r e c t i o n  o f  02-04 

o r  08-10 - and w i t h  t h e  genera l  area o f  damage be ing  e i t h e r  t h e  r i g h t  o r  

l e f t  s i d e  ( i .e .  a  comb ina t i on  o f  t h e  PDOF and t h e  f i r s t  l e t t e r  o f  t h e  

CDC). A  t o t a l  o f  208 occupants (unweighted) f i t  these  c r i t e r i a  i n  ca rs  

w i t h  a  D e l t a  V o f  11 t o  20 m i l e s  p e r  hou r  and had a  r e p o r t e d  i n j u r y  

s e v e r i t y  (OAIS) between 0  and 6. These a r e  shown i n  t h e  f o l l o w i n g  

t a b l e :  

TABLE 2  
INJURY DISTRIBUTION FOR NEARSIDE OCCUPANTS OF CARS STRUCK 

I N  THE SIDE WITH 11-20 MPH DELTA V's. 

Carnage 1 A i S  1 AIS 1 I I i AIS / i 
~ o c a t  i on 1 , A;S:Z , AIS:3 1 4 - 6  ( 1  T o t a l  

I - - - - - - - - - - - - - - - - - - - + - - - - - + - - - - - + - - - - - - - + +  I - - , - - - - -  
, , 

I 1 1  

i r s n t . 1 1 6  I 1 1 8  1 2  1 ' 38 

Back . 4 1 0 j  3 I o 

D i s t r i b u t e d  . . I 0  I 3 1 
I 

2  

S i d e c e n t e r .  . 3  1 5 1 5 
I 

F r o n t I S i d e  Center  12 1 28 1 12 

Back iS ide  Center  14 1 11 1 5 

4 

10 

18 

12 ----- + ----- + ------- +-------+--+--  ----- 
i 1 

--..---- 

1 ' 
4 

9 

5 

T o t a l  . . . . . , / 49 65 j 29 1 46 1 19 2 08 

10 

2 7 

7 9  

4  7 



Note t h a t  a l l  o f  t h e  AIS 4-6 i n j u r i e s  i n v o l v e  impact  t o  t h e  

passenger compartment, and t h a t  o n l y  2  o f  45 persons i n  ca rs  s t r u c k  i n  

t h e  f r o n t  o r  r e a r  of t h e  s i d e  sus ta ined  i n j u r i e s  as g r e a t  as l e v e l  3. 

By c o n t r a s t  63 o f  163 occupants of v e h i c l e s  w i t h  passenger compartment 

damage sus ta ined  i n j u r i e s  as t h e  AIS-3 o r  g r e a t e r  l e v e l .  A l l  o f  these 

occupants were i n  ca rs  w i t h  r e p o r t e d  D e l t a  V ' s  o f  11 t o  20 m i l e s  pe r  

hour. 

Whi le t h e  number o f  cases i n  t h e  21-30 mph D e l t a  V range i s  

sma l l e r ,  t h e  r e s u l t s  a r e  q u i t e  s i m i l a r .  F o r  back and f r o n t  ( s i d e )  

damage t h e r e  was one person ( o u t  o f  t e n )  i n j u r e d  t o  t h e  AIS-3 l e v e l ,  b u t  

w i t h  passenger compartment damage 17 o f  38 were i n j u r e d  t o  AIS-3 o r  

more. Fo r  crashes w i t h  more t h a n  30 m i l e s  pe r  hour  D e l t a  V t h e r e  were 

12 ( o f  16 )  persons i n j u r e d  when t h e  passenger compartment was. ' involved, 

and none ( o f  1 )  i n j u r e d  when t h e  impact  was i n t o  t h e  f r o n t  s ide.  

Problems Encountered 

1. Reviewing o f  t h e  ha rd  copy o f  t h e  r e p o r t s  was o f t e n  d i f f i c u l t  
because o f  poor i n t e r i o r  and e x t e r i o r  photography. 

2. Occupant con tac t  p o i n t s  were p o o r l y  documented i n  most repo r t s .  

3. Cases f o r  t h e  s thay  were o r i g i n a l l y  drawn f rom a e a r l y  computer f i l e  
which subsequent ly  underwent many m o d i f i c a t i o n s .  Thus, w h i l e  
t h e  cases o r i g i n a l l y  were l i m i t e d  t o  09 and 03 o ' c l o c k  impacts, 
many have now been recoded t o  02, 04, 08 and 10 o ' c l o c k .  

4. i n f o m a t i o n  on r o t a t i o n a l  a o t i o n  o f  t h e  v e h i c l e  ( a t  impact )  would 
nave been he1 p f u l  , b u t  i s  n o t  coded i n t h e  computer f i 1 e. 

Conclusions 

1. L a t e r a l  impacts remote f rom t h e  occupant compartment produce 
s u b s t a n t i a l l y  lower  i n j u r i e s  ( a t  a g i v e n  c a l c u l a t e d  D e l t a  V )  
t h a n  would be expected f rom s l e d  t e s t s .  T h i s  may be t h e  r e s u l t  
o f  v e h i c l e  r o t a t i o n  a t  impact which l eads  t o  occupant con tac ts  
no t  d i r e c t l y  on t h e  s i d e  o f  t h e  s t r u c k  veh ic le .  

2. When t h e  occupant compartment i s  s t r u c k  d i  r e c t l y ,  i n j u r i e s  r e p o r t e d  
i n  NCSS compare f a v o r a b l y  w i t h  t hose  observed i n  s l e d  t e s t s  o f  a 
somewhat h i g h e r  D e l t a  V. 

3. ~ n d e r  s i m i l a r  s e v e r i t y  o f  :a te ra1 impact, young people s u s t a i n  fewer 
s k e l e t a l  i n j u r i e s  than  o l d e r  people. T h i s  i s  p a r t i c u l a r l y  so f o r  
ri b f r a c t u r e s .  



APPENDIX I 

CRASH2 D e l t a  V Compu ta t i on  C o n s i d e r a t i o n s  f o r  S i d e  Impac t s  
K. Campbel l  

As p a r t  o f  t h e  c l i n i c a l  r e v i e w  e f f o r t ,  s i d e  impac t  cases have been 

s t u d i e d  t o  compare r e s u l t s  of  NCSS c r a s h  i n v e s t i g a t i o n s  w i t h  l a b o r a t o r y  

exper iments .  Q u e s t i o n s  have a r i s e n  w i t h  r e g a r d  t o  t h e  c o m p u t a t i o n  o f  

v e l o c i t y  change, D e l t a  V,  u s i n g  t h e  CRASH2 compute r  p rogram and  t h e  

r e l a t i o n s h i p  o f  t h i s  r e s u l t  t o  t h e  1  a b o r a t o r y  measurements. The 

f o l l o w i n g  i s  a  s h o r t  d i s c u s s i o n  of some a s p e c t s  o f  t h e  use  o f  CRASH2 f o r  

s i d e  impac t s  w h i c h  may a i d  t h e  compar ison  w i t h  l a b o r a t o r y  r e s u l t s .  

Fou r  a s p e c t s  o f  t h e  CRASH2 program w i l l  be d i s c u s s e d :  

1) t h e  g e n e r a l  a p p l i c a t i o n  o f  t h e  damage and 
momentum compu ta t i ons  

2 )  non-cen t  r a l  c o l l  i s i o n s  
3 )  e x i s t i n g  d a t a  on v e h i c l e  f o r c e - d e f l e c t i o n  

c h a r a c t e r i s t i c s  
4 )  r o t a t i o n a l  e f f e c t s  

These a r e  d i s c u s s e d  i n  t h e  o r d e r  1 i s t e d  i n  t h e  f o l l o w i n g  .paragraphs.  

The CRASH2 program has  t h e  c a p a b i l i t y  t o  g e n e r a t e  t w o  e s t i m a t e s  o f  

t h e  v e l o c i t y  change d u r i n g  t h e  impac t ,  o r  c o n t a c t ,  phase: a  damage- 

based c o m p u t a t i o n  o f  t n e  v e c t o r  impu ise ,  and a  l i n e a r  ~nomentum 

c o m p u t a t i o n  based on ? o s t - i m p a c t  t r a J e c t o r i e s  a f  t h e  v e h i c l e s .  I n  

g e n e r a l ,  p re - impac t  l a t e r a l  and r o t a t i o n a l  v e l o c i t i e s  a r e  assumed t o  be 

neg l  i si b l e ,  a n g u l a r  momenturf and r o t a t i o n a l  k i n e t i c  energy  a r e  a l s o  

neg lec ted .  W i t h i n  t h e s e  assumpt ions ,  t h e  momentum c o m p u t a t i o n  u s i n g  

t r a j e c t o r i e s  i s  b e s t  s u i t e d  t o  i n t e r s e c t i o n  t y p e  c o l l i s i o n s .  A c c u r a t e  

d e t e r m i n a t i o n  o f  t h e  p o i n t - o f - i m p a c t  and f i n a l  r e s t  p o s i t i o n  o f  each 

v e h i c l e  seems t o  p r o v i d e  a  r easonab le  e s t i m a t e  o f  impac t  speeds and 

D e l t a  V as  l o n g  as  r o t a t i o n a l  e f f e c t s  and secondary  i m p a c t s  a r e  n o t  
0 p resen t .  As t h e  c o l l  i s i o n  becomes c o l l  i n e a r  (<I0 ) ,  t h e  momentum 

c o m p u t a t i o n  becomes v e r y  s e n s i t i v e  t o  t h e  measurement o f  t h e  a n g l e  

between t h e  two  v e l o c i t y  v e c t o r s .  D e l t a  V e s t i m a t e s  f r o m  CRASH2 a r e  

a lways  based on damage i n f o r i n a t i o n  f o r  t h e s e  c o l l  i nea r  c o l l i s i o n s .  I n  

f a c t ,  ~ r a j e c t o r y  measi i renents  a r e  se ldom a v a i l  a b l e  i n  t h e  NCSS program, 

ana t h e  D e i t a  V v d l u e s  t a k e n  f o r  t h e  s i d e  impac t  s t u d y  were a i l  based on 

t h e  damage-only computat  i on. 



The damage-only computa t ion  i s  b e s t  s u i t e d  t o  c e n t r a l  

impacts(impu1 se v e c t o r  a c t i n g  th rough  t h e  c e n t e r  o f  mass). The v e h i c l e s  

a r e  assumed t o  a r r i v e  a t  a  common v e l o c i t y  a t  t h e  end o f  t h e  c r u s h i n g  

phase. F o r  non-cent ra l  impacts,  t h i s  common v e l o c i t y  i s  assumed t o  

occur  a t  t h e  c e n t r o i d  o f  t h e  damaged area. F o r  s i d e  impacts,  t h i s  

assumption would n o t  be met i f  t h e r e  was s l i d i n g  o f  one v e h i c l e  a long 

t h e  o t h e r  d u r i n g  contac t .  T h i s  s l i d i n g  m igh t  be expected t o  occur  i f  

t h e  ang le  between t h e  two v e h i c l e s  was smal l  (as t h e  ang le  approached a  

s ideswipe c o n f i g u r a t i o n ) .  

A  u n i f o r m  f o r c e - d e f l e c t i o n ,  o r  c rush  r e s i s t a n c e ,  i s  used f o r  t h e  

e n t i r e  s i d e  s t r u c t u r e .  I t  migh t  be expected t h a t  t h e  s i d e  s t r u c t u r e  

would be b e t t e r  mode l led  i n  t h r e e  zones; t h e  f r o n t  and r e a r  zones which 

i n c l u d e  t h e  wheels and a x l e s  would be s t i f f e r ,  w h i l e  t h e  c e n t e r  s e c t i o n  

wouid be s o f t e r .  Assuming a  u n i f o r m  s t i f f n e s s  c o u l d  produce a  

sys temat i c  b i a s  e r r o r  i f  impacts t o  t h e  f r o n t  o r  r e a r  s i d e  zones were 

compared w i t h  s i d e  impacts t o  t h e  area between t h e  wheels. 

An a d d i t i o n a l  cons i d e r a t i o n  a r i s e s  when t h e  c o l l  i s i o n  f o r c e s  a r e  

no t  a t  r i g h t  angles t o  t h e  con tac ted  v e h i c l e  sur face.  F i r s t ,  t h e  c rush  

meas~rements  a r e  always taicen p e r p e n d i c u l a r  t o  t h e  undeformed v e h i c l e  

e r e t e r  Consequent'ly, t h e  d i s t a n c e  t h e  f o r c e  ac ted th rough  i s  no t  

d i  r e c t  l y  measured. Second, t h e  e x i s t i n g  da ta  on v e h i c l e  s t r u c t u r a l  

s t i f f n e s s  i s  e n t i r e l y  1 i m i  t e d  t o  de format ions  Sn t h e  normal d i r e c t i o n .  

T h s e  c o n s i d e r a t i o n s  make t h e  damage computat ions l e s s  sound as t h e  

impact ang le  becomes more removed f rom t h e  normal. 

R o t a t i o n a l  e f f e c t s  a re  a l s o  ?resent  when t h e  s i d e  impact  i s  no t  t o  

t h e  passenger compartment. When r o t a t  i o n  o f  t h e  v e h i c l e  occurs, t h e  

v e l o c i t y  change o f  an occupant no t  seated a t  t h e  c e n t e r  o f  mass w i l l  be 

d i f f e r e n t  f rom t h e  computed v e l o c i t y  change o f  t h e  c e n t e r  o f  mass. T h i s  

e f f e c t  does no t  seem t o  De l a r g e  s i n c e  occupants a re  no t  l o c a t e d  more 

t h a n  a  f o o t  o r  two f rom t h e  c e n t e r  o f  mass, and t h e  angu la r  v e l o c i t i e s  

f o r  a  10-20 mph D e l t a  V w i t h  impact i n  t h e  f r o n t  wheel a rea a r e  on t h e  

o r a e r  o f  3 o r  4 rad ians  pe r  second. However, i t  i s  1  i k e l y  t h a t  r o t a t i o n  

o f  t h e  v e h i c l e  w i l l  a l t e r  t h e  occupant c o n t a c t  p o i n t  f o r  an u n r e s t r a i n e d  

?assenger. T h i s  may a p p r e c i a b l y  i n f l u e n c e  t h e  i n j u r y  mechanism. 
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TABLE 1 (Continued) 

CAL SPAN I Del ta  V 1 CDC 
Case No. MPlf(Latera1) Extent 

I n j u r i e s  ............................................ 
Region I AIS 

Dr i ve r  
LR Pass 

6-7-11-07-017 12 

6-7-02-26-099 14 

7-7-05-08-009 2 5 

6-8-02-06-006 5 

3-7-04-20-015 18 

5-7-09-03-022 unknown 

6-7-03-03-010 19 

6- 7-06-23-099 10 

5-7-06-04-007 14 

Dr i ve r  

6-8-01-11-028 

6-8-01-30-084 

D r i v e r  

5 

9 

D r i ve r  

RF Pass. 

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

RF Pass 

RF Pass 

RF Pass 

Dr i ve r  

D r i ve r  

D r i ve r  

Unknown 

4 7 

24 

Leg bruise(be1t)  
Bruise(forehead) 

Chest 
Head 

Head 
Pel v i  s 
Face 

Contused 
L e f t  H ip  

Concussion.Cerebra1 
Contusion/Coma 4 days 
Lacerat ion(face3 

Cervical  Sprain 
Contused r i g h t  a n  

Lacerat i on(forehead) 
Contusion(r ight  r i b s )  

Fractured Pe lv i s ( r i gh t .  s ide) 

Concussion 
Avu l  sion(sca1p) 
Closed F rac tu re ( t i b i a& f  i bu la )  

Bruise(on head) 
Black Eye 
Bruised l e f t  h i p  

3 Brdten R ibs(1ef t )  
Concussion 
Lacerat i o n  

Est. 1 
Est. 1 
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TABLE 2 

CASES NOT iCNSI DERED COMPAWBL t '9 LABORATORY TESTS 

.. . . - . -- . _ . . - _  -. _ ___ .  
LAL SPr\r; lli31T.d '/ , , L I L  

case :.lo. MPti!i..ltei-di 1 L x t t ! n ~  I hcdson  ~ G I .  i x c ~ . . s ~ b r i  
I 
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L o r n e r  irr1!)0ct 

Corner  l a p a c t  

Fa r  s i d e  o c c b ~ d n t  

No i n j u r i e s  

Corner  impact  

Corner  in ipact  

Unknown i n j l ~ r i e s  

Corner  impact  

Pear  c o r n e r  h l t  

Corner  impact  

Corner  impact  

Corner  impact  

Corner  i inpdct 

Corner  impact  

Cornc r  1i:lpact 

Unr nown i n J i i r i  es 

Unknown i n j u r i e s  

Corner  iropac t 

C o r n c r  irnpacts w i t h  rot a t i o n  

Corner  impact  

Corner  in ipact  

No i n j u r i e s  

E j e c t i o n - l e f .  f r o n t  wheel we1 1 

Corner  ioaci: 
------------ - -  - - - - - - -  .-------- 






