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PREFACE 

Over t h e  l a s t  t e n  yea rs ,  dozens o f  c rash  s e v e r i t y  measures have been 

proposed, d iscussed,  and used. The con fus ion  t h a t  can r e s u l t  f rom con- 

fl i c t i n g  c rash  s e v e r i t y  d e f i n i t i o n s  and i n t e r p r e t a t i o n s - - f r o m  b a r r i e r -  

e q u i v a l e n t  speed t o  t r a v e l i n g  speed, and f rom c rash  r e c o r d e r s  t o  f i e l d  

evidence--has been demonstrated by t h e  r e p o r t i n g  and e v a l u a t i o n  o f  t h e  

ACRS f i e l d  exper ience (Appendix A ) .  There i s  an e x t e n s i v e  amount o f  " c rash  

s e v e r i t y "  1 i t e r a t u r e - - b o t h  American and European. T h i s  annota ted b i  b l  i o -  

graphy i s  Phase i o f  a  program t o  rev iew  and i n v e s t i g a t e  b e t t e r  c rash  

s e v e r i t y  measures. Phase I I i n v o l v e s  a  cohes ive  s t a t e - o f - t h e - a r t  rev iew  

of t h e  d i v e r g e n t  requ i rements ,  d e f i n i t i o n s ,  and a p p l i c a t i o n s  documented 

i n  Phase I, and an i n v e s t i g a t i o n  i n t o  t h e  p o t e n t i a l  f o r  t h e  f u r t h e r  

e v o l u t i o n  o f  e x i s t i n g  eng inee r ing  and s t a t i s t i c a l  c rash  s e v e r i t y  measures. 

T h i s  b i b l i o g r a p h y  o f  c rash  s e v e r i t y  1  i t e r a t u r e  c o n t a i n s  245 annota ted 

re fe rences  grouped acco rd ing  t o  f o u r  s u b j e c t  c a t e g o r i e s .  W i t h i n  each 

ca tego ry  t h e  re fe rences  a r e  ar ranged by au tho r  ( o r  o r g a n i z a t i o n  i f  no 

personal  a u t h o r )  and p u b l i c a t i o n  da te .  A  g l o s s a r y  o f  a b b r e v i a t i o n s  and 

t h e  a v a i l a b i l i t y  o f  documents a r e  a l s o  p rov ided .  A  t o t a l  o f  438 documents 

were r e t r i e v e d  f rom t h e  H S R I  I n f o r m a t i  on Center  c o l  1  e c t i o n  and screened 

f o r  re levance.  No a t temp t  has been made t o  p r o v i d e  exhaus t i ve  coverage 

o f  each t o p i c .  Represen ta t i ve  examples o f  l i t e r a t u r e  on p e r i p h e r a l  sub- 

j e c t s  (e.g. ,  human t o l e r a n c e )  have been i n c i u d e d .  The au tho rs  would 

a p p r e c i a t e  r e c e i v i n g  n o t i f i c a t i o n  o f  any s i g n i f i c a n t  omiss ions .  

Annota t ions  o f  t h e  r e l e v a n t  p o r t i o n ( s )  o f  each document were prepared 

i n  o r d e r  t o  p o r t r a y  t h e  c u r r e n t  s t a t e  o f  knowledge. An i n t r o d u c t i o n  t o  

each s e c t i o n  p rov ides  an overv iew o f  t h a t  s e c t i o n ' s  c o n t e n t s .  
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SECTION 1 

CRASH SEVERITY 

This section covers 1 i  terature that deals expl ic i  t l y  with crash 
severity and/or general safety 1 i terature  that covers more than one 
of the other three topics (e .g .  , Research Safety Vehicle contract 
reports) . Only those portions deal i  ng wi t h  crash severity have been 
annotated. Each report f i t s  i n t o  one or more of four categories, 
depending on whether i t :  ( 1 )  notes need for crash severity measure; 
( 2 )  proposes crash severity measures; ( 3) re1 ates crash severity 
t o  frequency and/or severity of injury; or ( 4 )  projects results of 

countermeasure effecti  veness t o  a  national basi s  , and/or i  n t o  the 
future.  Consequently, the reports in this  section will tend t o  

overlap the other three sections. These ci ta t ions have been included 
in Section 1 because of their  significant relationship to crash 
severity. 

The 81 citations in this  section cover a  number of specific crash 
severity measures ranging from vehicl e  damage classification schemes 
( e .g . ,  TAD, C D C )  to derived measures ( e .g . ,  EBS, delta-V) and  direct  

measures ( e .g . ,  four-level crash recorder i n  GM ACRS vehicles). The 
derived measures use either an engineering approach (e.g.  , Campbell) 
or s t a t i s t i ca l  approach (e .g . ,  Watson). There also are a  number of 
reports that discuss the relationship between field and  laboratory 
resul ts ,  and the need for crash severity measures as a basis for 
countermeasure evaluation. 



Aldman, B .  "The Charac ter  and S e v e r i t y  c f  Les ions  i n  Regard t o  
V e l o c i t y  Changes." I n  Proceedings,  T r a f f i c  and Speed Casu- 
a l  t i e s .  Odense U n i v e r s i t y  Press,  Denmark, pp. 58-62. 1975. 

(33062) 

Emphasizes t h a t  research  shou ld  be c a r r i e d  o u t  i n  two a reas :  
b iomechanics and eng ineer ing .  Severa l  p rob lem areas a r e  
noted:  The d i f f e r e n t  responses o f  b i o l o g i c a l  m a t e r i a l  t o  
s t a t i c  and t r a n s i e n t  dynamic l o a d i n g  i s  n o t  c l e a r l y  under-  
stood.  Human body can be used i n  exper imen ta l  work on a  sub- 
i n j u r i o u s  l e v e l  o n l y .  I n  exper iments  1  i k e l y  t o  produce 
i n j u r y ,  human s u b s t i t u t e s  must be used, and r e s u l t s  f rom such 
exper iments a r e  d i f f i c u l t  t o  a p p l y  on human be ings.  Output  
f r o m  an acce lerometer  i s  v e r y  d i f f i c u l t  t o  i n t e r p r e t .  Use of 
terms l i k e  E q u i v a l e n t  Speed i s  v e r y  con fus ing .  

Andon, J., e t  a1 . U.S. Research S a f e t y  V e h i c l e  (RSV). Phase I . 
Program. Volume I I .  Program D e f i n i t i o n  Foundat ion.  F i n a l  
Repor t .  DOT/HS 801 597. 427 p .  June, 1975. ( 32398) 

Conta ins  AMF p r o j e c t i o n s  o f  v e h i c l e  a c c i d e n t s  and usage f o r  
t h e  mid-1980 's .  CPIR/MDAI da ta  a r e  s t r a t i f i e d  by impact  
speed ( 4  1  e v e l s )  , u r b a n / r u r a l  , p r i m a r y  damage area,  and 
v e h i c l e  w e i g h t  ( 2  l e v e l s ) .  

Ashton, S.J., Hardy, J.L.G., and Mackay, G.M. "The Use o f  t h e  
V e h i c l e  Deformat ion  Index and C o l l  i s i o n  S ~ e e d  Assessments. " - . -  

I n  Proceedings , I n t e r n a t i o n a l  A c c i d e n t  ~ n v e s  t i g a t i  on Work- 
shop.  P i l o t  Study on Road S a f e t y .  NHTSA. pp. 85-102. 
1974. (29399) 

L i s t s  v a r i o u s  methods o f  assess ing v e h i c l e  damage such as 
More land 's  Damage Index ,  E q u i v a l e n t  Tes t  Speed (ETS) , and 
Change i n  V e l o c i t y  ( d e l  ta -V)  . ( 1 )  More land 's  DI-The v e h i -  
c l e  i s  d i v i d e d  i n t o  t h r e e  s e c t i o n s :  chass i s ,  s u p e r s t r u c t u r e ,  
and passenger compartment. The mass d e f o r m a t i o n  o f  each sec- 
t i o n  i s  m u l t i p l i e d  by a  w e i g h t i n g  f a c t o r  t o  a l l o w  f o r  t h e  
r e l a t i v e  impor tance and s t i f f n e s s  o f  each s e c t i o n .  The sum 
o f  these t h r e e  f i g u r e s  d i v i d e d  by t h e  we igh t  o f  t h e  v e h i c l e  
i s  t h e  Damage Index.  ( 2 )  m - A c c i d e n t  S e v e r i t y  i s  assessed 
b y  r e l a t i n g  t h e  damage s u s t a i n e d  by t h e  v e h i c l e  t o  t h e  damage 
s u s t a i n e d  i n  exper imen ta l  impact  t e s t s .  The v e h i c l e  damage 
i s  expressed i n  terms o f  t h e  t ype  o f  t e s t  impact  speed 
necessary t o  most c l o s e l y  reproduce t h e  case v e h i c l e  damage. 
( 3 )  ~el'ta-V- he c r i t e r i o n  t h a t  shou ld  be used f o r  d e s c r i b -  
i n g  occupant a c c i d e n t  s e v e r i t y  i s  t h e  change i n  v e l o c i t y  
exper ienced by t h e  v e h i c l e .  Th is  can be c a l c u l a t e d  f rom t h e  
masses and de fo rma t ions  o f  t h e  v e h i c l e  i nvol  ved, u s i n g  t h e  
f o r c e - d e f o r m a t i  on re1  a t i o n s h i  p f o r  each v e h i c l e .  A1 though 
d e l t a - V  r e q u i r e s  more e f f o r t ,  i t  i s  a  more powerfu l  method 
than ETS ( s i n c e  i t  takes i n t o  account  r e l a t i v e  masses and 
s t i f f n e s s  o f  t h e  v e h i c l e s ) .  When t h e  v e h i c l e s  i n v o l v e d  i n  t h e  



accident have similar deformation characteristics,  both the 
models, ETS and delta-V, give similar assessments. Other- 
wise ETS assessment would be in error .  Delta-V i s  concerned 
with change in velocity only. This, although important, i s  
not the sole factor.  Deceleration of the vehicle i s  more 
important for restrained occupants than change i n velocity. 
Hence, effectiveness of del ta-V will become less as usage of 
res t ra in t  system becomes more common. Variations in the VDI 
assessments ar ise  due to problems of interpretation. There- 
fore,  before assessment can become more consistent, a n  agree- 
ment must be reached as t o  conventions about damage interpre- 
tation. 

Brach, R . M .  An Impact Moment Coefficient for Vehicle Coll ision 
Analysis. S A E  770014. 8 p .  March, 1977.  (36556) 
Introduces a new coefficient "The impact moment coefficient. " 
Whi 1 e using impul se-momentum-energy approaches, classical 
coefficient of rest i tut ion is  generally used t o  measure energy 
loss.  B u t  in real collisions,  contact is  over a surface; in 
many col 1 i sions , momentary or permanent interlocking of de- 
formed parts occurs over th i s  surface. Unlike coefficient of 
res t i tu t ion ,  newly introduced "Impact moment coefficient" 
takes this  phenomenon into account. I t  d i ffers  in two respects: 
( 1 )  I t s  range i s  between -1 and + I .  I t  represents the extent 
t o  which a moment has developed across the surface of deforma- 
t ion. ( 2 )  No a priori knowledge of i t s  value i s  required. I f  
other information regarding the impact i s  known, i t  may be 
treated as an unknown. 

Brooks, S.H., Nahum, A.M., a n d  Sieqel , A.W.  "Causes of Injury in - - 

Motor Vehicle Accidents." Surgery, Gynecology and obstetr ics .  
Vol . 131, N O .  2 .  p p .  185-197. August, 1970. (16145) 
Provides plots of injury versus vehicle impact speed by occu- 
pant age, sex, height, and weight, and by vehicle model and  
weight . 

Campbell, B.J., Rouse, W . ,  and Gendre, F. "The Traffic Accident 
Data Project Scale." In Proceedings, The Collision Investi- 
gation Methodology Symposium. C A L .  p p .  675-681. 1970 

( 1  4379) 
Points o u t  the usefulness of the TAD scale.  The TAD (Traffic 
Accident Data Project) scale enables the officer a t  the scene 
t o  produce a usable indication of car deformation. A manual 
has been developed which depicts automobiles struck i n various 
places and with various degrees of resulting deformation. By 
comparing the damaged vehicle with the photographs i n  the 
manual, one can classify the damage on a 7-point scale.  Efforts 



are  also being made t o  evolve a 10-point scale  ( instead of 
7-poi n t ) ;  t o  have sharply defined intervals  with equal pro- 
per t ies ;  and generally t o  val idate  the scale.  

Campbell, E.  O'F. Human Body Injury and Vehicle Crash Damage. 
Traff ic  Injury Research Foundation. Ottawa (Canada). 14 p .  
May, 1971. (28219) 

Analysis of police and medical reports  on 542 occupants coded 
by the 7-point TAD fo r  vehicle damage and by the author ' s  own 
9-point injury scale for  t i s sue  damage. There was an increased 
number of in jur ies  per occupant and greater t i ssue  involvement 
with increased vehicle damage. Tables of injury severi ty 
versus vehicle damage are  provided fo r  a l l  cases,  for  f a t a l s ,  
fo r  cranial in ju r ies ,  fo r  rol lover i n ju r i e s ,  and  for  combina- 
t i  ons of these factors .  

Campbell, K. L. Energy as a Basis for  Accident Severity - A Pre- 
1 iminary Study. Wisconsin University, Madison. UMF Order 
Number: 72-23, 303. 197 p .  1972. (28307) 

Argues t h a t  a co l l i s ion  severi ty measure should be based on, or 
related t o ,  the  physical laws that  describe the dynamics of the 
co l l i s ion .  Such a relat ionship will provide the basis for  appro- 
pr ia te  use of the variable in subsequent analyses. The par t i -  
cular  measure described i s  based on the energy absorbed by the 
vehicle in p las t i c  deformation. A simplified force-deflection 
model of the vehicle f ront-s t ructure  i s  used t o  estimate th i s  
quanti ty.  A regression analysis using a small group of MDAI 
cases i s  presented to  i l l u s t r a t e  usage of the developed measure 
of coll  is ion severi ty.  

Campbell, K . L .  "Energy Basis for  Collision Sever i ty ."  In Proceed- 
i ngs, Third International Conference on Occupant Protection. 
Society of Automotive Engineers. p p .  1-13. 1974. (30029) 

Presents data re la t ing front  crush t o  ba r r i e r  impact speed for 
1971-1974 GM ca r s .  These data ,  in conjunction with a simpli- 
f ied force-deflection model of the vehicle front-s  t ructure ,  are 
used t o  estimate the energy absorbed by the vehicle. The use 
of energy as a measure of co l l i s ion  sever i ty  i s  described. 

Carlson, W . L .  "Crash Injury Loss: The Effect of Speed, Weight, and 
Crash Configuration." Accident Analysis and Prevention. Vol. 
9 ,  No. 1 .  pp.  55-68. March, 1977. (53355) 



Develops c r a s h  i n j u r y  p r e d i c t i o n  models f o r  m a j o r  c rash  con- 
f i g u r a t i o n s  u s i n g  d a t a  f r o m  i n - d e p t h  i n v e s t i g a t i o n s .  Analy-  
s i s  o f  these models demonstrates t h e  p o s i t i v e  c o n t r i b u t i o n  o f  
h i g h e r  impact  v e l o c i t y  t o  c rash  i n j u r y ,  e s p e c i a l l y  f o r  head- 
on and s i d e  impacts .  Squared v e l o c i t i e s  a r e  added f o r  head- 
on impacts,  and average v e l o c i t y  e f f e c t  i s  used f o r  s i d e  i m -  
p a c t s  and v e l o c i t y  d i f f e r e n c e s  a r e  used f o r  r e a r  impacts .  
Other  p r e d i c t o r  v a r i a b l e s  i n c l u d e d  c a r  s i z e ,  c r a s h  c o n f i q u r a -  
t i o n ,  occupant age, s e a t i n g  p o s i t i o n ,  and r e s t r a i n t  usage. 

C a r t e r ,  R.L. Pass i ve  P r o t e c t i o n  a t  50 M i l e s  Per  Hour.  DOT/HS 
810 197. 50 p.  May, 1972. ( 19587) 

Examines t h e  f e a s i b i l i t y  o f  i n f l a t a b l e  r e s t r a i n t  systems t o  
ach ieve pass i ve  p r o t e c t i o n  f o r  occupants i n  f r o n t a l  c o l l  i s  i o n s  
of  50 mph e q u i v a l e n t  b a r r i e r  speed. Costs and b e n e f i t s  a r e  
examined, and NHTSA conc l  udes t h a t  c o s t - e f f e c t i v e  occupant p r o -  
t e c t i o n  a t  50 mph can b e  ach ieved.  O f  p a r t i c u l a r  i n t e r e s t  a r e  
t h e  c u m u l a t i v e  d i s t r i b u t i o n s  o f  e q u i v a l e n t  t e s t  speed wh ich  
a r e  presented f o r  i n j u r e d  and f a t a l  occupants.  These curves 
were developed f r o m  Cooke's a n a l y s i s .  These d i s t r i b u t i o n s  
were r e f e r r e d  t o  as " c u m u l a t i v e  r i s k "  and " p r o b a b i l i t y  o f  dea th  
( i n j u r y ) . "  T h i s  c h o i c e  o f  terms i s  m i s l e a d i n g ,  s i n c e  t h e  
" e q u i v a l e n t  t e s t  speed" was equal  t o  o r  l e s s  t h a n  a  p a r t i c u l a r  
va lue,  q i v e n  t h a t  a  f a t a l i t y  occu r red .  

C e s a r i  , D. and Ramet , M. "Comparison Between In-The-F i  e l d  Acc iden ts  , 
and Reconst ruc ted Acc iden ts  w i t h  Dummies and w i  t h  Cadavers. " - .  

I n  Proceedings,  N ine teen th  Stapp Car Crash Conference. S o c i e t y  
o f  Automot ive  Eng ineers .  pp. 167-194. 1975. ( 33279) 

R e c o n s t r u c t i o n  o f  two i n - t h e - f i e l d  a c c i d e n t s  permi t t e d  asso- 
c i a t i o n  o f  f o r c e s  and a c c e l e r a t i o n s  w i  t h  i n j u r i e s .  V e h i c l e  
damage and occupant i n j u r i e s  were compared. Head and ches t  
r e s u l t s  d i f f e r e d ,  w h i l e  l ower -ex t remi  t y  responses were s i m i l a r .  

Cooke, C.H. Safe ty  B e n e f i t s  o f  t h e  Occupant Crash P r o t e c t i o n  
Standard .  NHTSA. 96 p.  January,  1971 . ( 1  5834) 

Presents  an a n a l y s i s  t o  t r a n s f o r m  d i s t r i b u t i o n s  o f  t r a v e l  i ng 
speed t o  d i s t r i b u t i o n s  o f  e q u i v a l e n t  t e s t  speed. The purpose 
o f  t h i s  t r a n s f o r m a t i o n  was t o  e s t i m a t e  t h e  b e n e f i t  t o  be ob- 
t a i n e d  from any p a r t i c u l a r  s e t  o f  t e s t  speed requ i remen ts .  
I n  t h e  methodology used, e i g h t  c o l l  i s i o n  modes (head-on, f i x e d  
o b j e c t ,  e t c . )  a r e  ana lyzed  i n  102 separa te  s teps .  The ob jec -  
t i v e  was t o  determine a  t e s t  speed i n  wh ich  t h e  same amount o f  
energy wou ld  be absorbed by t h e  v e h i c l e  i n  t h e  t e s t  and i n  t h e  



real  accident. In making t h i s  est imation,  consideration was 
given to  the possible range of weights and s t i f f ne s se s  of the 
impacted objects .  The Cornel 1 data used by Cooke a re  described 
by Wolf in a 1969 report .  

Cromack, J.R. Mu1 t i d i s c ip l  inary Accident Investigation,  Volume 5, 
Supplementary Report. DOT/HS 801 283. 29 p .  November, 1974. 

(30925) 
Defines and compares TAD vehicle damage sca le  and CDC/VDI using 
3415 vehicles rated jo in t ly  by Texas police and Southwest 
Research In s t i t u t e .  TAD and CDC damage extent  i s  compared with 
inches of crush fo r  f ronta l  impacts. 

Danforth, J .P . ,  L i  n ,  Kuang-Huei . Limitations of the Barrier  Equi- 
valent Speed Concept f o r  Estimation of Crash Severity. General 
Motors Research Laboratories . Report Number: GMR-1953. 
26 p .  November, 1975. (33981) 
Examines the question of whether crashes of equal ba r r i e r  equi- 
valent speed, as determined from residual vehicle f ron t  crush, 
represent crashes of equal sever i ty  f o r  the  occupant. The 
analysis u t i l i z e s  computer simulations of the vehicle impact and 
occupant dynamics. Comparisons a r e  made using crash sever i ty  
indices such as the Head Injury Cri ter ion.  The authors conclude 
t ha t  other parameters of the co l l i s i on ,  such as time duration,  
a lso  influence the crash sever i ty .  In the closing sentence of 
the "Conclusions" the authors s t a t e :  

"This requirement f o r  extensive information to  
describe the pre-impact parameters serves t o  i I lus-  
t r a t e  the complexity of the crash analysis  problem 
and precludes, a t  th i s  time, use of the models in 
routine s tudies  of vehicle crashes ." 

The paper lacks any examination of the l imi ta t ions  of the com- 
puter simulations and indices of crash sever i ty  u t i  1 ized. 

Danner, M .  " I n t e r i o r  Safety of Automobiles." Fourth International  
Conference on Experimental Safety Vehi cl es . Kyoto, Japan. 
7 p .  March, 1973. (2931 3 )  
Describes an a l t e rna t ive  t o  the use of vehicle damage as a 
s t a r t i ng  point. Here the s t a r t i ng  point i s  an estimate of the 
r e l a t i ve  coll  i  sion speed ( re1 a t i  ve velocity prior  to  impact) . 
The technique presented i s  one in which t e s t  data a r e  used to  
r e l a t e  the r e l a t i ve  co l l i s ion  speed to  the energy absorbed, 
and, in turn, t o  a t e s t  speed in which the same energy would be 



absorbed. Cases s t u d i e d  by t h e  German A s s o c i a t i o n  o f  Motor  
T r a f f i c  I n s u r e r s  were 1 i m i  t e d  t o  cases where i nsu rance  1  i a b i l -  
i ty  was i n v o l v e d .  A1 1  o f  t hese  were t w o - v e h i c l e  a c c i d e n t s .  
The case v e h i c l e  was taken  t o  be t h e  v e h i c l e  judged t o  be n o t  
a t  f a u l t .  U n i n j u r e d  occupants a r e  i n c l u d e d .  A  t o t a l  of 
29,000 a c c i d e n t s  have been s t u d i e d .  Danner p resen ts  d i s t r i b u -  
t i o n s  o f  " E q u i v a l e n t  T e s t  Speed" o f  v a r i o u s  i n j u r y  l e v e l s  f o r  
2,400 head-on c o l  1  i s i o n s  . A1 so shown a r e  f requency p1 o t s  
wh ich  show t h e  number o f  occupants r e c e i v i n g  v a r i o u s  l e v e l s  of 
i n j u r i e s  as a  f u n c t i o n  o f  ETS. 

Danner, M. and Langweider, K. Ca r /Veh ic le  S ide  Impacts - A  Study o f  
Acc iden t  C h a r a c t e r i s t i c s  and Occupant I n j u r i e s .  HUK-Verband, 
Munich. 40 p. October,  1976. ( 36388) 

Presents  a n a l y s i s  o f  i n j u r y  s e v e r i t y  i n  s i d e  impacts i n  terms 
o f  c o l l  i s  i o n  parameters,  mass r a t i o ,  impact  area,  d i r e c t i o n  o f  
impact ,  r e s u l t a n t  damage, and i n t r u s i o n .  I t  i s  no ted t h a t  t h e  
degree and d i r e c t i o n  o f  t h e  impact  impu lse  changes d u r i n g  t h e  
c rash  phase. Hence d e s c r i p t i o n  o f  r e l a t i v e  speed v e c t o r  p r i o r  
t o  impact  i s  n o t  s u f f i c i e n t .  The prob lem o f  speed s p e c i f i c a -  
t i o n  i n  s i d e  c o l l i s i o n s  has n o t  y e t  been s a t i s f a c t o r i l y  so lved.  
Damage i s  n o t  e q u i v a l e n t  t o  c rash  t e s t s ,  so E q u i v a l e n t  T e s t  
Speed (ETS) cannot  be determined and d e l  ta-V i s  f r e q u e n t l y  com- 
pu ted  from ETS. Consequent ly ,  a  c r o s s - t a b u l a t i o n  o f  s t r i k i n g  
and s t r u c k  speeds i s  used, which r e s u l t s  i n  100 c e l l s  (10  x  10 ) .  
V e h i c l e  damage i s  coded w i t h  t h e  HUK O v e r a l l  Damage Index i n t o  
f i v e  c a t e g o r i e s  ( 1  i ke  CDC/VDI , see HUK-75) . 

DeLorean, John Z. ,  C o r p o r a t i o n .  Automot ive  Occupant P r o t e c t i v e  

Eva1 uates  t h e  t o t a l  b e n e f i t s  and expend i tu res  a s s o c i a t e d  w i t h  
v a r i o u s  r e s t r a i n t  systems t h a t  m i g h t  be i n s t a l l e d  d u r i n g  t h e  
n e x t  e l e v e n  y e a r s  (1975-1985). Four r e s t r a i n t  sys terns con- 
s i d e r e d  were: 1  ap be1 t, p r e s e n t  t h r e e - p o i n t  l a p - t o r s o  system, 
and t h e  a i r  cush ion  r e s t r a i n t  system (ACRS) w i t h  and w i t h o u t  
t h e  use o f  l a p  b e l t s .  The b e n e f i t s  and expend i tu res  f o r  each 
system were eva lua ted  u s i n g  an a c c i d e n t  p r o j e c t i o n  model. 
E f f e c t i v e n e s s  f o r  i n j u r y  r e d u c t i o n  and f o r  s e v e r i t y  r e d u c t i o n  
was es t ima ted  f o r  each crash mode as a  f u n c t i o n  o f  c rash  i n -  
t e n s i t y .  I t  was seen t h a t  f o r  a l l  modes ( e . g . ,  f r o n t ,  s i d e ,  
r o l l o v e r ,  e t c . )  t h e  a i r - c u s h i o n  lap-be1 t system was most 
e f f e c t i v e  o f  a l l  f o u r  systems. A t a b l e  g i ves  t h e  p r e d i c t e d  
c o s t s  and savings o f  f i v e  a1 t e r n a t i  ve r e s t r a i n t  imp lemen ta t i on  
assumpt ions.  The p r i m a r y  a n a l y s i s  sub-di  v i s i o n s  were v e h i c l e  
we igh t  c l a s s ,  a c c i d e n t  mode, occup ied s e a t  p o s i t i o n ,  and 
b a r r i e r  e q u i v a l e n t  v e l o c i t y  (BEV) . I n j u r y  and f a t a l  i t y  d i s -  
t r i b u t i o n s  as a  f u n c t i o n  o f  v e l o c i t y  (BEV) were i d e n t i f i e d  f o r  



each accident mode. B E V  was calculated from the CPIR/MDAI data 
f i l e  variables: t raveling speed, impact angle, vehicle mass, 
and principal damage area.  B E V  was defined as the "impact velo- 
c i t y  of a vehicle in the center of mass reference range." 

The 1800 ins ta l  led crash recorders provide a 3-axis acceleration 
time history which would probably be adequate t o  determine crash 
severi ty had a severi ty index been exp l ic i t ly  defined. Funda- 
mental to  the s t a t i s t i c s  of accidents a re  the cumulative pro- 
babi 1 i t y  d is t r ibut ion functions of sever i ty  fo r  a1 1 accidents, 
injury accidents,  and fa ta l  accidents, I t  i s  recommended t ha t  
the NHTSA Fatal Accident Reporting System (FARS) include vehicle 
crush measurements tha t  could be converted to Equivalent Barrier 
Impact Speed ( EBS) using K . L .  Campbell ' s  method in order to  con- 
s t r uc t  a cumulative d i s t r ibu t ion  function of EBS fo r  f a t a l i t y  
accidents. A measure of i n t r i n s i c  crash severi ty rather than 
outcome sever i ty  i s  needed so data can be s t r a t i f i e d  by i n t r i n -  
s i c  sever i ty  levels  tha t  would permit inferences to  be drawn 
about countermeasures as a function of severi ty . Without the 
severi ty measure, the 1 eve1 s of exposure of uninjured occupants 
cannot be determined and the basis f o r  finding and comparing 
injury incidence i s  1 acki ng. What const i tu tes  a proper i n t r i n -  
s i c  vehicle crash sever i ty  index (VCSI) both as regards occu- 
pant injury and vehicle damage? The speed of unrestrained 
occupant impact i s  correlated with injury severi ty and i s  deter-  , 

mined by average car acceleration in the direction from the 
object t o  the occupant and the distance between the two. The 
Head Injury Criterion (HIC) can then be computed from del ta-V 
and d e l t a - t .  The forces experienced by the t igh t ly  restrained 
occupant are  proportional t o  the passenger compartment accelera- 
t ion and his  own weight. Since "jerk" i n f l i c t s  only minor 
punishment, the restrained occupant's injury i s  related t o  the 
average level of acceleration he i s  subjected t o  in the impact. 
Average deceleration i s  proportional t o  EBS and vehicle s t i f f -  
ness. K . L .  Campbell has related crush distance and EBS by 
modeling the energy absorbed in p las t i c  deformation of the 
vehicle. Vol vo obtained crush charac te r i s t i c s  from 11 f u l l  - 
scale impact t e s t s  . Average accelerations could be obtained 
from crash recorder h i s t o r i e s ,  vehicle damage (use vehicle as 
i t s  crash recorder) ,  and computer reconstructions ( e . g . ,  SMAC) . 
Use of vehicle damage i s  flawed i f  vehicle exter iors  become 
sof te r  or more r e s i l i e n t .  Other current field-determined crash 
severi ty measures ( e . g . ,  C D C )  are not adequate. 



Edwards, J .  J .  "Research Safety Vehicle Crash Effectiveness Method- 
01 ogy . " Fi f th  International Technical Conference on Experimental 
Safety Vehicles. GPO. p p .  937-945. 1975. (32385) 
A modeling approach t ha t  focuses on  the conversion of dynamic 
response in to  probabi 1 i t y  of survival ( " le tha l  dosage") . HSRI 
survival curves for  head and chest deceleration levels  were 
used. Probability of survival can a lso  be related t o  barr ier  
equivalent speed fo r  a par t icular  system. Effectiveness must 
a lso  take in to  account the probabil i ty of being exposed to  a 
crash o f  any given speed. Overall effectiveness i s  determined 
by multiplying r e l a t i ve  effectiveness with sever i ty  exposure 
and integrating across the whole severi ty (speed spectrum). 

599. 109 p. June, 1975. 
Determines vehicle and occupant dynamics by exercising mathema- 
t i c a l  models for  a s e t  of representat ive col l i s ion types over 
the complete spectrum of accident sever i ty .  The resul t ing occu- 
pant dynamics are  transformed in to  injury levels  through a bio- 
mechanical model, and numbers of f a t a l i t i e s  and in ju r ies  are 
calculated by forming a probabi 1 i ty-weighted average of those 
injury levels ,  weighted over coll  i sion type and sever i ty .  Coll i - 
sion types a re  c lass i f ied  by mode and struck object .  Accident 
severi ty i s  defined by r e l a t i ve  speed and the weight and " s t i f f -  
ness" of the object impacted. Accident severi ty i s  determined 
fo r  four co l l i s ion  types and fo r  "di rect"  (high injury poten- 
t i a l )  and " ind i rec t /o f f se tH ( supe r f i c i a l ,  low injurylimpacts) . 
Barrier equivalent speed or "equal energy" was not used because 
of s ignif icant ly  d i f fe ren t  vehicle and occupant dynamics r e su l t -  
ing from "equal energy" impacts. BES i s  a lso  not independent 
of vehicle s t ruc tu re ,  hence i s  not a t rue  crash severi ty expo- 
sure measure. Consequently, r e la t ive  speed i s  used as the 
sever i ty  measure. Cumulative closing speeds a re  developed from 
CPIR/MDAI data for  f ront- to-f ront  , front-to-si  de, e t c .  Normal 
probabi 1 i t y  d is t r ibut ions  were f i t  between the 20 percent and 
80 percent cumulative d i s t r ibu t ion  points. Closing speed, CPIR 
impact speed, and delta-V dis t r ibut ions  are s imi lar ,  i f  n o t  
ident ica l .  Barri er  speeds a r e  identical  t o  de1 ta-V i f  the 
" s t i f f ne s s  to  weight r a t i o "  i s  equal fo r  both vehicles.  As a 
check, the barr ier  impact speed as estimated from 75  CDCIVDI 
codes assigned t o  crash t e s t  data.  The barr ier  speeds were 
converted to  closing speed and resulted i n  a s imilar  cumulative 
dis t r ibut ion.  



Ford Motor Company. Occupant Crash Protection. Supplemental sub- 
mission of Ford Motor Company on OST Docket No. 44; Notice 
76-8, presented to the Department of Transportation. MVSS208. 
171 p .  September 17, 1976. (35698) 

Tabulates societal costs and benefits as a function of ACRS 
sensor threshold speed (mph)  . Campbell ' s equations were used 
t o  compute Barrier Equivalent Speed (BES) for RSES (SWRI, Cal- 
span, HSRI) frontal damage cases. A cumulative annual injury 
distribution by BES and  AIS was calculated using the minicars 
estimate of 1,128,200 annual passenger car frontal injur ies  as 
a base. Due t o  an insufficient number of RSES f a t a l i t i e s ,  
Carter's f a t a l i t y  distribution was used for AIS-6 ( f a t a l )  
injur ies .  

General Electric Company. Development of Vehicle Rating Systems for 
the Automobil e Consumer Information Study. Final Report. 
Information Systems Programs, Arlington, Va.  22 p .  
March, 1976. ( 33958) 

Develops a Vehicle Rating System for comparative rating of makes 
and models of automobiles according t o  three c r i t e r i a :  Damage- 
Susceptibil i ty,  Crashworthiness, and Maintainability. I n  order 
t o  compare the various makes and models, indices of damage, 
injury, and maintenance are employed. These measures are numeri- 
cal quantities determined for each makelmodel and are used to 
rank each make/model within a group of make/models, typically a 
market class.  

General Motors Corporation. Comments of General Motors Corporation 
with Res~ect  t o  Advance Notice of Pro~osed Rule Makina; Hiaher 
Speed Protection Requirements. Docket No. 74-1 5;  Notice 1 . 
MVSS208. 19 September 1974. (35922) 

General Motors takes issue with the NHTSA analysis in the areas 
of res t ra in t  system costs,  number a n d  costs of injur ies ,  pro- 
jected restraint  effectiveness, and  the incremental benefitlcost 
computed. Of particular interest  i s  Appendix C ,  i  n which GM 
points o u t  that the NHTSA cumulative curve of EBS for fatal  
accidents i s  n o t  the probability of a fatal  accident as a func- 
tion of EBS, b u t  rather the probability that the EBS was of a 
particular value, given that  a f a t a l i t y  occurred. GM goes on 
t o  say that the NHTSA curve may be t h o u g h t  of as the product of 
two curves, one showing the probability of an accident 's  occurr- 
ing a t  a given severity level,  and the other showing the pro- 
bability o f  death, given the severity of the collision. I t  i s  
that  l a t t e r  curve which i s  relevant t o  vehicle design considera- 
t ions.  GM a1 so presents i t s  own estimates of restraint  system 
benefits and costs. 



Griffi ths.  D.K. .  e t  a l .  "Car Occupant Fatal i t ies  and the Effects of 
~ u t u i e  safety Legislation." 'In Proceedings, Twentieth Stapp 
Car Crash Conference. S A E .  p p .  335-388. 1976.  (35834) 
Describes the analysis of 342 f a t a l i t i e s .  Injuries are des- 
cribed by AIS and ISS. Crash vehicle mass ratios are displayed 
by impact type. Equivalent Test Speed (ETS) was determined by 
matching damage t o  whole vehicle crash t e s t  resul ts .  Del ta-V 
was computed from ETS's and vehicle masses. Of the ETS values, 
76.8 percent were within + 10 percent of the del ta-V estimates. 
A distribution of 97 ETS values is  plotted for f a t a l i t i e s ,  
Mean deceleration was computed from ETS Is; vehicle masses, and 
vehicle maximum crush using Ventre's method. ISS values for 
the f a t a l i t i e s  and the survivors in these vehicles were plotted 
by mortality. Intrusion i s  a common factor in f a t a l i t i e s .  I n -  
trusion was judged according to  the percentage reduction of 
"r ide down" distance in the header, dash, footwell, and seat 
areas. Ejection and door openings were a1 so considered. 

Grime, G .  and Jones, I.S. "Car Collisions - The Movements of Cars 
and Their Occupants i n Accidents." I n  Proceedings , Insti tution 
of Mechanical Engineers . Vol . 184, Part 2A. 50 p .  1970. 

(50230) 
I1 lustrates  a theoretical study of coll ision dynamics with 
examples from road accidents. Head-on, rear-end, and side 
impacts are considered from the standpoint of both vehicle 
and occupant movement. Both symmetrical and asymmetrical 
collisions are addressed. The authors show that the relat ive 
velocity of the two vehicles determines the motion during im- 
pact. The total  energy dissipated i s  shown t o  be independent 
of the deformation characteri s t i c s  of the vehi cl es . However, 
the manner in which this  energy i s  distributed between the two 
vehicles i s  influenced by their  force-deflection characteristics 
The influence of rotational motions i s  found t o  be small. 

Grime, G .  "Injuries t o  Car Occupants - Theoretical Considerations." 
Proceedings, Inst i tute  of Mechanical Engineers , Automobile 
Division. Vol. 189. p p .  405-416. 1975.  ( 341 46)  

For head-on col 1 i  sions , computes the percentage of occupants 
a t  each injury level from ( 1 )  a distribution showing the per- 
centage of collisions within successive equal intervals of 
relat ive velocity a t  impact and ( 2 )  information on the pro- 
babili ty of occurrence of each injury level as a function of 
velocity change. Various vehicle mass rat ios  were included, 
and satisfactory agreement was found w i t h  results derived from 
the national accident s t a t i s t i c s .  Included i s  a discussion of  



t h e  e r r o r s  i n v o l v e d  i n  u s i n g  t h e  r a t i o  o f  deaths  t o  a l l  
i n j u r i e s  as a  measure o f  s e v e r i t y .  T h i s  e r r o r  a r i s e s  when 
t h e  r a t i o  o f  i n j u r e d  t o  u n i n j u r e d  occupants changes a l s o .  
I n  t h i s  s i t u a t i o n ,  use o f  number i n j u r e d  as t h e  denominator  
i n  t h e  r a t i o  underes t ima tes  t h e  e f f e c t .  

Grime, G .  "Probabi  1  i t i e s  o f  I n j u r y  i n  Road A c c i d e n t s . "  A c c i d e n t  
A n a l y s i s  and P r e v e n t i o n .  Vol . 9 .  pp. 125-142. June, 1977. 

(00000) 

Descr ibes  a  method f o r  c a l c u l a t i n g  t h e  percentages o f  t h e  v a r i o u s  
l e v e l s  o f  i n j u r y  i n  head-on c o l l i s i o n s .  The whole  s u b j e c t  i s  
s t u d i e d  f r o m  t h e  v i e w p o i n t  o f  p r o b a b i l i t y .  A l s o  p r e s e n t s  a  
d iagram g i v i n g  t h e  p r o b a b i l i t i e s  o f  t h e  f o u r  i n j u r y  l e v e l s  v e r -  
sus v e l o c i t y  change o f  t h e  v e h i c l e ,  and a  d i s t r i b u t i o n  d iagram 
o f  t h e  percentages o f  head-on c o l  1  i s i o n s  w i t h i n  success i ve  equa l  
i n t e r v a l s  o f  r e l a t i v e  v e l o c i t y  a t  impac t .  Reasons f o r  expect -  
i n g  t h e  p robab i  1  i t y  curves i n  a1 1  t y p e s  t o  be s i m i l a r  a r e  a1 s ~  
e x p l a i n e d .  F i n a l l y ,  i t  i s  suggested t h a t  s t u d i e s  o f  t h e  u n i n -  
j u r e d  o r  s l i g h t l y  i n j u r e d  i n  severe  f r o n t a l  impac ts  may be as 
r e w a r d i n g  as s t u d i e s  o f  t hose  i n j u r e d  more s e r i o u s l y .  T h i s  
paper  i s  upda te  o f  Grime, 1975. 

Grush, E.S., Henson, S.E., and R i t t e r l i n g ,  O . R .  R e s t r a i n t  System 
E f f e c t i v e n e s s .  Fo rd  Motor  Company. R e p o r t  Number: 5-71-40. 
109 p.  September, 1971 . (31861) 

Desc r ibes  a  comprehensive e f f o r t  t o  e s t i m a t e  t h e  e f f e c t i v e n e s s  
i n  terms o f  1  i v e s  saved f o r  v a r i o u s  r e s t r a i n t  sys terns. Computer 
s i m u l a t i o n s  and occupant  s e v e r i t y  i n d i c e s  a r e  used t o  d e t e r m i n e  
r e s t r a i n t  e f f e c t i v e n e s s  as a  f u n c t i o n  o f  c r a s h  s e v e r i t y .  A c c i -  
d e n t  d a t a  f r o m  t h e  Automot ive  Crash I n j u r y  Research (ACIR) p r o -  
j e c t  were p r o v i d e d  b y  Calspan t o  determine d i s t r i b u t i o n s  o f  
f a t a l i t i e s  by t y p e  o f  a c c i d e n t  and s e a t i n g  p o s i t i o n .  D i s t r i -  
b u t i o n s  o f  b a r r i e r  e q u i v a l e n t  speed ( B E S )  were deve loped f r o m  
A C I R  i n v e s t i  g a t o r - r e p o r t e d  speeds b y  a d j u s t i n g  f o u r  f a c t o r s  : 
r e l a t i v e  c l o s i n g  speed between f a t a l i t y  v e h i c l e  and o b j e c t  
s t r u c k ,  t h e  w e i g h t  d i f f e r e n t i a l ,  a  c e n t e r  o f  g r a v i t y  a d j u s t -  
ment, and a c c i d e n t  1  o c a t i o n  ( e .  g. , r u r a l  / u r b a n ) .  The c e n t e r  o f  
g r a v i t y  ad jus tmen t  was used t o  remove t h e  energy  l o s t  i n  r o t a -  
t i o n / s p i n - o u t .  A second method o f  BES d e t e r m i n a t i o n  i s  based 
on ma tch ing  photographs o f  v e h i c l e  c rash  damage w i t h  known c rash  
t e s t  r e s u l t s .  A c u m u l a t i v e  p l o t  o f  t h e  a d j u s t e d  BES i s  p r o -  
v ided .  The two r e s u l t s  were w i d e l y  d i v e r g e n t ,  p a r t i c u l a r l y  a t  
h i g h e r  speeds, even though d e r i v e d  f r o m  t h e  same d a t a  base. 
The da ta  suagest  t h a t  s t a t e  t r o o p e r s  g r o s s l y  o v e r e s t i m a t e  a t  
h i g h e r  speeds. The use o f  BES as the  c rash  s e v e r i t y  measure 
assumes t h a t  t h e  hazard  t o  t h e  occuoant  i s  r e l a t e d  t o  t h e  amount 



of energy absorbed by the vehicle ( i  . e . ,  BES) . There i s  no one 
common crash sever i ty  sca le ,  s ince  co l l i s ions  which a r e  equiva- 
l en t  in one dynamic parameter a r e  seldom equivalent in o thers .  
For example, i f  we base co l l i s ion  sever i ty  on speed change (de l t a -  
V ) ,  we find tha t  peak vehicle accelerat ions and absorbed energy 
vary considerably. Conversely, coll i  s ions w i t h  the same BES 
(energy d i s s ipa t ion)  do not have the same delta-V. The actual 
velocity changes of vehicles may be s l i g h t l y  higher than the BES; 
however, the maximum vehicle decelerat ion will be the same. In- 
creasing the delta-V a t  a fixed peak vehicle decelerat ion may 
decrease occupant loading. I t  i s  f e l t  t h a t  the difference between 
delta-V and BES i s  small compared t o  other uncer ta int ies .  

Haddon, W.,  J r .  "Approaching the Reduction of Road Losses - Replacing 
Guesswork with Logic, Spec i f i c i ty  and Sc i en t i f i c a l l y  Determined 
Fact. " National Road Safety Symposi u m ,  Canberra (Austral i a )  . 
p p .  21 -41 . 1972. ( 2801 7)  

Provides injury sever i ty  (AIS) d i s t r ibu t ions  versus speed a t  
impact f o r  1967 UCLA data on occupants s t r i k ing  the windshield 
and s teer ing wheel. Maximum human tolerance l imi t s  t o  trans-  
verse accelerat ion a re  given as a function of accelerat ion and 
accelerat ion duration. The re la t ionship  between stopping d i s -  
tance, velocity change, and injury i s  a l so  plotted.  

Hardy, J .L. ,  e t  a l .  "Field Accident Damaqe as a Basis f o r  Crash Tests." 
In Proceedings , International conference on the Bioki net ics  of 
Impacts. National de Securi t e  Routiere, Laboratoire des Chocs , 
Lyon-Bron. p p .  213-223. May 25, 1973. ( 28048) 
Asserts that  current  and proposed crash t es t ing  do not r e f l e c t  
the pattern of impact types found in the  real world. I t  i s  sug- 
gested t ha t  one-quarter overlap o f f s e t  f ronta l  ba r r i e r  be adopted 
i n  conjunction w i t h  the central  pole and the f ront  d i s t r ibu ted  
bar r i e r  as appropriate crash t e s t s  fo r  frontal  impacts; and tha t  
in order t o  es tabl ish  appropriate t e s t  speeds (ETS), proposed 
t e s t s  should be carried out on a number of vehicles.  

Hartemann, F. and Tar r ie re ,  C .  "Synthesis of S t a t i s t i c a l  Data on 
Tra f f i c  Accidents in France, West Germany, I t a lv .  and United 
Ki ngdom." Fifth International  ~echn i ca l '  conference on Experi- 
mental Safety Vehicles. G P O .  p p .  405-413. 1975. (32385) 

Provides cumulative plots  of delta-V in a l l  crashes and severe 
+ fa ta l  crashes fo r  f ronta l  and l a t e r a l  impacts. 



Hartemann, F., Henry, C . ,  and Tarr iere ,  C .  Compared Influences of 
A V ,  Mean y, and intrusion Upon the Overall Severity of In jur ies  
in Frontal Impacts. Peugeot-Renaul t Association, Physiology 
and Bi omechani cs Laboratory, Garenne-Col ombes ( ~ r a n c e )  . 1 2  D. " .  
September 20, 1976. 

Evaluates the e f fec t s  of speed var ia t ion,  mean accelera t ion,  and 
intrusion u p o n  the sever i ty  of les ions .  Of primary i n t e r e s t  i s  
the in teract ion of the independent variables.  A regression of 
these three variables i s  also performed. The influence of de l t a -  
V and mean accelerat ion was 6 to  8 times greater  than intrusion 
in predicting an OAIS of 3 or more. 

Hofferberth, J.E. "User Data Needs." In Proceedings, Motor Vehicle 
Col 1 i s  i  on Investigation Sympos i  u m .  Volume I .  DOT/HS 801 979. 
p p .  143-148. August, 1976. (35846) 

Develops a computerized benefi ts  analysis model which consis ts  
of a n  exposure matrix t ha t  contains the r e l a t i ve  frequency of 
various crash s i t ua t i ons ,  and an effectiveness matrix t ha t  s t a t e s  
the like1 ihood of various levels  of injury sever i ty  for  each 
crash s i tua t ion .  Mu1 t ip1 ica t ion of the two matrices y ie lds  the 
n u h e r  of various levels  of injury in the population. No indi-  
cation i s  provided of the crash parameters used in the exposure 
matrix. The need fo r  s ign i f i can t  crash sever i ty  descriptors i s  
emphasized. 

Hromi, J.D. "Collision Data Needs." In Proceedings, Motor Vehicle ' 

Coll i s ion  Investigation Symposium. Volume I .  DOT/HS 801 979. 
pp .  171-177. August, 1976. (35846) 

Reviews four methods of crash speed estimations: ( 1 )  impact 
speed d i s t r ibu t ions  as developed from the accident invest i -  
ga to rs '  speed estimates by adjust ing for  known biases;  ( 2 )  im- 
pact speed as related t o  crush by using l inear  force-deflection 
model; ( 3 )  impact speed as provided by computer models; ( 4 )  im- 
pact speed as determined from crash vehicle crash recorders. 

HUK-Verband. " In te r io r  Safety of Automobi 1 es.  " Road Traff ic  Acci- 
dents and Their Consequences. A Study by German Motor Tra f f i c  
Insurers on 28,936 Car Crashes with Passenger Injury.  Hamburg 
(Germany). 127 p .  1975.  ( 36020) 

Presents 26 f igures and 42 tables of descr ip t ive  s t a t i s t i c s  
drawn from 28,936 th i rd-par ty  1 i ab i l  i t y  insurance. Both dr iv-  
i  ng and coll  i  sion speeds a re  reported. Cumulative d i s t r ibu t ions  
of r e l a t i ve  co l l i s ion  speeds a re  plotted for  r e a r ,  f r on t ,  and 
s ide  impacts by AIS leve l s .  A n  appendix defines the H U K  "Degrees 



o f  Damage" f o r  v e h i c l e s  i n t o  f i v e  zones s i m i l a r  t o  t h e  CDC/VDI. 
There a r e  t h r e e  zones on t h e  hood / t runk ,  w i t h  zone 4  b e i n g  t h e  
w i n d s h i e l d / b a c k l i g h t  and zone 5 b e i n g  a n y t h i n g  i n s i d e  o f  t h e  
headers,  For s i d e  impacts  zone 3  beg ins  a t  t h e  header and any- 
t h i n g  beyond t h e  c e n t e r 1  i ne i s  zone 5. 

I vey ,  D.L. " P r e d i c t i n g  t h e  P r o b a b i l i t y  o f  I n j u r y  D u r i n g  Highway 
C o l l  i s  i o n s ,  Sub-compacts Versus Standard S i  ze V e h i c l e s .  " I n  
Proceedings,  T h i r d  I n t e r n a t i o n a l  Congress on Automot ive  S a f e t y .  
Vo l .  11. pp. 41.1-41.35. 1974. (30080) 

Develops a  r e l a t i o n s h i p  between p robab i  1  i t y  o f  i n j u r y  and 
a c c e l e r a t i o n  ( 1  a t e r a l  and l o n g i t u d i n a l  ) . TAD damage was r e 1  a t e d  
t o  d e c e l e r a t i o n  versus photographs o f  t e s t  v e h i c l  es. Cornel  1  
and Weaver maximum t o l e r a b l e  occupant d e c e l e r a t i o n s  (Gx and Gy) 
a r e  used. A s e v e r i t y  i n d e x  i s  d e f i n e d  as t h e  r a t i o  o f  t h e  vec- 
t o r  sum o f  t h e  c o l l i s i o n  a c c e l e r a t i o n s  t o  t h e  v e c t o r  sum o f  t h e  
" t o l e r a b l e "  a c c e l e r a t i o n s .  The s e v e r i t y  i ndex  was t h e n  con- ' 

v e r t e d  i n t o  a  p r o b a b i l i t y  o f  i n j u r y ,  u s i n g  t h e  e a r l i e r  i n j u r y /  
a c c e l e r a t i o n  r e l a t i o n s h i p .  

Joksch, H . C .  "An E m p i r i c a l  R e l a t i o n  Between F a t a l  A c c i d e n t  I n v o l v e -  
ment Per ~ c c i d e n t  Invo lvement  and Speed." A c c i d e n t  Anal s i s  
and P r e v e n t i o n .  Vol . 7,  No. 2. pp. 129-132 --+? 1975. 52464 

Prov ides  an a n a l y s i s  o f  t h e  d a t a  f r o m  f i v e  s t a t e s  g i v i n g  f a t a l  
invo lvements  r e l a t i v e  t o  a l l  i nvo lvement  by speed ranges and 
m u l t i p l i e d  by a  f a c t o r .  There i s  a  h i g h e r  i n j u r y  i nvo lvement  
r i s k  f o r  speeds f o r  each range above 40-50 mph. O v e r a l l  assess- ' 

ment between d a t a  f r o m  severa l  s t a t e s  i s  s u r p r i s i n g l y  good up 
t o  70 mph, b u t  t h e r e  a r e  l a r g e  d i s c r e p a n c i e s  be low 40 mph. 

K love,  E.H., J r .  and Oglesby, R.N.  Spec ia l  Problems and Considera- 
t i o n s  i n  t h e  Development o f  Air Cushion R e s t r a i n t  Systems. 
SAE 720411. 8 p. 1972. (19910) 

Presents  d a t a  on f o u r  impac t  t h r e s h o l d  l e v e l s  measured by c r a s h  
r e c o r d e r  i n  General Motors ACRS c a r s :  ( 1 )  c rash  s e v e r i t y  below 
12 mph b a r r i e r  e q u i v a l e n t ;  ( 2 )  12 mph b a r r i e r - e q u i v a l e n t  low- 
1  eve l  deployment; ( 3 )  18  mph b a r r i e r - e q u i v a l  e n t  h i g h - 1  e v e l  
deployment; and ( 4 )  g r e a t e r  t h a n  a  30 mph b a r r i e r  c o l l i s i o n .  



Langweider, K. Car Crash Types and Passenger I n j u r i e s  i n  Dependency 
Upon Car C o n s t r u c t i o n  ( F i e l d  S tud ies  o f  t h e  German Automobi le 
Insurance Companies). SAE 770968. 34 p .  1972. ( 19862) 

Provides i n f o r m a t i o n  on 10,271 i n j u r y  acc iden ts  f o r  cases where 
insurance 1  i a b i  1  i t y  was i n v o l v e d  . A1 1  o f  these a r e  two-veh ic l  e  
c o l l i s i o n s .  The case v e h i c l e  i s  t h e  v e h i c l e  judged t o  be n o t  a t  
f a u l t .  D i s t r i b u t i o n s  o f  t y p e  o f  a c c i d e n t  and impact  speed a r e  
presented. The au thor  r e p o r t s  t h a t  90% o f  a1 1  oncoming t r a f f i c  
acc iden ts  occur  a t  impact speeds l e s s  than  60 km/h (36 mph), 
and 95% o f  a l l  i n t e r s e c t i o n  acc iden ts  occur a t  impact  speeds 
l e s s  than  60 km/h (36 mph) . D i s t r i b u t i o n s  o f  body area i n j u r e d  
a r e  a l s o  presented by seated p o s i t i o n .  Var ious i n j u r y  types a re  
then r e l a t e d  t o  t h e  s e v e r i t y  o f  v e h i c l e  damage. The au thors  
r e p o r t  t h a t  i n  50% o f  a l l  acc iden ts  w i t h  f a t a l  i n j u r i e s ,  t h e  
f a t a l i t y  cannot be a s c r i b e d  t o  extreme damage. I n  these cases 
t h e  f a t a l i t y  i s  a s c r i b e d  t o  " u n f o r t u n a t e  c i rcumstances"  o r  
" i n s u f f i c i e n t  use o f  a v a i l  ab le  s a f e t y  measures. " 

Langwider, K. Passenger I n j u r i e s  and T h e i r  R e l a t i o n  t o  General 
Speed Scale .  SAE 730963. 34 p .  November, 1973. ( 28770) 

Presents d i s t r i b u t i o n s  o f  r e l a t i v e  c o l l  i s i o n  speed f o r  severa l  
d i f f e r e n t  c o l l i s i o n  c o n f i g u r a t i o n s .  These a r e  f u r t h e r  broken 
down by seated l o c a t i o n  o f  t h e  occupant.  For example, 120 
acc iden ts  i n v o l v e d  t h e  f r o n t  o f  t h e  s t r i k i n g  v e h i c l e  impac t ing  
t h e  l e f t  door area o f  t h e  s t r u c k  v e h i c l e .  Both  f r o n t  sea ts  
were occupied i n  t h e  s t r u c k  v e h i c l e  i n  a l l  cases. Resu l t s  a r e  
shown s e p a r a t e l y  f o r  t h e  d r i v e r  and r i g h t  f r o n t  occupant seated , 
p o s i t i o n .  D i s t r i b u t i o n s  o r  r e l a t i v e  c o l l i s i o n  speed (RCS) ( i n  
increments o f  20 km/h) a r e  shown f o r  f i v e  d i f f e r e n t  l e v e l s  o f  
i n j u r y  s e v e r i t y  rang ing  f rom "no i n j u r y "  t o  "1 i f e - t h r e a t e n i n g  
and f a t a l  ." RCS i s  ob ta ined  by v e c t o r i a l  a d d i t i o n  o f  t h e  speeds 
o f  t h e  v e h i c l e s  i n v o l v e d .  A lso  presented i s  a  d i s t r i b u t i o n  o f  
" e q u i v a l e n t  t e s t  speed" f o r  94 f a t a l  occupants i n v o l v e d  i n  
f r o n t a l  c o l l  i s i o n s .  Equ iva len t  t e s t  speed i s  determined by us -  
i n g  t e s t  data  t o  r e l a t e  t h e  amount o f  energy absorbed by each 
v e h i c l e  t o  t h e  c o l l i s i o n  c o n f i g u r a t i o n  and r e l a t i v e  v e l o c i t y  a t  
impact .  The e q u i v a l e n t  t e s t  speed i s  determined t o  r e s u l t  i n  
t h e  same amount o f  energy absorbed by t h e  v e h i c l e .  

L incke ,  W .  and Lanqner, W .  "Cost -Benef i  t Cons idera t ions  f o r  Deter -  
m i n i n g  p r i o r i t i e s  ~ i n  S a f e t y  Standards."  I n  Proceedings, F o u r t h  
I n t e r n a t i o n a l  Congress on Automot ive Sa fe ty .  NHTSA. 
pp. 359-382. 1975. ( 32949) 

P o i n t s  o u t  t h a t  b e n e f i t s  o f  s a f e t y  measures a r e  s i g n i f i c a n t l y  
a f f e c t e d  by any changes i n  the  f requency d i s t r i b u t i o n  o f  a c c i -  
dents .  An o p t i m i z a t i o n  procedure was a p p l i e d  t o  severa l  se ts  



of varying effectiveness ratings resulting from sh i f t s  of 
cumulative frequency of impact speed. The measures of safety 
benefits are more sensitive to  estimates of cost figures and 
effectiveness ratings than t o  variations in the distribution 
of accident types. 

Lutkefedder, N . W .  and Tee1 , S .S .  "Automotive Recorder Research and 
I t s  ~ f f e c t s  on Future Vehicle Safety." Vehicle Safety Research 
Integration Symposium. NHTSA. p p .  353-373. 1973. (29031) 
Presents significant difference in resul ts  which compare acci- 
dent severity with occupant injuries and f a t a l i t i e s  including 
( 1 )  curves of f a t a l i t i e s  versus estimated barrier equivalent 
speed diverge significantly above 30 mph depending on source of 
data and ( 2 )  curves of cumulative frequency of f a t a l i t i e s  versus 
estimated traveling speed also show considerable divergence. 
This difference can be attributed to several factors ,  i ncludiog 
lack of quantitative pre-crash and crash data. A n  important 
indicator of vehicle crash severity i s  Barrier Equivalent Impact 
Velocity (BEIV). I t  can be computed by estimatinq the vehicle 
velocity a t  the time of impact, the change in velocity during 
impact, and the amount of energy absorbed by the object struck. 
B u t  these estimates are  rough approximations, since accidents 
are complex events from which rel iable  quantitative data are 
d i f f i cu l t  to  obtain. The task of determining BEIV will be 
greatly simp1 if ied in case of recorder-equipped vehicles, since 
accurate dynamic data will be available from the accident. Then 
a question ar ises:  Now that accurate records of acceleration 
versus time from real-world accidents are  available, can a more ' 

meaningful vehicle crash severity index be developed? People 
in the f ie ld  of biomechanics have already taken a stop forward 
by defining a more meaningful measure of crash severity,  the 
"Head Injury Criterion" ( H I C )  . I t  defines head injury severity 
as a function of acceleration and time. The fac t  that  an in- 
jury severity index can be defined for human heads i s  no guaran- 
tee that a crash severity index can be developed for vehicles. 
A vehicle severity index may have t o  take into account internal 
geometry, structural s ize,  mass and crush character is t ics ,  
aggressiveness of one car against the other,  e tc .  However, as 
a f i r s t  step, a weighted average of acceleration versus time 
(somewhat similar to HIC) may be appropriate. 

Mackay, G . M .  "Injury and Collision Severity." I n  Proceedings, 
Twelfth Stapp Car Crash Conference. Society of Automotive 
Engineers. p p .  207-219. 1968. (06742) 
Considers vehicle damage as the s tar t ing point for estimating 
collision severity.  Test data are used t o  estimate an "equi- 
valent barrier speed" which would produce the same deformation. 



An ad jus tment  t o  these  es t ima tes  i s  made based on t h e  mass o f  
t h e  s t r u c k  o b j e c t .  R e s u l t s  a r e  p resen ted  f o r  a  sample o f  
B r i t i s h  a c c i d e n t s  r e l a t i n g  c o l l i s i o n  s e v e r i t y  and i n j u r y  
s e v e r i t y  f o r  v a r i o u s  c r a s h  c o n f i g u r a t i o n s .  The b e n e f i t  o f  s e a t  
be1 t s  i s  a l s o  i l l u s t r a t e d .  

Mackay, G.M. " F i e l d  S t u d i e s  o f  T r a f f i c  Acc iden ts  i n  Europe." Four th  
I n t e r n a t i o n a l  Techn ica l  Conference on Exper imenta l  S a f e t y  
V e h i c l e s .  Repor t .  NHTSA. pp. 601 -606. 1973. (2931 3)  

F i v e  European a c c i d e n t  teams i n v e s t i g a t e d  986 c a r s  i n  c o l l  i s i o n s  
p roduc ing  i n j u r y  t o  a t  l e a s t  one person.  Each damage t y p e  was 
c l a s s e d  i n t o  t h e  c l o s e s t  e q u i v a l e n t  c r a s h  t e s t  c a t e g o r y  (e .g . ,  
f r o n t  a n g l e ) .  E q u i v a l e n t  T e s t  Speed (ETS) was determined b y  
match ing damage t o  c r a s h  t e s t  r e s u l t s .  Such an assessment i s  
t h e r e f o r e  a  compar ison based on c o l l  i s i o n  energy .  ( F u t u r e  a n a l y -  
s i s  w i l l  b e  based upon d e l t a - V  o f  each v e h i c l e . )  Cumula t ive  . 
curves o f  speed a r e  p l o t t e d  f o r  AIS-1, AIS-2 and 3, AIS-4 and 5 ,  
and AIS-6+ f o r  f r o n t a l  c o l l  i s i  ons . The European and USA-Carter 
i n j u r y - s p e e d  d i s t r i b u t i o n  cu rves  a r e  shown t o  d i f f e r .  ~i nce t h e  
C a r t e r  a n a l y s i s  o f  A C R I  d a t a  used 20 mph increments ,  t h e  cu rve  
i s  l a r g e l y  d e f i n e d  on t h e  b a s i s  o f  t h r e e  p o i n t s  o n l y .  I n j u r i e s  
f r o m  s i d e  and r e a r  impacts  a r e  a l s o  p l o t t e d  by  speed. 

Marquardt ,  J. F. V e h i c l e  and Occupant Fac to rs  That  Determine Occupant 
I n j u r y .  SAE 740303. 17 p.  February  1974. (29784) 

Desc r ibes  a  method f o r  comput ing change i n  v e h i c l e  v e l o c i t y ,  us-  , 

i n g  t h e  Campbell method t o  e s t i m a t e  t h e  energy absorbed b y  each 
v e h i c l e .  Knowing t h e  t o t a l  energy  absorbed and t h e  masses o f  
t h e  v e h i c l e s ,  the  change i n  t h e i r  r e l a t i v e  v e l o c i t y  may be com- 
puted i f  changes i n  r o t a t i o n a l  k i n e t i c  energy a r e  n o t  s i g n i f i -  
c a n t .  V e l o c i t y  changes f o r  each v e h i c l e  a r e  computed f r o m  t h e  
change i n  r e l a t i v e  v e l o c i t y .  A d i s c u s s i o n  i s  presented on t h e  
r e l a t i o n s h i o  o f  v e h i c l e  mass and s t i f f n e s s ,  energy absorbed, and 
v e l o c i t y  change. Th is  paper a1 so examines o c c u p a n t - r e l a t e d  
f a c t o r s  which i n f l u e n c e  occupant  i n j u r y .  A computer s i m u l a t i o n  
i s  used t o  i l l u s t r a t e  t h e  e f f e c t s  o f  i n i t i a l  occupant p o s i t i o n ,  
t i m e  d u r a t i o n ,  and r ide-down.  

Marsh, J.C., Campbell ,  K.L., and Kingman, B .C .  An Assessment o f  t h e  
Re1 a t i o n s h  i p Between F r o n t a l  Impact  S e v e r i t y  and I n j u r y  Leve l  . 
SAE 770156. 12 p .  1977. (36622) 

Looks a t  t h e  r e l a t i o n s h i p  between c r a s h  s e v e r i t y  and i n j u r y  l e v e l .  
Emphasizes t h a t  t h e  p r o b a b i l  i t y  o f  i n j u r y  i s  a  f u n c t i o n  o f  b o t h  
( 1 )  t h e  r i s k  o f  i n j u r y ,  g i v e n  a  s e t  o f  c rash  f a c t o r s  ( s e v e r i t y ,  
e t c . )  and ( 2 )  t h e  c rash  exposure,  o r  chance o f  t hose  f a c t o r s  
o c c u r r i n g .  T h i s  approach i s  i l l u s t r a t e d  u s i n g  t h e  R e s t r a i n t  



System Eva1 u a t i o n  Study (RSES) da ta  and Texas po l  i ce-repor ted 
data.  Changes i n  crash exposure w i t h  t ime  a r e  i l l u s t r a t e d ,  as 
w e l l  as t h e  r o l e  o f  crash f a c t o r s  o the r  than  t h e  t r a d i t i o n a l  
speed-re1 ated meas ures . 

Mar t i n ,  D. E. and Yani k ,  A. J. "Occupant P r o t e c t i o n  Research Needs. " 
1n Proceedings , A" tomot i  ve s a f e t y  Engineer ing Semi nar . General 
Motors Corpora t ion ,  Environmental  A c t i v i t i e s  S t a f f ,  M i l f o r d ,  
Michigan. pp. 181-185. 1973. (28833) 

P l o t s  f a t a l i t i e s  i n  1968 GM cars  by est imated b a r r i e r  speed. 

McHenry, R.R. Notes on I n t e r p r e t a t i o n  o f  C o l l  i s i o n  Damage. Cal span 
Corpora t ion ,  B u f f a l o ,  N.Y.  15 p .  March 29, 1976. (34162) 

Proves t h a t  s t r u c t u r a l  damage produced by a  g iven  speed change 
o f  a  v e h i c l e  i n  a  non-sideswipe c o l l i s i o n  i s  independent o f  t h e  
speed range i n  which i t  occurs .  Therefore,  i n t e r p r e t a t i o n  of 
damage i n  terms o f  t h e  s e v e r i t y  o f  t h e  occupant exposure can be 
made w i t h o u t  knowledge o f  t h e  f i n a l  speed o f  t h e  s t r i k i n g  v e h i c l e .  
The e x t e n t  o f  damage does, however, depend on t he  mass and 
s t i f f n e s s  o f  t h e  s t r u c k  obs tac l e .  

M i cha l sk i ,  C.S. "Model Veh i c l e  Damage Scale :  A Performance Tes t . "  
T r a f f i c  Sa fe t y  Research Review. Vol . 12, No. 2. pp. 34-39. 
June, 1968. (06389) 

Descr ibes T r a f f i c  Acc iden t  Data P r o j e c t  (TAD) damage s c a l e  f o r  
po l  icemen and a  565-acc ident  Oregon f i e l d  t r i a l .  A p a r a b o l i c  
r e1  a t  i o n s h i p  between damage r a t i n g s  and the  inc idence  o f  i n j u r y  
was p l o t t e d  a long  w i t h  a  p r o b a b i l i t y  i n t e g r a l  cu rve  f o r  f r o n t -  
end damage. 

M i l l e r ,  P.M., e t  a l .  Research Sa fe t y  Veh ic le  Program (Phase I) - 
Vol ume I I. RSV C h a r a c t e r i z a t i o n  and Performance S p e c i f i c a t i o n .  
F i n a l  Technica l  Report .  DOT/HS 801 608. 444 p.  June, 1975 

(32548) 

P l o t s  A C I R  data on po l  i ce -es t imated  impact speeds f o r  pedes- 
t r i a n ,  s i n g l e - v e h i c l e ,  and v e h i c l e - t o - v e h i c l e  c o l l  i s i o n s  by area 
o f  impact,  i n j u r y  s e v e r i t y ,  and v e h i c l e  we igh t .  The policemen 
were t r a i n e d  by Cal span beforehand. The speed da ta  have n o t  
"been ad jus ted  i n  any f ash ion  t o  r e f l e c t  some s o r t  o f  b a r r i e r  
equ iva lence."  Real cars  do no t  h i t  i d e a l  f l a t  b a r r i e r s .  



Moore, J.O. "A Study o f  Speed i n  I n j u r y - P r o d u c i n g  A c c i d e n t s . "  
American Jou rna l  o f  P u b l i c  H e a l t h .  Vo l .  48, No. 11, pp. 1516- 
1525. November, 1958. (0301 8) 

S t u d i e s  each o f  3203 automobi les  i n v o l v e d  i n  i n j u r y  a c c i d e n t s  
d u r i n g  t h e  p e r i o d  1953-1956 t o  de te rm ine  t h e  a s s o c i a t i o n  o f  
i n j u r y  and speed. Dangerous and f a t a l  i n j u r y  i nc reases  were 
r e l a t i v e l y  sma l l  i n  speed ranges up t o  50 mph. Above 50 rnph 
t h e  f requency r i s e s  s h a r p l y .  I t  was p o i n t e d  o u t  t h a t  o t h e r  
causes, concommitant w i t h  speed, may be t h e  r e a l  f a c t o r s  o f  
s e r i o u s  i n j u r i e s  o c c u r r i n g  a t  h i g h  speeds. 

N a t i o n a l  Highway T r a f f i c  S a f e t y  A d m i n i s t r a t i o n .  A n a l y s i s  o f  E f f e c t s  
o f  P r o ~ o s e d  Chanaes t o  Passenaer Car Reauirements o f  MVSS 208. 

J ., 
59 p. August ,  1974. 

and 

N a t i o n a l  Highway T r a f f i c  S a f e t y  A d m i n i s t r a t i o n .  Amendement t o  A n a l y s i s  
o f  E f f e c t s  o f  Proposed Changes t o  Passenger Car Requirements o f  
MVSS 208. DOT/HS 801 328. 51 p.  December, 1974. (30276) 

P r o j e c t s  b e n e f i t / c o s t  r a t i o s ,  c o s t  and e f f e c t i v e n e s s  f o r  t h r e e  
r e s t r a i n t  o p t i o n s .  Most o f  t h e  d a t a  a r e  f rom e a r l i e r  work by  
Cooke. P l o t s  o f  " c u m u l a t i v e  p e r c e n t  o f  deaths o r  i n j u r i e s "  b y  
b a r r i e r  t e s t  speed were p r o v i d e d  and t h e n  updated i n  t h e  
amendment . 

Organisme N a t i o n a l  de Secur i  t e  R o u t i e r e .  "Vo ice  l e s  P r o p o r t i o n s  dans 
L e s q u e l l  es l a  G r a v i t e  des C o l l  i s i o n s  Augmente Avec 1es V i  t e s s e  
des Veh icu les . "  [Here a r e  t h e  p r o p o r t i o n s  i n  which t h e  s e v e r i t y  
o f  c o l l  i s i o n s  i n c r e a s e  w i t h  v e h i c l e  speed.] ONSER A c t i v i t i e s .  
V o l .  11. pp. 6-8. 1964. ( 1  3431 ) 

E a r l y  graph o f  speed and consequences i s  p r o v i d e d  i n  t h i s  
French language paper.  

P a t r i c k .  L.M. and Andersson, A. "Th ree -Po in t  Harness A c c i d e n t  and 
~ a t i o r a t o r ~  Data comparison. I '  I n  Proceedings,  E igh teen th  Stapp 
Car Crash Conference.  pp. 201-302. 1974. ( 30826) 

Compares t h e  d a t a  f r o m  128 a c c i d e n t s  i n v o l v i  ng 169 occupants o f  
BEV 2 t o  53 rnph w i t h  11 s taged and 72 s i m u l a t e d  c o l l i s i o n s .  
Then p resen ts  f r o m  r e a l - 1  i f e  da ta :  ( 1 )  t h e  i n j u r y  d a t a  as a  
f u n c t i o n  of BEVY showing maximum i n j u r y  l e v e l  f o r  t h r e e  body 
areas (head, neck, and c h e s t ) ,  ( 2 )  d i s t r i b u t i o n  o f  s i n g l e  most 
severe  occupant i n j u r y  versus BEVY and ( 3 )  most severe  i n j u r y  
f o r  a l l  occupant versus BEV f rom s taged and s i m u l a t e d  acc iden ts .  



Also presents velocity versus: ( 1 )  chest peak " G , "  ( 2 )  to ta l  
be1 t load, ( 3 )  head HIC, and ( 4 )  crush ( i n  inches).  A common 
base fo r  comparing the  sever i ty  of the accident data and 
staged and simulated co l l i s ions  was achieved by referr ing them 
to  a Barrier  Equivalent Velocity. Permanent front-end crush 
of the case vehicle was compared t o  germanent crush of vehicles 
in staged co l l i s ions  t o  a r r ive  a t  a co l l i s i on  sever i ty  based on 
B E V .  

Prost-Dame, C .  "The French Technical Presentation - Rating Accident 
Sever i t ies  of Occupants. " In Report, Fourth International Tech- 
nical Conference on Experimental Safety Vehicles . NHTSA. 
pp .  197-200. 1973. ( 2931 3) 
Cr i t i c izes  the assignment of col1 ision sever i ty  based on vehicle 
deformation. Velocity change of the vehicle i s  advanced as a 
more appropriate measure of co l l i s ion  sever i ty .  Differences 
between speeds based on vehicle damage and the actual velocity 
change a r i s e  from the combination of differences in mass and 
s t ructura l  s t i f f ne s s  of the vehicles involved. In t h i s  approach, 
vehicle damage i s  used t o  est imate the to ta l  energy absorbed in 
the co l l i s ion .  This quanti ty can then be re la ted  t o  the closing 
speed ( r e l a t i v e  velocity of the vehicles prior  t o  impact) and, 
f i n a l l y ,  t o  the  velocity changes of each vehicle during the im- 
pact. A cumulative d i s t r ibu t ion  of change in velocity i s  
plotted f o r  410 Peugot-Renault head-on cases,  and compared t o  
the NHTSA curve. See a lso  Ventre ( 73 ) .  

Ruter, G .  and Hontschi k ,  H .  "Determination of Injury Threshold 
Levels by Reconstruction of Real Road Accidents." In Proceed- 
i ngs, Second International Conference, Biomechanics of Serious 
Trauma. Bron. IRCOBI. p p .  279-287. 1975. (32768) 
Determines biornechanical to1 erance 1 eve1 s by road accident recon- 
s t ruc t ion .  Vehicle damage and occupant injury a re  investigated.  
The i n t e r i o r  damage i s  simulated in the laboratory,  so t ha t  
loads can be measured. Results a r e  compared with data determined 
by other methods. 

Ryder, M.O., J r .  Development and Evaluation of Automobile Crash 
Sensors - Executive Summary. Summary Final Report. DOT/HS 
801 262. 33 p .  November, 1974. (30722) 
Compares various sensors manufactured by d i f fe ren t  firms with 
respect t o  t he i r  actuation time. The report  a1 so concludes 
t ha t  a sensor ' s  crash accelerat ion environment i s  highly depen- 
dent upon i t s  location on the vehicle and environmental f a c to r s ,  
e . g . ,  temperature, radia t ion,  v ibra t ion.  A velocity-displace- 
ment-sensitive bumper was a l so  developed, which reacted t o  a 
var ie ty  of f ronta l  impact condi t i  ons . 



Ryder, M . O . ,  J r .  Development and Evaluation of Automobile Crash 
Sensors. Final Technical Report. DOT/HS 801 263. 230 p .  
November, 1974. ( 30809) 

Notes the importance of a crash sensor which can make a crash/ 
non-crash discrimination in the shor tes t  possible time. There 
are two fundamentally d i f fe ren t  approaches t o  crash detection:  
(1 ) predictive or anticipatory (makes crash/non-crash di scrim- 
ination prior t o  the impact) and ( 2 )  ac t ive  or post-contact (makes 
the determination during impact). 

Schmidt, R .  "Accident Investigation in the Evaluation of Safety 
Standards - A Survey of Methodology and Applicabil i ty.  " I n  - Pro- 
ceedings, Fourth International Congress on Automotive Safety.  
NHTSA. pp.  605-665. 1975. ( 32949) 

Determines the absolute national numbers of in ju r ies  versus aeci- 
dent type, seat  posit ion,  impact location; projects accident 
s i tua t ion  in to  mid-1 980's; and determines in ju r ies  as a function 
of vehicle veloci t ies  . Regressions a re  performed on TAD versus 
crash t e s t  r esu l t s  t o  determine an empirical relat ionship with 
impact speed. I t  was noted tha t  TAD7 only means "more than 
TAD6." North Carol ina rural pol i  ce-reported TAD data for  unre- 
strained occupants in frontal  impacts a re  converted in to  cumu- 
l a t i ve  speed plots  fo r  various classes of accidents. 

Smi t h ,  R . A .  "Use of Measurement Data." I n  Proceedings, Motor Vehicle , 
Collision Investigation Symposium. Volume I .  DOT/HS 801 979. 
pp .  411-415. August, 1976. ( 35846) 

Points o u t  tha t  the divergence of opinion as to  the potential 
benefits of safety features i s  largely the r e su l t  of the absence 
of any substantive def in i t ion of the severi ty of crashes and 
t he i r  ro le .  ( 1 )  Severity could be measured by accelerometers 
placed a t  the vehicle center of mass. Cost has precluded t he i r  
use. ( 2 )  the SMAC simulator could provide severi ty b u t  i s  pre- 
cluded due t o  cost  and limited application. ( 3 )  A cheap crash 
pulse recorder that  provides a measure of delta-V uses a small 
mass in a tube of viscous f l u id .  ( 4 )  The CRASH computer program 
i s  i t s  software counterpart.  The important character is t ics  of 
the acceleration-time history include: peak accelerat ion,  pulse 
width, velocity change, and curve shape ( e . g . ,  i n i t i a l  r i s e ) .  
Analogous crash data include: object s t ruck,  vehicle masses, and 
coll ision configuration. Peak acceleration and pulse width are 
related t o  co l l i s ion  configuration and the a b i l i t y  of struck 
object t o  y ie ld .  The re la t ive  vehicle masses will also influence 
peak accelerat ion.  



S o c i e t y  o f  Automot ive Engineers.  " C o l l  i s i o n  De fo rmat ion  C l a s s i f i  - 
c a t i o n . "  I n  SAE Handbook 1977. SAE-J-224a. pp. 34.110-34.114. 
1977. (00857) 

Descr ibes a  system of c l a s s i f i c a t i o n  which can c a t e g o r i z e  most 
de fo rmat ions  o f  a  g i v e n  v e h i c l e ,  model, y e a r ,  and body s t y l e  
w i t h i n  narrow b u t  p r a c t i c a l  boundar ies.  C l a s s i f i c a t i o n  i s  based 
on impact  s e v e r i t y  i n  terms o f  d i r e c t i o n ,  l o c a t i o n ,  and e x t e n t  
o f  v e h i c l e  damage i n  seven d a t a  columns. Deformat ion o f  d i f f e r -  
e n t  v e h i c l e s  i n  t h e  same exposure may y i e l d  d i f f e r e n c e s  i n  t h e  
damage index  due t o  des ign  changes. I t  i s  t h e r e f o r e  i m p o r t a n t  
t o  l i m i t  t h e  use o f  t h e  de fo rmat ion  index  as an i n d i c a t o r  o f  
a c c i d e n t  s e v e r i t y  t o  v e h i c l e s  o f  t h e  same make, model, y e a r ,  and 
body s t y l e .  To make comparisons u s i n g  c o l l  i s i o n  de fo rmat ion  on 
v e h i c l e s  o f  v a r i e d  v i n t a g e s ,  makes, and models w i l l  r e q u i r e  
development o f  c a l i b r a t i o n  f a c t o r s  which can be used t o  a d j u s t  
t h e  d e f o r m a t i o n  index  f o r  v e h i c l e  s t r u c t u r e ,  weight ,  and s i z e  
d i f f e r e n c e s .  

P r o j e c t s  a c c i d e n t  s i t u a t i o n  i n t o  1980 's .  Acc idents  a r e  c l a s s i -  
f i e d  as v e h i c l e - v e h i c l e ,  v e h i c l e - o b j e c t ,  and r o l l o v e r .  Crash 
s e v e r i t y  i s  de f ined  as B a r r i e r  E q u i v a l e n t  V e l o c i t y  (BEV) t o  p l a c e  
a l l  crashes on a  common base. BEV accounts f o r  unequal-mass 
c o l l i s i o n s ;  i .e., i t  i s  a  f u n c t i o n  o f  b o t h  masses and b o t h  v e l o -  
c i t i e s .  The Calspan Leve l  I 1  data  a r e  used t o  a d j u s t  f o r  MDAII 
C P I R  f i l e  b i a s e s .  Data a r e  s u b d i v i d e d  by v e h i c l e  s i z e ,  impact 
ang le ,  BEV range, and i n j u r y  l e v e l  (AIS)  b e f o r e  c o s t s  a re  a p p l i e d .  
These were combined t o  produce a  BEV versus s o c i e t a l  c o s t  curve.  
For ca r -ca r  c o l l i s i o n s ,  r e l a t i v e  v e l o c i t y  i s  t h e  v e c t o r  d i f f e r -  
ence c o r r e c t e d  f o r  e c c e n t r i c i t y .  The Law o f  Cosines i s  used t o  
compute c l o s i n g  v e l o c i t y  by assuming [ i n c o r r e c t l y ]  t h a t  t h e  CDC 
c l o c k  d i r e c t i o n  i s  about t h e  v e h i c l e  c e n t e r  o f  mass. F i n a l l y ,  
t h e  BEV i s  computed by c o n s i d e r i n g  v e h i c l e  masses. Claims c o s t s  
per  v e l o c i t y  a r b  developed f rom insurance  da ta .  Using t h e  f r e -  
quency d i s t r i b u t i o n  o f  c l a i m  c o s t s ,  a  p r o b a b i l i t y  d i s t r i b u t i o n  
o f  BEV i s  developed. 

T a r r i e r e .  C .  " E f f i c i e n c y  o f  t h e  3 - P o i n t  B e l t  i n  Real Acc idents  . "  
~ o u r t h  l n t e r n a t i o n a i  Technica l  Conference on Exper imental  Safe ty  
Veh ic les .  NHTSA. pp. 607-619. 1973. (2931 3) 

Measures c o l  1  i s i o n  s e v e r i t y  u s i  ng t h e  Prost-Dame method o f  corn- 
p u t i n g  change i n  v e l o c i t y  d u r i n g  the p e r i o d  o f  v e h i c l e  deforma- 
t i o n  ( d e l  ta-V) . V e l o c i t y  d i s t r i b u t i o n s  were p l o t t e d  f o r  be1 t e d  



and unbel ted occupants. Results a r e  presented for 160 be1 ted 
occupants and 782 unbel ted occupants. No f a t a l  i  t i e s  were 
observed fo r  belted occupants a t  velocity changes less  than 55 
kmlhr (33 m p h ) .  The probability of being kil led or seriously 
injured was found to be s ix  times lower for  the be1 ted occupants 
for  velocity changes less  than 55 km/hr (33 m p h ) .  

Tarr iere ,  C . ,  e t  a l .  "The Contribution of Physical Analysis of Acci- 
dents Towards Interpretat ion of Severe Traff ic  Trauma. " In 
Proceedi ngs, Nineteenth Stapp Car Crash Conference. SAE. 
pp .  965-993. 1975. (33279) 

Stresses that  the Equivalent Test Speed method of crash sever i ty  
assessment be discarded, to  be replaced by the Speed Variation 
Method (delta-V) and more recently by two parameters, namely, 
the speed variation and mean deceleration of the undistorted 
part of the vehicle. An understanding of the dis t r ibut ion o f .  
actual violence of impacts in accidents i s  essent ia l  t o  sound 
safety pol icy. Val id and unbiased sever i ty  measurements a re  
needed. The conventional method of estimating equivalent t e s t  
speed i s  a source of considerable er ror  and only applies for  
r igid-obstacle impacts. Del ta-V i s  the c r i t i c a l  measure for  
unrestrained occupants. Del ta-V can be computed from the masses 
and energy dissipated by each vehicle or s t ructure .  Either the 
s t r e s s  deformation or energy/deformation re la t ionship  must be 
known for  each s t ructure .  The same delta-V can produce widely 
d i f fe r ing  deformations. Speed variat ion and mean deceleration 
are the needed parameters for restrained occupants because of 
the importance of time during which the del ta-V occurs. Both 
parameters were plotted for  330 frontal  col l i s ions  in France and 
21 U.S.A. crash recorder outputs. A 2 t o  1 difference in crash 
recorder and f i e l d  team speed resul t s  i s  noted. 

Tar tagl ia ,  P . E .  "Mu1 ti-Purpose Coll ision Trajectory Sensing." 
American Society of Safety Engineers Journal. Vol. 18, No. 12. 
p p .  14-19. December, 1973. (51709) 

Discusses use of a radar with e lec t ronic  logic systems t o  warn 
the driver of impending co l l i s ion  and allow him time to  decel- 
e ra te .  According t o  the information compi led by Automotive 
Crash In jury Research (ACIR) of Cornel 1 Aeronautical Labora- 
tory,  there i s  a d i rec t  correlat ion between the most severe in- 
jury occurring and the speed a t  which the accident occurred. 
When speed reduction a t ta inable  (by use of radar)  was correlated 
with severi ty index-speed graph, i t  was found tha t  there was an 
average reduction in the  severi ty index of about 20%.  



Tee1 , S.S., Pierce, S.J . ,  and Lutkefedder, N . W .  "Automotive Recorder 
Research - A Sumarv of Accident Data and Test Results." I n  
Proceedings, Thi rd international Conference on Occupant Protec- 
t ion. SAE 740566. pp .  14-70.  1974. ( 30029) 
NHTSA developed a recorder that  measures crash t r iaxi  a1 accel- 
eration/time history during vehicle collisions.  Based on tha t ,  
veloci ty/time his tory and velocity change, during impact, can be 
derived t o  provide measures of vehicle crash severity. Since 
these recorders can provide accurate records of vehicle accelera- 
tion/time histories from actual accidents, and in-depth injury 
data can be made available, we can t ry  to: ( 1 )  determine relation 
ship between vehicle crash severity and occupant injury severity; 
( 2 )  compare different accidents on the basis of vehicle-crash 
severity index; ( 3 )  compare actual highway accidents with labora- 
tory results;  (4) re la te  actual accident severity to crash survi- 
vabili ty standard; and ( 5 )  establish the c r i t e r i a  for future 
crash survivabi 1 i ty standards to provide optimum benefi t / cos t ,  
payoff . 

Timpner, F . F .  Vehicle Impact Analysis. General Motors Corporation, 
Pontiac Motor Division. 5 p .  November 6 ,  1969. (16119) 
Describes an expression for computing the relat ive velocity a t  
impact from the vehicle masses and energy absorbed. The vehicles 
are treated as point masses and the coefficient of rest i tut ion 
i s  assumed t o  be 0 (a  completely plastic co l l i s ion) .  The 
expression was developed t o  re la te  relat ive speeds a t  impact t o  
t e s t  speeds using rigid barriers and pendulums which would pro- , 
duce the same damage. Defines delta-V as the "relative striking 
velocity" of two masses t o  achieve the same degree of crush as 
single-car impact into a wall. 

Capspan. DOTIHS 800 
Compares accelerations measured by conventional s t rain gauge 
accelerometers and new self-contained crash recorder in vehicle- 
to-pole and vehicle-to-vehicle impacts. A NHTSA addendum cor- 
rects crash recorder data reduction errors .  Calspan found poor 
velocity agreement between the recorder and accelerometer data. 
NHTSA developed a new and improved method for crash recorder 
data reduction and obtained reasonably close resu l t s .  

Van Kirk, D . J . ,  Hirsch, J . ,  and Sato, T.B. Effective Impact Velocity 
From Vehicle Deformation - A Preliminary Study.  SAE 680477. 
6 p .  May, 1968. (05586) 



One of the ear l ies t  papers t o  suggest a n  energy basis or equi- 
valent barrier speed basis as a uniform basis for measuring 
crash severity. Speed a t  impact i s  shown t o  produce a wide 
variation in deformation (inches of crush). Vehicle damage i s  
suggested as a measure of crash severity as i t  relates t o  defor- 
mation energy, and i t  can be compared with barrier resul ts .  
Equivalent barrier impact velocity will always be equal t o  or 
less t h a n  the real velocity. A p l o t  of kinetic energy ( f t - lb s )  
versus vo1 ume of deformation (cubic inches) i s  provided. 

Ventre, P .  and Provensal, J .  "Proposal for Method of Analyzing Colli- 
sion Speeds in Real Accidents. " I n  Report, Fourth International 
Technical Conference on Experimental Safety Vehicles. NHTSA. 
p p .  549-559. 1973. (2931 3) 

Provides experimental force-deflection curves and techniques for 
using curves t o  estimate a constant force level which, when . 
mu1 tip1 ied by the mutual crush (summation of crush measurements 
for the two vehicles) , an  estimate of the t o t a l  energy absorbed 
is  obtained. See Prost-Dame (73) for further discussion. 

Ventre, P .  "Compati bi 1 i t y  Between Vehicles in Frontal and Semi - 
~ r o n t a l  ~ol1 is ions ." -  I n  Report, Fifth International Technical 
Conference on Experimental Safety Vehi cl es . G P O .  pp . 670-673. 
1975.  ( 32385) 

Asserts t h a t  the effects of a collision on the occupants depends 
on: del ta-V, deceleration level , and intrusion. Del ta-V depends 
on vehicle masses and closing speed a t  moment of impact. Vehicle 
registration provides d a t a  for cumulative plots of car masses 
and  hence the ra t io  of car masses. A hypothetical of vehicle speed 
distribution before impact is  plotted. Accident d a t a  on delta- 
V are plotted for belted and unbelted occupants a n d  by three injury 
severi ty 1 evel s . 

Villardo, F.J. "Vehicle Damage Scale for Traffic Accident Investi- 
gators: An Investigation of I t s  Use and Potential for Predict- 
ing Driver Injury." Journal of Safety Research. Vol. 5, No. 4 .  
pp .  229-237. December, 1973. (51 551 ) 

Attempts t o  show the re1 ationship between driver injuries and 
TAD severity 1 evel . To the degree that crash severity i s  de- 
fined in terms of driver injur ies ,  a strong relationship between 
TAD rating and injury was found, indicating t h a t  TAD i s  a good 
estimate of crash severity. 



Wall, J.G. and Lowne, R . W .  "Human Injury Tolerance Level Determina- 
tion from Accident Data Using the OPAT Dummy." I n  Report, 
Fifth International Techni cal Conference on Experimental Safety 
Vehicles. G P O .  p p .  501-507. 1975.  ( 32385) 
Calibrates OPAT dummy for injury to1 erance 1 evel s through use of 
f ie ld accident data on vehicle damage and injury t o  restrained 
occupants. Equivalent barrier speed was estimated by matching 
damage from vehicle crash t e s t s .  Equivalent barrier speed i s  
plotted versus be1 t tension, chest deflection, peak head accel- 
erat i  on, and peak chest acceleration. These measured forces 
parameters were then correlated with specific injury types, e .g . ,  
r ib  fracture versus shoulder be1 t tension. 

Warner, C.Y., e t  a1 . An Assessment of the Performance of Be1 t 
Restraint Systems in Automobi l e  Crashes. NHTSA. Report No. : 
ASME-73-ICT-107. 70 p .  1973. (28143) 
Discusses crash severity measures that determine injury severity: 
vehicle velocity change, stopping distance, deceleration profile,  
and structural interactions of the vehicle and the object struck. 
Crash survival a1 so depends upon the occupant/vehicl e interface. 
In many situations the occupant experiences deceleration 1 evel s 
exceeding the vehicle 1 evels. A single,  easily understood crash 
severity measure is  needed. Two candidates incl ude velocity 
change and deceleration level--real i zi ng that they are directly 
re1 ated only under ideal conditions. Equivalent Barrier Speed 
(EBS) has been assigned by matching experimental crash damage 
resul ts ,  by engineering estimates, and  by consideration of crash 
dynamics and structural characteristics.  Several EBS cumulative 
curves are compared. Restraint effectiveness i s  considered as 
a function of severity (CDC/VDI extent and speed). I t  i s  noted 
that stopping distance varies independently of EBS . 

Warner, C.Y., e t  a1 . "An Inexpensive Automobi l e  Crash Recorder. " 
I n  Proceedings, Third ~nternational Conference on Occupant Pro- 
tection. SAE 740567. p p .  71-79.  1974. (30029) 
Emphasizes that velocity change and/or vehicle crush are not a 
sufficient measure of crash intensity.  B u t  vectoral velocity 
change and stopping distance combined with minimal data on occu- 
pant compartment intrusion, coll ision partner characteris t i c ,  
could provide a sufficient measure of intensity.  The current 
NHTSA recorder program has the fo l l  owing deficiencies : ( 1 )  large 
number of recorders are needed t o  provide even a small amount of 
s t a t i s t i ca l  l y  useful data, and ( 2 )  b o t h  Tel edyne-Geotech recorder 
and AVCO device are useful b u t  are very expensive. Hence, a 



scaled-down recorder t h a t  measures one or two essent ia ls  of 
crash in tensi ty  a t  modest cost may be more valuable. Authors 
suggest and a re  working on a model t ha t  wi l l :  ( 1 )  be inexpensive 
( l e s s  t h a n  $10.00 per c a r ) ;  ( 2 )  record velocity changes in 
crashes with a minimum of OAIS-5; ( 3 )  have t r igger  level of 
log frontal  and/or 7g l a te ra l  ; and ( 4 )  identify crash velocity 
change w i t h  a t  l e a s t  10 mph resolution.  

Watson, L . G .  and Shie ls ,  A . C .  "Injury Predictions fo r  Frontal Coll i-  
s ions."  In Proceedings, ~ i n e t e e n t h  Stapp Car Crash Conference. 
SAE. p p .  849-868. 1975. (33279) 

Discusses the development and application of empiri cal equations 
re la t ing frontal  damage as expressed by the CDC to mean AIS in- 
jury severi ty.  Different equations a re  developed fo r  unrestrained, 
lap-be1 ted ,  and ful ly-be1 ted occupants and for  ten CDC/VDI damage 
types (e .g . ,  FREW, FCEW, FLEE, FZEW, FCEN,  F R E N ) .  Three age - 
groups were used. Actual and  predicted a i r  cushion AIS levels  
a re  compared for  13 cases.  

Watson, L . G .  and Shie ls ,  A . C .  Evaluating Crashworthiness with AIS 
and C D C .  S A E  750918. 6 p .  1975. ( 32935) 

Discusses the use of 1 inear and nonlinear curve f i t t i n g  programs 
f o r  the development of injury prediction equations fo r  automobile 
s ide  and  rear  col 1 i s ions .  Separate equations a re  developed for  
unrestrained, lap-be1 ted ,  and ful ly-be1 ted f ront  sea t  occupants. 
Three injury mechanisms a r e  noted: accel e ra t ion / s t r i  king, crush- 
ing, and eject ion (or  combinations of these ) .  AIS was predicted 
sole ly  on the basis of C D C  extent  code. 

Wolf, R . A . ,  e t  a l .  Vehicle Speed a n d  Rural Automotive Crash Injury,  
Part I :  Estimated Traveling Speed a n d  Fa t a l i t i e s .  DOT/HS 800 285. 
44 p .  January, 1969. (1 3093) 

Served as basic reference data used by Cooke, Grush (71) and 
others in estimating impact speeds. The data were collected 
under the Cornel 1 Aeronautical Laboratory ACIR program during 
the period 1953-1968. The information was collected by s t a t e  
police off icers  in 31 s t a t e s  on rural  injury-producing accidents 
i nvol vi ng U. S . passenger cars .  Only unrestrained occupants who 
were a t  l eas t  15  years old were included. Only cases i n  which 
the investigatory o f f i ce r  reported an estimate of travel ing 
speed were included. 



SECTION 2 

ACCIDENTS 

Th is  s e c t i o n  covers bo th  data  a n a l y s i s  and a c c i d e n t  r e c o n s t r u c t i o n .  

Emphasis i n  t h e  data  a n a l y s i s  anno ta t i ons  i s  on i n j u r y  p r e d i c t i o n  tech -  

n iques,  and on c rash  s e v e r i t y  c o n t r o l  v a r i a b l e s  o r  s t r a t i f i c a t i o n  tech-  

n iques.  Recons t ruc t i on  i n c l u d e s  f i e l d  techniques,  impacy dynamics, and 

computer s i m u l a t i o n  a p p l i c a t i o n s .  Acc ident  s t u d i e s  which d i d  n o t  c o n t r o l  

f o r  o r  d iscuss c rash  s e v e r i t y  a r e  n o t  i nc luded .  Acc ident  s t u d i e s  whose 

c e n t r a l  t o p i c  was p r i m a r i l y  c rash  s e v e r i t y  a r e  i n c l u d e d  under Crash 

S e v e r i t y ,  Sec t i on  1. 

The 7 9  c i t a t i o n s  i n c l u d e  many suggest ions f o r  c rash s e v e r i t y  measures. 

While most a r e  d i r e c t l y  r e l a t e d  t o  a c c e l e r a t i o n ,  v e l o c i t y ,  o r  d i s tance /  

t ime, severa l  i n d i r e c t  measures have been used, e,g., impact  c o n f i g u r a t i o n ,  

v e h i c l e  s i z e ,  pe rcen t  o f  v e h i c l e  over1 ap , and windsh i  e l  d  bond separa t i on .  

The va r ious  acce l  e r a t i o n - v e l  o c i  t y - d i  s tance (c rush )  measures a r e  o f  two 

types:  a c t u a l  and b a r r i e r  e q u i v a l e n t  ( i  .e . ,  what b a r r i e r  c rash  would p ro -  

duce t h e  s e v e r i t y  measure?). There i s  a wide range o f  methods o f  d e r i v i n g  

these c rash  s e v e r i t y  measures: c rash  evidence, a  s imple  monogram o f  s k i d  

l eng th ,  f r i c t i o n  c o e f f i c i e n t ,  minimum v e l o c i t y ,  and s o p h i s t i c a t e d  SMAC 

computer s i m u l a t i o n .  



Auter, J .Ha,  Webb, D . G .  The Crash-Speed Calculator. Charles C .  Thomas, 
Publisher, Springfield, 111. 19p. 1972. (27628) 

Includes a p las t i c  crash-speed nomograph calculator based u p o n  
s l id ing distance and  coeff ic ient  of f r i c t i on .  A coeff ic ient  of 
f r i c t i on  estimator for  rubber t i r e s  i s  a lso  included, 

Baker, J .S .  "Reconstruction of Accidents." Traff ic  Digest and Review. 
Vol. 17, No. 3. p p .  9-16. March, 1969. ( 12973) 

Outlines methods fo r  speed reconstruction from f i e l d  accident 
evidence, including skidmarks, yaw marks, horizontal and ver t ica l  
distances traveled while airborne, vehicle damage, and vehicle 
momen turns. 

Baker, J.S. "Traffic Accident Analysis." Traff ic  Engineering Handbook. 
Prentice-Hall . p p .  377-403. 1976. (331 94) 

Suggests a way t o  reduce accidents a t  speci f ic  locations.  The 
method usually involves: ( 1  ) Selecting locations t o  study, 
( 2 )  Determining what can be done t o  improve each location studied, 
(3 )  Comparing cost of the improvement and value of the harm tha t  
could be prevented by i t ,  ( 4 )  Selecting locations t o  be improved, 
( 5 )  Determining the success of the improvement a f t e r  i t  has been 
made. 

Bartz, 3 . A , ,  Segal , D .  J .  , McHenry, R . R .  Mathematical Reconstruction 
of Accidents - Analytical and  Physical Reconstruction of Ten Sel ected 
Highway Accidents. Interim. Calspan Corporation. Report No. 
CAL ZQ-5341 -'/-I, DOT-HS-801 150. 282p. March 1974. (30231 ) 

Mathematical reconstructions of ten actual highway accidents. SMAC 
was used t o  reconstruct vehicle t r a jec to r ies  from scene evidence. 
The Calspan 3-D crash victim simulator was used t o  reconstruct the 
responses of the r ight  f ront  occupants from observed internal  vehicle 
damage, passenger i n ju r i e s ,  and the SMAC-predicted vehicle crash 
hi s tory.  Results were general ly comparable for  the rnajori ty  of 
cases, b u t  the injury indicators ( e . g . ,  HIC) did n o t  corre la te  
s ignif icant ly  with observed in ju r ies .  Occupant responses were 
a lso  physically reconstructed on an impact sled with anthropometric 
crash t e s t  dummies. Again, r esu l t s  generally agreed, b u t  head 
severi ty indexes were n o t  correlated with observed in jury .  Ob- 
served injury did corre la te  with predicted speed change. 

Beatty, R . L .  "Speed Analysis of Accidents on In te r s ta te  Highways." Pub1 i c  
Roads, Volume 37, Number 3 ,  p p .  89-102. December, 1972. (51055) 

Presents various tasks and graphs showing speed before accident 
versus (1 ) average number of in ju r ies  per 100 accidents in rural  
area ,  ( 2 )  average number of in.juries per 100 accidents in urban 



area  and t i 1  t e d  r e g r e s s i o n  1  i n e ,  ( 3 )  average r e p o r t e d  f a t a l i t i e s  
p e r  100 acc i den t s ,  b o t h  r u r a l  and urban, ( 4 )  average r e p o r t e d  
i n j u r i e s  p e r  100 acc i den t s  by t y p e  o f  c o l l i s i o n ,  and ( 5 )  average 
r e p o r t e d  i n j u r i e s  p e r  100 acc i den t s  by t ime  o f  day. The s tudy  
p a r t l y  s u b s t a n t i a t e s  t h e  conc l us i on  t h a t  a  d i r e c t  r e l a t i o n s h i p  
e x i s t s  between t h e  speed o f  a  v e h i c l e  b e f o r e  an a c c i d e n t  and t h e  
s e v e r i t y  o f  t h e  a c c i d e n t  and number o f  i n j u r i e s  pe r  a c c i d e n t  f o r  
a l l  t imes  o f  day, manners o f  c o l l i s i o n ,  and area t ypes .  A  s t a t i s -  
t i c a l l y  s i g n i f i c a n t  l i n e a r  r e l a t i o n s h i p  between i n j u r i e s  pe r  s i n g l e -  
v e h i c l e  a c c i d e n t  and speed b e f o r e  t h e  a c c i d e n t  e x i s t e d  i n  a l l  cases. 

Bhushan, B. Ana l ys i s  o f  Automobi le  C o l l  i s i o n s .  SAE 750895. 12p. 
1975. (32920) 

Presents  an e x p e r t  i n v e s t i g a t o r ' s  approach t o  a c c i d e n t  r e c o n s t r u c t i o n .  
The approach covers t r a n s i e n t  a n a l y s i s  o f  au tomob i le  c o l l  i s i on ,  
i n c l u d i n g  r e l a t i v e  s l i d i n g ,  r o t a t i o n ,  and p l a s t i c  de fo rmat ion .  
Ana l ys i s  i s  based on energy l o s s  i n  s l i d i n g  and p l a s t i c  de fo rmat ion .  
I t  uses pos t - acc i den t  i n f o r m a t i o n  (e.g., s k i d  marks, d i s t a n c e  
t r a v e l e d  a f t e r  impact,  e t c .  ) and au tomob i le  parameters (e .g . ,  c e n t e r  
of  g r a v i t y ,  moment o f  i n e r t i a ) .  Exper imenta l  methods t o  de te rmine  
automobi 1 e  parameters a r e  a1 so descr ibed .  

Bu rge t t ,  A,L. , and Monk, M.W. "Car-to-Car S ide  Impacts : Computer ized 
Crash Recons t ruc t ion .  " I n  Proceedings,  ~i neteen th  Stapp Car Crash , 
Conference, SAE, pp. 405-427. 1975. (33279) 

Descr ibes r e l a t i o n s h i p  between i n j u r y  s e v e r i t y  and c rash  s e v e r i t y  
by SMAC ( s i m u l a t i o n  Model o f  Automobi le  C o l l i s i o n s )  r e c o n s t r u c t i o n  
o f  49 CPIR/MOAI s i d e  impac ts .  P l o t s  o f  s t r i k i n g  vs .  s t r u c k  
v e l o c i t i e s  a r e  p rov i ded  f o r  f a t a l s ,  1  i f e - t h r e a t e n i n g  i n j u r y ,  and 
l o w - l e v e l  i n j u r y .  Car s i z e  and mass r a t i o s  a r e  a l s o  cons idered .  
I t  i s  suggested t h a t  a  s i n g l e  parameter,  r e l a t i v e  v e l o c i t y ,  i s  
s u f f i c i e n t  f o r  sepa ra t i ng  i n j u r y  l e v e l s .  S t r i k i n g  v e l o c i t y  a l s o  
works b u t  n o t  as w e l l  as r e l a t i v e  v e l o c i t y .  Acc iden t  mode, impact  
l o c a t i o n ,  s e a t i n g  p o s i t i o n ,  and v e h i c l e  we igh ts  should a1 so be 
cons idered .  

C a l i f o r n i a  Highway P a t r o l ,  Sacramento. Acc i den t  I n v e s t i g a t i o n .  Revised. 
51p. A p r i l  1970. (1  4970) 

The fo rmu la  f o r  c a l c u l a t i n g  speed f rom s k i d  marks i s :  
, , 2  



where 
$ = skid distance in f e e t ,  
V = speed in miles per hour, and  
f = coeff ic ient  of f r i c t i on .  

The simplest way of estimating the minimum i n i t i a l  speed of a 
vehicle travel ing on  a dry, level , hard-surfaced pavement i s  t o  
a r b i t r a r i l y  assign a coeff ic ient  of f r i c t i on  of 60%. The per- 
centage of grade i s  added t o  t h i s  f igure i f  uphill and subtracted 
i f  downhill. Skids from a l l  skidding wheels should be averaged 
and  r esu l t s  used t o  calculate the minimum vehicle speed, 

Campbell, K . L . ,  Scot t ,  R . E . ,  and Tolkin, S . E .  Highway Safety Effects of 
the Energy Cris is  on U.S. Toll Roads. Final Report. Highway Safety 
Research I n s t ~ t u t e ,  DOT/HS 801 933. 100p. June, 1976. (34575) 

Observations include: (1 ) passenger car t r a f f i c  was down 14.7 
percent, ( 2 )  truck t r a f f i c  was u p  1.2 percent, ( 3 )  involvement 
of cars in crashes was down 45.1 percent, (4 )  involvement of 
trucks in crashes was down 16.6 percent, (5 )  average speed was 
down by about eight mph. , and  ( 6 )  accident-rates overall were 
reduced by much more t h a n  could be accounted fo r  by travel alone. 
Accident severi ty was reduced, leading t o  a 47 percent reduction 
in f a t a l i t i e s .  

Carlson, W . L . ,  and Kaplan, R .  J .  "Case Studies Considered as Retroactive , 

Experiments. " Accident Analysis and Prevention, Volume 7 ,  Number 2 ,  
p p .  73-80. June, 1975. (52459) 

Fi ts  multiple regression model t o  predict injury (AIS) from in- 
depth case studies (CPIRIMADI d a t a ) .  Predictor variables incl ude 
CDCIVDI damage extent index, impact vehicle velocity squared, 
e jec t ion,  windshield bond separation, and sing1 e/mul tip1 e vehicle. 
Relative velocity was found t o  r esu l t  i n  a worse prediction of 
injury. Other velocity e f fec t  measures considered included case 
vehicle velocity squared, sem of velocity squared for  both vehicles,  
and  crash energy (sum of MV 12 for  each vehic le) .  

Coleman, J .  , and Stewart, G .  "Accident and Accident Severity Prediction 
~ ~ " a t i o n s .  I' In ~ roceed i  ngs , National Conference on ~ a i i  road-iiighway 
Crossing Safety, U . S .  Department of Transportation, p p .  56-62. 
1975. (32304) 

Predicts injury and f a t a l i t y  ra tes  a t  railroad-highway crossings 
in terms of vehicle speed, t r a in  speed, type of warning device, 
urban/rural,  vehicle t r a f f i c  volume, and t ra in  volume, 



Council, F . M . ,  and Hunter, W.W.  Seat Be1 t Usage and Benefits in North 
Carol ina Accidents. North Carol ina University, Highway Safety 
Research Center. 7 7 p .  July,  1974, (3051 2 )  

Evaluation of res t ra in t  system benefits based on belt  usage rates 
and injury reductions in North Carol ina accidents. Analyses 
were conducted on accident type, impact type, estimated speed 
jus t  prior t o  impact, and belt  usage. Results were reported 
for three (low, medium, and high) speed ranges. 

Council, F . M . ,  e t  a l .  An Examination of the Effects of the 55 mph Speed 
Limit on North Carolina Accidents. North Carolina University, 
Highway Safety Research Center. 99p. April, 1975, (32562) 

Both TAD severity and "estimated speed prior t o  accidentUdecreased 
in 1974; the driver injury distr ibution did no t  change significantly 
on in te r s ta tes .  I n  f a c t ,  the injury distr ibution appeared t o  have 
shifted s l  ightly upwards. A1 1 roadways experienced i n i t i a l  decreases 
in speeds (mean), b u t  these i n i t i a l  decreases were ful ly  recovered 
by November, 1974, except on in te r s ta te  highways, 

Dal by, T ,  , Petersen, E.A., and Nordentoft, E . L .  "The Type, Location and 
Severity of Injuries i n  Car Occupants in Relation t o  Accident Situations 
and Car Damage, " I n  1 
Biokinetics of Impacts, Organisme National de Securi t e  Routiere, 
Laboratoire des Chocs, Lyon-Bron, p p .  199-212. May 25, 1973. 

(28048) 

Presents d a t a  about accidents in and around "Odense University 
hospital" over a period of 15 months viz 6/1/71-9/1/72. The d a t a  
are studied according t o  type of lesions,  influence of location 
in the ca r ,  ef fect  of safety bel ts ,  influence of coll is ion s i tuat ions ,  
and influence of coll ision direction. Degree of internal damage 
t o  the car had s ignificant  influence u p o n  lesion severi ty.  

Emori , R .  I .  Mechanics of Automobile Coll is ions.  California University, 
Los Angeles, Department of Engineering. 22p .  No Date, (221 79) 

Vehicle coll is ions are  modeled with a mass and a nonlinear, energy- 
absorbing spring. Two-dimensional models are based on impulse- 
momentum principles of r igid bodies, The re la t ive  vehicle dis-  
placements ( n o t  necessarily deformation) were obtained by double 
integration of acceleration-time data. Effective coll ision speed 
i s  related t o  the coefficient of res t i tu t ion ,  deceleration,and 
re la t ive  displacement. 



Emori , R. I. Veh ic le  Mechanics of I n t e r s e c t i o n  C o l l i s i o n  Impact.  SAE 
7001 77. January 1970. (24677) 

The mechanics o f  i n t e r s e c t i o n  c o l l  i s i o n s  a r e  d iscussed i n  t h i s  
p a i r  o f  papers, Th is  one dea ls  w i t h  t h e  c o l l i s i o n  i t s e l f ,  w h i l e  t h e  
n e x t  paper addresses t h e  p o s t - c o l l  i s i o n  movements o f  t h e  veh i c l es .  
Dur ing t h e  c o l l i s i o n  phase, t h e  v e h i c l e s  a r e  t r e a t e d  as r i g i d  
bodies and t h e  p r i n c i p l e s  o f  impul se-momentum a r e  appl  i ed .  A v a i l  - 
a b l e  f u l l - s c a l e  t e s t s  a r e  c i t e d  t o  i n d i c a t e  t h a t  t h e  c o e f f i c i e n t  
o f  r e s t i t u t i o n  i s  approx imate ly  zero and t h a t  t h e  c o e f f i c i e n t  o f  
f r i c t i o n  between t h e  c o l l  f d i n g  v e h i c l e s  i s  i n  t h e  neighborhood o f  
0.4. 

Emori, R . I . ,  and Masanori, T. "Veh i c l e  T r a j e c t o r i e s  A f t e r  I n t e r s e c t i o n  
Col 1  i s i o n  Impact.  Automot ive Enqineer ing Congress, SAE 7001 76.  , 

January, 1970. (24678) 

The v e h i c l e  t r a j e c t o r y  a f t e r  i n t e r s e c t i o n  c o l l  i s i o n  i s  assumed t o  
be a  p lane  mot ion governed by i n e r t i a  f o r c e  and e x t e r n a l  r e t a r d i n g  
fo rce  due t o  t i r e  f r i c t i o n .  Four-wheeled automobi le  was rep1 aced 
by two-wheel ed equ i va l en t  and c a l c u l a t i o n  o f  t r a j e c t o r y  was com- 
p u t e r i z e d  t o  accommodate braked o r  unbraked wheels and s teered  
wheels. The s tudy a l s o  i n d i c a t e d  t h e  cons iderab le  e f f e c t  o f  f r o n t -  
wheel s t e e r i n g  angle  on t h e  t r a j e c t o r y .  

G a r r e t t ,  J . W . ,  and Hendr icks,  D.L. "Fac to rs  I n f l u e n c i n g  t h e  Performance ' 

o f  t he  Energy-Absorbing S tee r i ng  Column i n  Acc idents ,  " F i f t h  
I n t e r n a t i o n a l  Technica l  Conference on Exper imental  Safety Veh ic les  . 
Report .  GPO, pp. 369-394. 1975. 

Considers performance i n  terms o f  inches o f  v e h i c l e  crush,  area 
o f  impact,  d i r e c t i o n  o f  f o r c e ,  v e h i c l e  r o t a t i o n ,  and h e i g h t  of 
impact.  

Gra t tan ,  E . ,  and Hobbs, J.A. Windscreen Glass I n j u r i e s  t o  t h e  Head i n  
F ron t  Seat Occupants o f  Cars and L i g h t  Vans, T ranspor t  and Road 
Research Laboratory ,  Crowthorne (England) .  30p, September, 1975. 

(3391 1 ) 

Uses c o l l i s i o n  s e v e r i t y  t o  pe rm i t  a  v a l i d  comparison o f  i n j u r y  
e f f e c t s  o f  two d i f f e r e n t  types o f  windscreen g l ass .  The method 
used t o  es t imate  t h e  equ i va l en t  b a r r i e r  speeds i s  no t  noted. 

Grime, G . ,  and Jones, I .S. "The Frequency and S e v e r i t y  o f  I n j u r i e s  t o  
t h e  Occupants o f  Cars Subjected t o  D i f f e r e n t  Types o f  Impact i n  
Accidents : an I n v e s t i g a t i o n  o f  B r i t i s h  Road Accidents From Po1 i c e  



Records, 'I In Proceedings , International Conference on the Bio- 
kinetics of Impacts. Organ1 sme National de Securi t e  Routiere, 
Laboratoire des Chocs, Lyon-~ron, pp .  27-36, May 25, 1973. 

(28048) 

Presents tables including percentage of injury accidents vs. type 
of accidents (single car ,  head-on, e tc .  ) a n d  type of vehicle (com- 
mercial vehicle, buses); sever i t ies  of impact vs, type of impact; 
and speed of struck vehicles by type of road ( ru r a l ,  urban) based 
on data from 1596 accidents in three areas of Britain. 

Grunwald, A .  Analysis of Literature on Skid-Marks, Vehicle Damage and 
Speed in Relation t o  Road Accidents, Road Safety Centre, Haifa 
( I s r a e l ) .  62p. November, 1971, (271 38) 

Reconstructs how the accident occurred from d a t a  collected a f t e r  
the accident, In at taining equilibrium (when the bodies are 
f ina l ly  a t  r e s t ) ,  various moments take place, and energy during 
these moments i s  used up  on the form of deformation, f r i c t i on ,  
and l i f t i ng .  If the to ta l  deformation i s  deduced from vehicle 
damage, and to ta l  displacement i s  deduced f r m  the marks, total  
energy may be found. 

Gustavsson, H. "Road Accident Investigation - Accidents in Sweden with 
Saab 99, Report of Fi rs t  Phase." Fourth International Conference , 

on Experimental Safety Vehi cl es , NHTSA, p p .  393-407. 1973. 
(2931 3) 

Both CDC damage extent codes and cost of vehicle repair are 
used as crash severity measures, 

Hal 1 ,  R . G .  Fact Book: A Summary of Information A b o u t  Towaway Accidents 
Involving 1973-1 975 Model Cars. Vol ume I I .  Final Report. DOT/HS 
802 036. 267p. September, 1976. (3591 9 )  

Contains 264 tables and figures of descriptive s t a t i s t i c s  on 21,611 
level-2 res t ra in t  study cases collected by f ive  NHTSA-sponsored 
f i e ld  investigative teams. Results cover who, what, where, when, 
and why. Crashes are  described in terms of configuration, impact 
area, CDC damage extent code, direction of impact force,  and car 
s ize .  

Hartemann, F . ,  e t  a1 . Description o f  Lateral Impacts. Peugeot-Renaul t 
Association. 47p .  1976.  (36397) 

Characterized a sample of  296 la tera l  impacts having caused occupant 
in jur ies  by impact points and angles; distr ibution of car speed 
variation (delta V )  ; and frequency and degree of side deformation. 



The mass ra t io  affects  injury freqeuncy and severity,  Delta-V 
i s  calculated assuming that the impacted car i s  stationary. Crash 
t e s t  results were used as a standard for speed comparisons as the 
energy absorbed was impractical . With passenger compartment in- 
trusion the occupant wall contact speed may be higher than the 
car delta-V. Cumulative delta-V i s  plotted for a l l  occupants and 
severe + fa ta l  occupants in car-to-car and car-to-fixed objects. 

Huboi, K , A .  "Securite des Occupants d ' u n  Vehicule Automobile - Aspects 
Techniques Actuels (Safety of Automobile Occupants - Current Technical 
Aspects). Revue Belge du Transport, Number 2 ,  p p ,  25-32. 1971 . 

(1  9060) 

This French language paper plots the number of accidents by acci- 
dent speed, 

Hutchinson, T .  P .  "Witnesses ' Estimates of the Speeds of Traffic Acci- 
dents." Accident Analysis and Prevention. Vol. 7 ,  No. 1 .  p p .  27- 
35. May 1975, (52453) 
Investigates the agreement existing between observers ' estimation 
of speeds of automobiles involved in accidents. Two different  
approaches were used: 1 ) correlating estimates by different 
people of in i t i a l  speeds, and ( 2 )  relating the existence of vehicle 
damage t o  estimated impact speed. Firs t  approach established quite 
high correlation (approximately 0 . 6 )  between different estimates, 
and in the second a positive association was found between speed 
and damage. Estimate speeds were proportioned t o  some power of 
the actual speed, e .g . ,  1.4 for enroute estimates. Actual speed 
was judged by the author, based on review of pol ice report docu- 
mentation. 

Joksch, H . C .  Analysis of the Future Effects of Fuel Shortage and Increased 
Small Car Usage Upon Traffic Deaths and Injuries.  The Center for  
the Environment and Man, Inc. 194p. January 1976. (341 25) 
Re1 ates automobi 1 e s ize and the frequency of occupant death and 
injury throucjh l i te ra ture  review and accident data analysis. 
Relationship between relat ive frequency of fatal  accidents and 
traveling speed i s  presented. The relationship of accident f re-  
quencies by speed for  six s ta tes  i s  also plotted with varied resu l t s .  
Cumulative travel speeds i n  free-flowing t r a f f i c  are considered. 



Jones, I . S . ,  Segal, D.J. "The A p p l i c a t i o n  of t h e  SMAC Acc ident  Recon- 
s t r u c t i o n  Program t o  ~ c t u a l '  Highway Acc idents ,  " Ameri can Assoc ia t i on  
f o r  Automot ive Medic ine - 18 th  Annual Meet ing.  p. 19. September 
12-14, 1974, (30697) 

Descr ibes t h e  use o f  SMAC computer program i n  r e c o n s t r u c t i n g  severa l  
highway acc iden ts .  S ince t h e  computer i s  ab le  t o  use very  smal l  
t ime  increments and t o  compute t h e  e f f e c t s  o f  t i r e  f o r ces  and 
c o l l  i s i o n  f o r c e s  sirnul taneous ly ,  a  h i ghe r  degree o f  p r e c i s i o n  i s  
c la imed. I n p u t  t o  t h e  program c o n s i s t s  o f  i n i t i a l  c o n d i t i o n s ,  
v e h i c l e  dimensional  p r o p e r t i e s ,  c o n t r o l  i n p u t s  ( s t e e r ,  b rak ing ,  
e t c .  ) , and v e h i c l e  s t r u c t u r a l  c rush  p r o p e r t i e s ,  Output generates 
b o t h  p r i n t e d  and magnet ic tape ou tpu t .  The l a t t e r  can be r u n  as 
i n p u t  t o  an a u x i l i a r y  computer g raph ics  program t o  generate  a  g raph i c  
d i s p l a y .  The p r i n t e d  ou tpu t  p rov ides  displacements,  o r i e n t a t i o n s ,  
v e l o c i t i e s ,  and acce le ra t i ons  o f  two v e h i c l e s  as a  f u n c t i o n  o f  t ime,  
t oge the r  w i t h  damage p a t t e r n s ,  VDI ' s ,  and t h e  v e l o c i t y  change t o  
b e t t e r  than 5 percen t .  D e l t a  V i s  de f i ned  as t h e  v e l o c i t y  change 
exper ienced by t h e  passenger compartment d u r i n g  t h e  c o l  1  i s  i o n .  
The Calspan scene measurement van i s  descr ibed  i n  an appendix.  

Jones, I .S. "The Resul ts  o f  Se lec ted  A p p l i c a t i o n  t o  Actua l  Highway Acc i -  
dents  o f  SMAC Recons t ruc t ion  program. " Proceedings 1 8 t h  Stapb Car 
Crash Conference. SAE. pp. 89-1 11 . 1974. (30826) 

I l l u s t r a t e s  how SMAC i s  used t o  r e c o n s t r u c t  ac tua l  highway a c c i -  
dents .  The computer program has c a p a b i l i t y  o f  s i m u l a t i n g  c o l l i s i o n  ' 

between two veh i c l es ,  o r  a  s i n g l e  v e h i c l e  and a  f i x e d  obs tac l e ,  
con t i nuous l y  through t h e  pre- impact  , impact,  and sp in -ou t  phases. 
S t a r t  r o u t i n e  o f  t h e  program a u t o m a t i c a l l y  generates t h e  i n p u t s  
r e q u i r e d  f o r  SMAC, i n c l u d i n g  c o l l i s i o n  speed est imates,  f rom a  
minimum amount o f  i n f o r m a t i o n  a v a i l a b l e  a t  t h e  acc i den t  scene. 
S t a r t  i n p u t  may be ad jus ted  t o  o b t a i n  a  b e s t  f i t  w i t h  t h e  minimum 
number of i t e r a t i o n s .  (The S t a r t  program evolved i n t o  t he  CRASH 
program). Most o f  t h e  paper descr ibes  f o u r  ac tua l  examples of 
r e c o n s t r u c t i o n ,  w i t h  f i r s t  two cases i n  d e t a i l ,  w i t h  t h e  i n p u t  
changes made a t  each s tep  and t h e i r  e f f e c t  on f i n a l  r e c o n s t r u c t i o n .  
The paper concludes t h a t  us ing  t h e  v e l o c i t y  change as a  measure 
of acc i den t  s e v e r i t y  and c o r r e l a t i n g  i t  w i t h  i n j u r y  da ta  would 
a l l o w  t h e  r e l a t i v e  p r o t e c t i v e  a b i l i t y  o f  d i f f e r e n t  veh i c l es  and/or 
dev ices t o  be eva luated.  

Jones, I .  S.  Automated Acc iden t  Recons t ruc t ion .  SAE 750894. 8p. 
1975. (3291  7 )  

Two computer programs a re  descr ibed  (START and ITERATES) which auto-  
m a t i c a l l y  execute t h e  SMAC program i t e r a t i v e l y  t o  op t im i ze  t h e  i n -  
p u t  v e l o c i t i e s  and p rov i de  a  "bes t  f i t "  r e c o n s t r u c t i o n  ( f i n a l  r e s t  
p o s i t i o n  w i t h i n  5% e r r o r )  t o  t he  a v a i l a b l e  scene da ta .  Emphasis i s  
p laced on t h e  theory  and development o f  t he  i t e r a t i v e  r o u t i n e  w i t h  



examples t o  i 1 lustrate  i t s  operation, The programs described 
adjust only the vehicle impact speeds and monitor only the 
vehicle final rest  positions t o  determine the "accuracy1' of the 
reconstruction. The author points out that i t  may also be 
desirable t o  adjust additional parameters such as the in i t i a l  
orientation of the vehicles and to monitor the accuracy of other 
aspects of the reconstruction such as the vehicle damage. The 
author concludes that the feas ib i l i ty  of an automated accident 
reconstruction program has been demonstrated, The i te ra t ive  
approach i s  somewhat more expensive a t  this  time, costing $40-60 
t o  yield accuracy within 5 % ,  while the CRASH program provides 
accuracy within 1 2 %  a t  about $ 5  per case, 

Kahane, C.J. Usage and Effectiveness of Seat and Shoulder Belts in Rural 
Pennsylvania Accidents. DOT/HS 801 398. 69p. December 12, 1974. 

(3231 4) 
Notes that pol ice-estimated pre-impact speed i s  poor substi tute 
for velocity change during impact and i s  n o t  a sharp measure of 
accident severity, The be1 ted occupant injury rates are standardized 
t o  the pre-impact speed vs. belt usage, injury rates ,  and injury 
of pre-impact speed vs. belt usage, injury ra tes ,  a n d  injury 
reduction are provided. The relationship of ejection and pre- 
impact speed i s  discussed along with cumulative speed curves for  
ejectees, and nonejectees (be1 ted and unbel ted) . 

Mackay, G.M., and Ashton, S .  Injuries in Collisions Involving Small Cars 
i n  Europe. SAE 730284. Top. 1913. (27443) 
Col l  ision severity i s  estimated by comparing the damage in the 
actual crash to the damage in one of 11 standard types of impact 
t e s t s .  Results are presented for 636 accidents investigated in 
the United Kingdom. Distributions of equivalent t e s t  speed are 
shown for various collision types. Case studies are presented t o  
i l l u s t r a t e  the more detailed aspects. 

Mason, R . R , ,  Whitcomb, D . W .  The Estimation o f  Accident Impact Speed. 
C A L  Report No. YB-3109-V-1. August, 1972.  ( 1  971 4 )  

Presents several formulas, one for each type of vehicle impact, 
which can be used t o  estimate a vehicle 's  impact speed, Car-to-car 
impacts considered are symmetrical frontal , offset frontal , side,  
and rear impacts. Car-to-object impacts considered are rigid pole, 
breakaway poles, stationary vehicles, guardrails. Car size and 
type are also considered. Impact velocity i s  computed from crush ( c )  
by the relationship of V = a+bC, with a and  b determined from 



l e a s t  squares f i t s  t o  a v a i l a b l e  da ta .  Emori I s  s t u d i e s  of c o l l  i s i o n  
dynamics concluded t h a t  t h e  f ront -end o f  t y p i c a l  v e h i c l e s  o f  t h e  
t ime  [about 1956) behaved as a  p l a s t i c  s p r i n g  such t h a t  c rush  = .9 
v e l o c i t y .  Th is  r e p o r t  i n c l udes  a thorough l i s t i n g  of t h e  r e s u l t s  
o f  staged c o l l  i s i o n s  which have been repo r t ed  i n  t h e  1 i t e r a t u r e .  

McHenrv, R .  R . ,  e t  a1 , Dete rmina t ion  o f  Phvs ica l  C r i t e r i a  f o r  Roadside 

Summarizes t h e  f i nd i ngs  o f  a  research  program undertaken t o  develop 
a n a l y t i c a l  means f o r  e v a l u a t i n g  e x i s t i n g  and proposed roads ide  
energy convers ion sys terns, An e l  even-degree-of -freedom, nonl  i near,  
mathematical  model o f  an automobi le  t r a v e r s i n g  a v a r i e t y  o f  
i r r e g u l a r  t e r r a i n  fea tu res  and encoun te r ing  a  v a r i e t y  o f  roads ide  
obs tac les  was fo rmu la ted  and programmed f o r  a  d i g i t a l  computer. 
S imulated responses and t e s t  r e s u l t s  were compared f o r  co rner ing ,  
r i d e ,  d i t c h  t r a v e r s a l ,  cu rb  impact,  and g u a r d r a i l  impact responses. 
Two dynamic and two s t a t i c  t e s t s  were conducted t o  o b t a i n  sample 
dynamic and s t a t i c  1  oad-def l  e c t i o n  p r o p e r t i e s  o f  automobi 7e s t r u c -  
t u r e s .  Vel o c i  ty change was determined by f o u r  methods--momentum 
change, energy balance, acce lerometer  da ta ,  and photographic  data- -  
w i t h  s i m i l a r  r e s u l t s .  The c o e f f i c i e n t  o f  r e s t i t u t i o n  was a l s o  
s i m i l a r  t o  p rev ious  research.  Dur ing impact t h e  v e h i c l e  s t r u c t u r e  
i s  t r e a t e d  as a  r i g i d  mass surrounded by a  l a y e r  o f  i s o t r o p i c ,  
homogeneous m a t q r i a l  which e x h i b i t s  p l a s t i c  behav io r .  Dynamic 
pressure (1  b / i n  ) i s  assumed t o  inc rease  l i n e a r l y  w i t h  depth o f  
pene t ra t i on ,  up t o  18 inches.  See a l s o  McHenry, 1971. 

McHenry, R . R . ,  DeLeys, N.J. Development o f  A n a l y t i c a l  Aids f o r  M i n i -  
m i z a t i o n  o f  S ing le -Veh ic le  Acc idents .  CAL No. VJ-2251 -V-10, 
PB 204 583. 150 p .  J u l y  1971. ( 1  7061 ) 

Summarizes f i v e  years  and n i n e  volumes o f  research  e f f o r t  t o  
develop HVOSM, ~ i ~ h w a ~ - ~ e h i c l e - ~ b j e c t  S imu la t i on  Model. HVOSM 
i s  a  computer s i m u l a t i o n  o f  s i n g l e - v e h i c l e  acc i den t  dynamics, 
i n c l u d i n g  three-d imensional  mot ions f rom t r a v e r s a l  04 i r r e g u l a r  
t e r r a i n  and f rom c o l l i s i o n s  o f  t h e  sprung mass w i t h  s imple road-  
s i d e  b a r r i e r s .  F u l l - s c a l e  t e s t s  were used f o r  v a l i d a t i o n .  The 
c r e a t i o n  o f  c rash  f o r ces  evolved t o  new t rea tment  termed " p o i n t  
p r o f i l e "  i n  which t h e  v e h i c l e  o u t l i n e  i s  descr ibed.  The concept 
o f  dynamic pressure i s  used t o  r ep resen t  t h e  v e h i c l e  c rush  p ro -  
p e r t i e s ,  w i t h  t he  p ressure  i nc reas ing  l i n e a r l y  w i t h  depth o f  pene- 
t r a t i o n ,  Several  p a r a l l e l  p lanes were used t o  desc r i be  t h e  v e h i c l e  
i n  t h r e e  dimensions. The " p o i n t  p r o f i l e "  concept approach was 
subsequent ly used i n  SMAC. Some vers ions  o f  HVOSM a l s o  p rov ided  
f o r  t h r e e  "hard p o i n t s .  " e,g. , wheel -ax1 e-suspension. 



McHenry, R.R.  Development of a  Computer Program t o  A i d  t h e  I n v e s t i g a t i o n  
o f  Highway Acc idents .  CAL No, VJ-29794-1.  DOT HS 800 621, 104p. 
December 1971 . (1 7261 ) 
Descr ibes a  computer program and an assoc ia ted  o p t i c a l  measurement 
system developed t o  i n v e s t i g a t e  highway a c c i d e n t s .  These c o n s t i t u t e  
t h e  ma jo r  components o f  a  system t h a t  w i l l  p r o v i d e  a  c a p a b i l i t y  
f o r  p rocess ing  and e v a l u a t i n g  data  v i a  r a d i o  c o n t a c t  w i t h  t h e  
o p e r a t o r  o f  a  t ime-shar ing  computer t e r m i n a l ,  w h i l e  t h e  i n v e s t i g a t o r s  
a r e  a t  t h e  a c c i d e n t  scene. Recons t ruc t ion  f o l l o w s  t h e  genera l  
approach o f  Marquard*i n  r e c o n s t r u c t i n g  t h e  pos t -co l  1 i s i  on, o r  " sp in -  
out , "  phase upon r e s t  p o s i t i o n ,  t r a j e c t o r i e s ,  and impact  p o i n t s ,  
and then approx imat ing t h e  c o l  1  i s i o n  phase v e l o c i t i e s ,  p o s i t i o n s ,  
and o r i e n t a t i o n s  a t  i n i t i a l  c o n t a c t .  Whi le  c rush  p r o p e r t i e s  do n o t  
a f f e c t  t h e  conserva t ion  o f  momentum, they  do p e r m i t  r e l a t i v e  mot ions 
d u r i n g  t h e  f i n i t e  d u r a t i o n  o f  t h e  impact  phase. They a l s o  p e r m i t  gene- 
r a t i o n  o f  damage p a t t e r n s .  The v e h i c l e  i s  d e f i n e d  as a  r e c t a n g l e  o f  p o i n t s  
t h a t  move r a d i a l l y  inward so as t o  ach ieve  equal dynamic pressures 
f o r  t h e  two m u t u a l l y  deformed bod ies .  Peak a c c e l e r a t i o n s  f rom t h e  
program and c r a s h  t e s t s  were comparable, 

McHenry, R . R .  A Comparison o f  Resu l t s  Obtained w i t h  D i f f e r e n t  A n a l y t i c a l  
Techniques f o r  Recons t ruc t ion  o f  Highway Acc idents .  SAE 750893. 
17p. 1975. (32926) 

I n t r o d u c e s  t h e  CRASH (Cal span Recons t ruc t ion  o f  Acc iden t  Speeds on 
t h e  Highway) computer program. An e a r l y  START program, used t o  
generate  i n i t i a l  approx imat ions f o r  t h e  SMAC program, was r e f i n e d  
t o  i n c l u d e  improved s p i n - o u t  t r a j e c t o r y  a n a l y s i s  and i n t e r p r e t a t i o n  
o f  v e h i c l e  damage data .  E i t h e r  t h e  V D I / C D C  o r  a c t u a l  damage measure- 
ments can be used. The r e s u l t s  o f  CRASH and SMAC r e s u l t s  a r e  com- 
pared f o r  f o u r  staged c o l  1  i s i o n s  . Techniques f o r  e s t i m a t i n g  f r o n t a l  
impact  v e l o c i t y  from v e h i c l e  damage developed by Emori ( f u l l  w i d t h )  
and by Campbell ( p a r t i a l  w i d t h  c o n t a c t )  were extended t o  t h e  e n t i r e  
p e r i p h e r a l  s t r u c t u r e .  The energy absorbed w i t h o u t  r e s i d u a l  c rush  
i s  assumed t o  be p r o p o r t i o n a l  t o  c o n t a c t  w i d t h  r a t h e r  than  a  con- 
s t a n t .  Del ta-V f o r  low-speed c o l l  i s i o n s  i s  underest imated because 
t h e  rebound v e l o c i t y  produced by t h e  c o e f f i c i e n t  of r e s t i t u t i o n  i s  
n o t  i n c l  uded. 

McHenry, R.R, ,  Jones, I .S . ,  Lynch, J.P. Mathemat ical  Recons t ruc t ion  o f  
Highway Acc idents  - Scene Measurement and Data Process ing System. 
F i n a l  - P a r t  2. CAL No. ZQ-5341-V-2, DOT-HS 801 405. 170p. 

(31 977) 

Summarizes t h e  r e s u l t s  achieved i n  t h e  t h i r d  y e a r  o f  t h e  s tudy  f o r  
t h e  development and f i e l d  t e s t i n g  o f  a  measurement and da ta  p ro -  

'Marquard, E.  "Progress i n  t h e  C a l c u l a t i o n s  o f  V e h i c l e  C o l l i s i o n s "  Auto- 
mobi technische Z e i t s c h e i f t ,  Jah rv  68, H e f t  3, 1966, pp 74-80 

(22730) 



McHe 

cess ing system f o r  use i n  i n v e s t i g a t i o n  of acc i den t s ,  i n c l u d i n g  
d e t a i l s  on t h e  Calspan acc i den t  i n v e s t i g a t i o n  v e h i c l e  and SMAC 
re f inements ,  e,g., START program ( t o  develop i n i t i a l  SMAC i n p u t s )  
o u t p u t  o f  D e l t a  V c a l c u l a t i o n s ,  D e l t a  V i s  de f i ned  as t h e  v e l o c i t y  
change exper ienced by t h e  passenger compartment d u r i n g  those t i m e  
per iods  when t he  r e s u l t a n t  a c c e l e r a t i o n  exceeds 1,O g ' s .  

n r y ,  R.R. Extens ions and Refinements o f  t h e  Crash Computer Program. 
P a r t  I, ~ n ~ y t i c ~ - - ~ e c o n s t r u i n i f  Highway Acc idents .  P a r t  11, 
Users Manual f o r  t he  Crash Computer. P a r t  111, Eva lua t i on  o f  t h e  
Accuracy of Recons t ruc t ion  Techniques f o r  Highway Acc idents .  
DOT-HS 801 837, DOT-HS 801 838., DOT-HS 801 839. Calspan Co rpo ra t i o  
121 p. February 1976, (33959, 33960, 33961 ) 

Documents CRASH m o d i f i a t i o n s  t o  (1  ) improve t r a j e c t o r y  p r e d i c t i o n  
accuracy, ( 2 )  pe rm i t  2, 4, o r  6 damage measurements, ( 3 )  improve 
ob1 i que  c o l l i s i o n  i n t e r p r e t a t i o n ,  and (4) adapt as a SMAC pre -  
processor .  " P a r t  11" con ta i ns  d e t a i l e d  user  i n s t r u c t i o n s  and o u t -  
1 i nes  t h e  a n a l y t i c a l  bas i s  of program c a l c u l a t i o n s .  The accuracy 
e v a l u a t i o n  ( P a r t  111) was impeded by l a c k  o f  r e a l i s t i c  and s u i t a b l e  
staged c o l  1 i s i o n s  , 

McHenry, R . R .  The SMAC and CRASH Computer Programs and t h e  Acc iden t  
Evidence Required f o r  T h e i r  Appl i c a t i o n .  Cal span Corpora t ion .  
5p. March 15, 1976. (34166) 

B r i e f l y  desc r ibes  t h e  SMAC and CRASH computer programs and t h e  
cor responding evidence requi rements ,  I n  t h e  CRASH program evidence 
i s  entered d i r e c t l y  and t h e  o u t p u t  i nc l udes  Del ta-V. I n  t h e  SMAC 
program t h e  i n p u t  inc ludes  t r i a l  c o l l i s i o n  speeds, and t he  r e -  
cons t ruc ted  ou tpu t  i s  compared w i t h  evidence. 

McHenry, R.R. "The CRASH Prosram - A Simol i f i e d  C o l l  i s i o n  Recons t ruc t ion  
f i og ram. "  Motor v e h i c l e - c o l l i s i o n  ~ n v e s t i ~ a t i o n  Symposium. Vo l .  I: 
Proceedings. Calspan Corpora t ion .  DOT-HS 801 979, pp. 298-341 . 
August 1976. (35846) 

Compares SMAC and CRASH r e s u l t s  f o r  n i n e  staged c o l l i s i o n s .  CRASH 
was - + 12% accura te  versus - + 5% f o r  SMAC. See a l so ,  McHenry, 1975. 

McHenry, R.R, "Computer Aids f o r  Acc iden t  I n v e s t i g a t i o n . "  Mathematical  
Model ing.  Biodynamic Response t o  Impact. SAE 760776. pp. 85-96. 
October 1976, ( 35875 )  

Notes t h a t  bo th  SMAC and CRASH a re  l i m i t e d  t o  f l a t - s u r f a c e  c o l l i s i o n s  
t h a t  do n o t  i n c l u d e  secondary c o l l  i s i o n s  w i t h  roads ide  obs tac les ,  
e f f ec t s  o f  t e r r a i n  f ea tu res  (e .g . ,  g r a d i e n t s ) ,  and r o l l o v e r s ,  
a l though  SMAC cou ld  be r e r u n  f o r  each separate  impact t ime  segment. 



It a l s o  no tes  t h a t  b o t h  programs assume a  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  wh ich  i s  l i n e a r  f o r  i n c r e a s i n g  l o a d  and t h a t  t h e  s t r u c t u r a l  
damage produced by a  g i v e n  speed change o f  a  v e h i c l e  i s  independent 
o f  t h e  speed range o f  t h e  c o l l i s i o n ,  The e x t e n t  o f  damage does depend 
on t h e  mass and s t i f f n e s s  o f  t h e  s t r u c k  o b s t a c l e .  

McHenry, R .R . ,  Lynch, J,P. CRASH 2  U s e r ' s  Manual, F i n a l  Repor t ,  Calspan 
C o r p o r a t i  on. DOT-HS 802 106, 84p. November 1976, (36457) 

Contains d e t a i l e d  i n s t r u c t i o n s  f o r  users  o f  t h e  CRASH 2  computer 
program i n  i n t e r a c t i v e  o r  ba tch  mode, Two separa te  and independen t l y  
d e r i v e d  speed es t ima tes  a r e  computed. One i s  based upon work-energy 
r e l a t i o n s h i p s  f o r  s p i n - o u t  t r a j e c t o r i e s  and t h e  p r i n c i p l e  o f  con- 
s e r v a t i o n  of  momentum f o r  t h e  c o l l i s i o n .  The o t h e r  i s  based upon 
de fo rma t ion  o f  t h e  two v e h i c l e s  and energy c a l c u l a t i o n s  . 

McHenry, R,  R, Y i e l d i n g - B a r r i e r  Tes t  Data Base Refinement o f  Damage Tab1 es 
i n  t h e  CRASH Prosram. Calspan C o r ~ o r a t i o n .  DOT-HS 802 265. 58p ,  - 
February 1977. (36920) 

Summarizes e f f o r t s  t o  r e f i n e  CRASH 2  e m p i r i c a l  c r u s h  c o e f f i c i e n t s  
and t e s t  e f f e c t  o f  changes on t h e  r e c o n s t r u c t i o n  o f  22 s taged c o l -  
1  i s i o n  cases. The CRUSH program was developed t o  e x t r a c t  e m p i r i c a l  
c o e f f i c i e n t s  from s taged c o l l i s i o n  da ta  th rough  use o f  an a n a l y t i c a l  
p rocedure  t h a t  c o n s t i t u t e s  t h e  i n v e r s e  o f  t h e  damage a n a l y s i s  p r o -  , 

cedure i n  t h e  CRASH program. CRUSH produces a  1  i n e a r  f i t  t o  t h e  
r e s u l t s  o f  two s taged c o l l i s i o n s  a t  d i f f e r e n t  speeds i n v o l v i n g  a  
g i v e n  p o r t i o n  o f  a  p a r t i c u l a r  c a t e g o r y  o f  v e h i c l e .  (A procedure  
f o r  more than  two da ta  p o i n t s  c o u l d  be added.) Average e r r o r  f o r  
t h e  22 cases was reduced f rom + 10% t o  + 5%. It i s  a l s o  no ted  t h a t  
i n  most s taged c o l l i s i o n s ,  ~ e l T a - v  has n o t  been d i r e c t l y  measured 
a t  t h e  c e n t e r  of mass and t h a t  CRASH does n o t  account  f o r  v a r i a t i o n s  
o f  s t i f f n e s s  i n  d i f f e r e n t  zones o f  t h e  v e h i c l e ' s  s i d e ,  o r  t h e  
e f f e c t s  o r  u n d e r r i d e / o v e r r i d e .  

McHenry, R . R , ,  Lynch, J.P. Mathemat ical  R e c o n s t r u c t i o n  o f  Highway 
Acc iden ts  - F u r t h e r  Extens ions and Ref i nements o f  t h e  CRASH Computer 
Program. Calspan Corpo ra t i on .  DOT-HS 802 287. 38p. March 1977. 

(37205) 

M o d i f i c a t i o n  o f  CRASH 2 t o  ( 1 )  i n c o r p o r a t e  SMAC t r a j e c t o r y  r o u t i n e ,  
(-2) p r o v i d e  o p t i o n a l  a b b r e v i a t e d  fo rma t ,  ( 3 )  p r o v i d e  o p t i o n a l  b a t c h  
mode, and ( 4 )  r e v i s e  and ex tend o u t p u t  f o r m a t .  The t o t a l  number 
o f  v e h i c l e  c a t e g o r i e s  was extended f rom 4 t o  7, i n c l u d i n g  6 c a r  
s i z e s  and an SAE moving b a r r i e r .  The c rush  p r o p e r t i e s  of t h e  m i n i c a r  
and l a r g e  c a r  a r e  i d e n t i c a l  t o  t h e  subcompact and f u l l - s i z e  c a r ,  
r e s p e c t i v e l y  . 



McHenry, R . R . ,  Baum, A S . ,  Neff ,  D.O. Y i e l d i n g  B a r r i e r  Tes t  Data Base, 
A  Study o f  Side Impact Cases i n  t h e  Mu1 t i - D i s c i p l i n a r y  Acc iden t  
I n v e s t i g a t i o n  (MDAI) F i  l e ,  Calspan Corporat ion.  DOT-HS 802 31 9, 
71p, A p r i l  1977, (371 27) 

Summarizes r e c o n s t r u c t i o n  of 259 M D A I  s i d e  impact cases us ing  CRASH 
2 program, I n j u r y  th resho lds  were measured as a  f u n c t i o n  o f  Del ta-V 
and d i r e c t i o n  o f  occupant mot ion.  The M D A I  cases p r o v i d e  poor docu- 
menta t ion  f o r  CRASH 2 ;  38 were r e j e c t e d  because of l a c k  o f  s u f f i c i e n t  
i n f o r m a t i o n ,  See a l s o  McHenry, February,  1977. 

Mela, D.  F. A Source of Subs tan t i a l  E r r o r  i n  Es t ima t i ng  t h e  D i s t r i b u t i o n  
o f  T r a v e l i n g  Speed f o r  Acc iden t - Invo lved  Veh ic les ,  NHTSA, 3p. 
September 3, 1968. (371 81 ) 
- --. 

Finds t h a t  when us i ng  es t imated  impact speeds (ACIR da ta )  t o  determine 
speed d i s t r i b u t i o n s  t h e  f r a c t i o n  of veh i c l es  i n  t h e  20-30 mph and 
70-80 mph ranges a re  overest imated by 3, and t h e  f r a c t i o n s  below 
20 mph and over  80 mph a r e  overest imated by a  f a c t o r  o f  17. 

Mela, D . F .  "How Safe Can We Be i n  Small Cars?" I n  Proceedings, T h i r d  
I n t e r n a t i o n a l  Congress on Automot ive Sa fe ty .  Volume 11, GPO, pp. 
48, l -48.30. 1974. (30080) 

A s h i f t  on t h e  U.S. passenger c a r  p o p u l a t i o n  f rom i t s  p resen t  
we igh t  d i s t r i b u t i o n  t o  one composed p r i m a r i l y  o f  compact and sub- , 
compact ca r s  cou ld  produce up t o  25 percen t  more se r i ous  and f a t a l  
i n j u r i e s  than i f  t h e r e  was no change i n  we igh t  d i s t r i b u t i o n .  I n -  
creased use o f  s a f e t y  be1 t s  cou ld  m i  t i g a t e  t h e  harmful  e f f e c t s  o f  
we igh t  r educ t i on .  It does n o t  appear t h a t  a  r e d u c t i o n  i n  maximum 
speeds would by i t s e l f  comp le te ly  o f f s e t  t h e  e f f e c t  o f  a  s h i f t  t o  
smal l  ca rs ,  I t  i s  es t imated  t h a t  c u r r e n t  55 mph speed l i m i t ,  if 
i t  a c t u a l l y  reduces maximum speeds t o  60 mph, w i l l  r educ t  f a t a l i t i e s  
by about 12 percent .  

Mela, D.F. A S t a t i s t i c a l  R e l a t i o n  Between Car Weight and I n j u r i e s .  NHTSA, 
DOT/HS 801 629. l o p .  February,  1975, (32476) 

Analyzes of  acc i den t  da ta  f rom New York and Nor th  Ca ro l i na  p o l i c e  
r e p o r t s  t o  o b t a i n  q u a n t i t a t i v e  express ions o f  t h e  r e l a t i o n s h i p s  
between v e h i c l e  weight  and t h e  l i k e l i h o o d  o f  se r i ous  i n j u r y  t o  
t h e  d r i v e r ,  Re la t i onsh ips  were found f o r  two-car crashes, Car 
we igh t  was n o t  g r e a t l y  r e l a t e d  t o  i n j u r y  i n  s i n g l e - v e h i c l e  crashes. 
I n  two-car crashes t h e  1  i k e l  ihood o f  i n j u r y  i s  more dependent upon 
t h e  we igh t  of one 's  own c a r  than  upon t he  d i f f e r e n c e  i n  weight  bewteen 
t h e  two cars .  No o t h e r  v e h i c l e  or c rash  parameters were used as 
c o n t r o l  v a r i a b l e s .  



Mela, D. F. "NHTSA's Evaluation of Air Cushion Restraint System Effect- 
iveness (ACRS) , " Fifth International Technical conference on Experi - 
mental Safety Vehicles, GPO, p p ,  395-403, 1975, (32385) 
Evaluation plans include the s t rat i f icat ion of the A C R S  data into 
severi ty classes, Four means were considered : pol ice descriptors 
(e ,g  . , pre-impact speed) ; economic descriptors (e.g , , do1 la r  damage), 
damage descriptors (e ,g . ,  crush) ; and engineering descriptors (e.g . , 
veloci ty-vector change during impact), Pol ice and economic descriptors 
are judged as inadequate. Engineering descriptors are best b u t  were 
rejected because they are not adequately defined (e .g,  , aggressiveness). 
Engineering methods (recorders or programs) n o t  avai lab1 e in time, 
and these methods are expensive. Use of  the VDI/CDC was selected 
with controls for vehicle structural parameters. 

Moffatt, C . A .  "Computer Reconstruction and Accident Severity." Motor 
Vehicle Coll ision Investigation Symposium, Volume I ; Proceedings. 
Cal span Corporation. p p ,  252-261. August 1976,  (32846) 

Suggests that as an objective measure, crash severity should increase 
as the potential for harm in the accident increases. Delta V i s  a 
rough measure of severity, b u t  better than traveling or impact speed 
because the vehicles need not  be a t  rest  following the impact. I t  
does no t  reflect the abruptness of the deceleration. Equivalent 
stopping distance (Delta S )  i s  the second integral of the acceleration 
pulse, Crash severity i s  a function of Delta V and Delta S .  Vehiclel 
crush i s  a function of relative velocity or closing velocity, n o t  
the absolute velocities. 

Moffatt, E . A .  "Occupant Motion i n  Rollover Collisions." I n  Proceedings 
Nineteenth Conference, American Association for Automotive Medicine, 
AAAM, p p ,  49-59. 1975. ( 33203) 
Crush i t se l f  does n o t  cause injury particularly i n  rollover and 
side impacts. The example of an occupant in a fall ing elevator 
i s  given. The occupant's injury severity i s  related to the 
number of floors the elevator fe l l  and not the crush in the 
elevator sides. 

Mohan, D. , e t  a1 . "Air Bags and Lap/Shoulder Be1 t s  - A Comparison of 
Their Effectiveness in Real-World, Frontal Crashes." I n  Proceedings, 
Twentieth Conference, American Association for Automotive Medicine, 
AAAM, p p ,  315-335, 1976,  (35858) 
Compares front seat occupants us1 ng no restraints , 1 ap-shoulder 
belts,  or a i r  bag restraints i n  frontal collisions. Crash severity 



was c o n t r o l  1  ed f o r  by  s e p a r a t i n g  f r o n t - d i s t r i  bu ted  and f r o n t -  
c o r n e r  damage, The CDC e x t e n t  codes 1  t o  5 were then  used as a 
c r a s h  s e v e r i t y  measure i n  each group.  V e h i c l e  s i z e  was r e s t r i c t e d  
t o  f u l l - s i z e  and l u x u r y  c a r s ,  

N a t i o n a l  Highway T r a f f i c  S a f e t y  A d m i n i s t r a t i o n ,  A  C h a r a c t e r i z a t i o n  o f  
C o l l i s i o n s ,  R e s u l t i n g  Damage, and Occupant I n j u r y ,  NHTSA, 31p. 
August, 1972, ( 1  9481 ) 

Presents  an a n a l y s i s  o f  da ta  from t h e  M D A I ,  Washtenaw County 
(M ich igan) ,  and C o r n e l l  L e v e l - I  f i l e s  i n  terms o f  a c c i d e n t  types,  as 
events,  and areas o f  c o n t a c t .  Impacts a r e  rev iewed i n  terms of  
speed ( i n v e s t i g a t o r  r e p o r t e d )  and damage e x t e n t  (CDC) d i  s t r i  bu- 
t i o n s .  I n j u r i e s  a r e  t a b u l a t e d  i n  terms o f  f o r c e  d i r e c t i o n s ,  area 
damage, source,  and s e v e r i t y .  F i n a l l y ,  i n d i c e s  o f  occupant i n j u r y  
a r e  presented i n  terms o f  c o l l i s i o n  damage. 

N i e d e r e r ,  P., and Walz, F. " S t a b i l i t y  Cons ide ra t ions  i n  t h e  Mathemat ica l  
R e c o n s t r u c t i o n  of T r a f f i c  ~ c c i d e - n t s  . " Mathemat ica l  Model i ng. B io -  
dynamic Response t o  Impact .  S o c i e t y  o f  Automot ive  Engineers ,  
pp.  75-84. October,  1976, (35875) 

Caut ions a g a i n s t  t h e  a r b i t r a r y  use o f  computer ized s i m u l a t i o n  
o f  t r a f f i c  a c c i d e n t s  w i t h o u t  knowing beforehand whether appear ing  
i n s t a b i l i t i e s  a r e  t o l e r a b l e  o r  n o t ,  s i n c e  mot ions  o f  s e v e r a l  i n t e r -  
a c t i n g  bod ies  a r e  prone t o  be h i g h l y  i n s t a b l e ,  meaning1 ess r e s u l t s  
c o u l d  be produced. Two methods a r e  t h e n  i n t r o d u c e d  which a1 low f o r  
an assessment o f  t h e  s t a b i l i t y  o f  a  mo t ion :  c a l c u l a t i n g  a  d i f f e r e n t i a l  
e q u a t i o n  f o r  t h e  v a r i a t i o n s ,  and add ing random p e r t u r b a t i o n s  a t  
each i n t e g r a t i o n  s t e p .  

O'Day, J.,  Car lson,  W.L., Douglass, R.L.9 Kaplan, R.J. S t a t i s t i c a l  
I n f e r e n c e  f rom Mu1 t i d i s c i p l  i n a r y  A c c i d e n t  I n v e s t i g a t i o n .  F i n a l  
Repor t .  UM-HSRI-SA-73-4, DOT-HS-801-111. 237p. August, 1974. 

Uses r e g r e s s i o n  model approach t o  c o n t r o l  1  i n g  f o r  c r a s h  s e v e r i t y  
when comparing i n j u r y  r e d u c t i o n  countermeasures. I t  was found t h a t  
53% o f  t h e  r e d u c t i o n  i n  i n j u r y  f rom c r a s h  c o u l d  be e x p l a i n e d  by 
u s i n g  t h e  C D C / V D I  damage e x t e n t  code, c rash  impact  v e l o c i t y  squared, 
i n d i c a t i o n  o f  w i n d s h i e l d  bond s e p a r a t i o n ,  and occupant e j e c t i o n .  

O ' N e i l l ,  B,, Jokschy H,, and Haddon, W . ,  J r .  " E m p i r i c a l  R e l a t i o n s h i p s  
Between Car S ize ,  Car Weight ,  and Crash I n j u r i e s  i n  Car- to-Car 
Crashes. " F l  f t h  ~ n t e r n a t i o n a l  Techn ica l  con fe rence  on Exper imenta l  
S a f e t y  V e h i c l e s .  Repor t , ,  GPO, pp. 362-368, 1975. (32385 ) 



Develops relat ionships between car s i z e ,  car  weight, and injury 
severi ty in car- to-car crashes from f i e l d  accident data. Increased 
vehicle s i ze  i s  protective while increases i n  weight a re  hos t i l e ,  
indicating the des i rab i l i ty  of large,  1 ightweight vehicles. Vehicle 
s i ze  and intervehicle mass differences were used as predictors. 
S i x  weight classes a re  used. Front-to-front , front-to-side,  and 
front-to-rear were considered separately. Size and weight e f fec t s  
are  n o t  separable i n  the data used, 

Ontario Ministry of Transportation and Communications, Preliminary Report 
on Speed and Accidents. Research and Development Division, Toronto 
(Canada), 45p. August 16, 1974, (32270) 
Speed, par t icular ly  average speed, i s  not necessarily an important 
accident cause. Road conditions , t r a f f i c  volume, speed variance' 
may be more important, Speed i s  an important determinant of acci- 
dent severi ty , 

Owings, R . P . ,  Cantor, C .  Simp1 i f i ed  Analysis of Vehicle Change in 
Momentum During Impact with Breakaway Support. ENSCO Inc. ,  Spring- 
f i e l d ,  Va. 24p. 1976. (53378) 
Presents an analysis of the impact of an automobile with a break- 
away support fo r  a sign or luminaire. This i s  based on vehicle 
change in momentum and plays an important part  in the development 
of rational and practical laboratory methods fo r  tes t ing of break- 

' 

away supports. 

Preston, F . L .  "Interactions of Occupant Age, Vehicle Weight, and the 
Probability of Dying in a Two-Vehicle Crash." Hit-Lab Re o r t s ,  
Volume 5,  Number 1 2 ,  pp .  1-8. August, 1975. -61 ) 

Presents various curves for  probabi 1 i ty  ( f a t a l  i ty/accident) vs . 
age for  various classes of own car weight, two aggregated car 
weight c lasses ,  and two models along with f i t t e d  regression curves. 
Both models a re  fo r  quadratic determinations of occupant age to  
probabil i ty-of- fa ta l  i ty  relat ionship.  Model I assumes that  age 
e f fec t  i s  independent of the e f fec t  of one's  own vehicle weight. 
Model I1 assumes tha t  e f fec t  of the other c a r ' s  weight i s  independent. 

Pudinski , N 7  Accident Changes Under Energy Cr i s i s ;  Report on Accident 
Reduction Variables. California Highway Patrol ,  Sacramento. 11  6 p .  
Ju ly ,  1974 ,  (32268) 

The speed-fatal i ty relat ionship has been analyzed repeatedly, The 
resu l t s  consistently indicate t ha t ,  fo r  upper speed ranges, the 
higher the speed a t  which a coll is ion occurs, the greater  the 1 i kel i -  
hood of fa ta l  i t y  . 



R e i n f u r t ,  D,W., S i l y a ,  C , Z . ,  and S e i l a ,  A . F ,  A S t a t i s t i c a l  A n a l y s i s  of  
Seat Be1 t E f f e c t i v e n e s s  i n  1973-1975 Model Cars I n v o l v e d  i n  Towaway 
Crashes, Volume 1. F i n a l  Report', DOT/HS 802 035. 171p, September, 
1976, (35839) 

Der i ves  s t a n d a r d i z e d  i n j u r y  r a t e s  and s e a t  be1 t e f f e c t i v e n e s s  
measures f r o m  a p robab i  1  i t y  sample of towaway a c c i d e n t s  i n v o l  v i n g  
1973-1 975 model c a r s  i n v e s t i g a t e d  by NHTSA-sponsored teams i n  f i ve 
d i f f e r e n t  geograph ic  r e g i o n s ,  C o n t r o l  v a r i a b l e s  i n c l u d e  c r a s h  con- 
f i g u r a t i o n  (1 0 l e v e l s ) ,  v e h i c l e  damage s e v e r i t y  ( 4  l e v e l s ) ,  v e h i c l e  
w e i g h t  ( 4  l e v e l s ) ,  and occupant age ( 3  l e v e l s ) ,  C o n t r o l l i n g  f o r  
v e h i c l e  damage i s  most i m p o r t a n t ,  w i t h  c r a s h  c o n f i g u r a t i o n  n e x t  i n  
importance,  

R i c h t e r ,  P .  "Nomograms f o r  Impact  C a l c u l a t i o n s .  " Stapp Car Crash Con- 
fe rence ,  11 t h ,  Proceedings.  SAE. pp, 153-1 58. 1967, (04293) 

Presents  nomograms f o r  c a l c u l a t i n g  v e l o c i t i e s ,  moments, and energy 
d i s t r i b u t i o n  based upon mass r a t i o ,  degree o f  e l a s t i c i t y .  D e l t a  E 
i s  d e f i n e d  as t h e  a c t u a l  l o s s  o f  t r a n s l a t o r y  k i n e t i c  energy r e s u l t i n g  
f r o m  impac t .  

R i l e y ,  B.S., and Radley, C.P.  T r a f f i c  Acc iden ts  t o  Cars w i t h  D i r e c t i o n s  
of Impact  f rom t h e  F r o n t  and S ide,  T r a n s p o r t  and Road Research 
L a b o r a t o r y ,  Crowthorne (England).  Repor t  Number: PA 257/76. 18p. 
October,  1976, (36417) 

Gives background da ta  on Grea t  B r i t a i n  t r a f f i c  a c c i d e n t  da ta ,  i n -  
c l  ud ing  o b j e c t  s t r u c k ,  impact  d i r e c t i o n ,  i n j u r i e s ,  f r o n t a l  w i d t h  
o f  c a r  impacted,  Four o v e r l a p  ranges a r e  t a b u l a t e d  by impact  
d i r e c t i o n  and i n j u r y .  V e l o c i t y  changes a r e  n o t  t a b u l a t e d  because 
damage may i n d i c a t e  energy absorbed b u t  does n o t  account  f o r  rebound 
and i s  n o t  s t r a i g h t f o r w a r d  f o r  smal l  o v e r l a p s  and g l a n c i n g  impacts ,  

Robertson,  J.S., McLean, A.J., and Ryan, G.A.  Some F i n d i n g s  i n  t h e  F i r s t  
200 A c c i d e n t s ,  Second Repor t  (Rev ised 1. Adel a i d  Uni  v e r s i  t y  , Depar t -  
ment o f  Patho logy ( A u s t r a l i a ) .  67p. May, 1964, (2781 7 )  

Judges v e h i c l e  damage t o  be i n  one of  f i v e  c a t e g o r i e s :  n i l ,  minor ,  
moderate, severe,  ex t reme ly  severe.  Speed b e f o r e  and on impact  a r e  
a l s o  r e p o r t e d  ( f r o m  an u n i d e n t i f i e d  source ) .  I nc reased  speed p r o -  
duced i n c r e a s e d  v e h i c l e  damage, and i n c r e a s e d  v e h i c l e  damage produced 
inc reased  i n j u r y  1  eve1 s, 

Rosentha l ,  F , ,  e t  a l .  The Mechanics o f  Automobi le  C o l l i s i o n s ,  Naval 
Research Labora to ry ,  Appl i e d  Mechanics Branch, Washington ,D, C .  
AD 743 449. 91p. May, 1972. (1 91 79) 



Treats damage and injury from automobile col l i s ions  as a mechanical 
problem in mitigating the shock from co l l i s ions .  General principles 
of  energy and momentum are  described and applied t o  the co l l i s ion  
problem. Present auto safety work i s  reviewed and vehicle design 
recommendations a re  provided. 

S e i f f e r t ,  U, , and Schwanz, W,  "Performance Matrices of Four Restraint 
systems I " In proceedings, Thi rd International Conference on Occu- 
pant Protection, SAE, New York, p p .  283-297. 1974. (30029) 
Presents a study of the performance of f ive  d i f fe ren t  r e s t r a i n t  systems 
in combination of velocity change, peak decelerat ion,  and pul se  
shape. Also points out tha t  i t  i s  necessary t o  know not only the 
vehicle travel 1 ing speed, b u t  what happened during the impact i t s e l f .  
Therefore, i t  i s  important tha t  while establishing requirements for  
higher t e s t  speeds, we do not depend on concept of EBS alone to  judge 
crash severi ty b u t  give due regard t o  the more deta i led  data of 
crash recorders in the f i e l d  t e s t s .  

Serizawa , Y ,  "Motor-Vehi cl e Accidents in J a ~ a n . "  Fourth International 
'Technical Conference on Experimental safe ty  Vehicles. Report. 
NHTSA, pp. 567-570. 1973. (2931 3 )  

Provides a plot  of vehicle speed vs, accident r a t e .  Source of data 
and accident def in i t ion ( e . g . ,  threshold) are  not provided, 

Smith, R . A . ,  and Moffatt, C . A .  "Accident Experience in Air Bag-Equipped 
Cars. " In Proceedi ngs , Nineteenth Conference of American Association 
fo r  Automotive Medicine, AAAM, p p .  60-79. 1975. (33203) 
Provides a summary of injury and crash sever i ty  fo r  69 air-bag 
deployment accidents.  Both CDC and Delta-V a re  reported. Eleven 
Del ta-V Is were measured by crash recorders. The remainder were 
computed from simple coll  is ion mechanics or from SMAC computer 
runs. Based upon crash recorder data and reconstruction of vehicle 
damage with a f i n i t e  element frame deformation model , three deploy- 
ments have occurred we1 1 below the 1 I -mph ba r r i e r  impact deployment 
threshold claimed by General Motors. A number of possible data 
analysis techniques are  out1 ined. 

Solomon, P . , L ,  The Simulation Model of Automobile Co l l  i s ions  ( S M A C )  
Operator's Manual. NHTSA, Sop ,  October 4 ,  1974. (00000) 
Describes input and output for  SMAC program, including suggested 
parameter val ues. Manual was prepared by NHTSA Accident Investi-  
gation Division for  use by t h e i r  MDAI  f i e l d  accident investigation 



teams, Input data includes vehicle proper t ies ,  c a l c u l a t i ~ n  con- 
s t a n t s ,  i n i t i a l  conditions, and control parameters. The accident 
investigator reruns the program wi th varying input data u n t i  1 the  
output corresponds t o  the co l l i s i on .  (See a l so  Jones and McHenry). 

Sorewon, W . W . ,  Gardner, R , E , ,  and Cassassa, J , ,  11, Patterns of Automobile 
Crash Damage, SAE 740065, 22p, 1974, (29646) 

Presents an analysis  of 15,000 repair  estimates on  1973 model pas- 
senger c a r s ,  Among the f indings presented a r e  d i s t r ibu t ion  of 
impact points about the ca r ,  d i s t r ibu t ion  of repai r  co s t ,  r epa i r  
and replacement frequencies of ce r ta in  components, and an analysis  
of repai r  by component assembly. 

S ta f f i  e ld ,  S .  E .  "Structural Model ing and Coll i s ion Reconstruction - An 
A1 ternat ive ."  In Volume I :  Proceedings, Motor Vehicle Collision 
Investigation Symposiun.~ DOT/HS 801 979, p p ,  362-380, August, 
1976, (35846) 

Presents a more deta i led  model of SMAC co l l i s ion  reconstruction 
program ( f o r  a 7975 Chrysler standard s i z e  c a r ) ,  The deta i led  
model has been developed from experimental data and FORTRAN sub- 
routines t ha t  make an evaluation possible with only minor changes 
to  the SMAC. I t  provides a method fo r  easy generation of deta i led  
intrusion pressure functions spec i f i ca l ly  ta i lored to  crush 
propert ies of 1975 Chrysler standard s i z e  car .  Same technique 
used t o  develop Chrysler model, can eas i ly  be extended t o  other 
vehicle types. 

Strassenburg, A . A . ,  Impeduglia, G .  Automobile Col l i s ions;  A Module 
on Energy and Momentum. New York S ta te  University , Binghamton, 
90p. 1974. (321 43) 
An elementary primer on the physical laws describing conservation 
of momentum and energy, with i l l u s t r a t i o n s  taken from automobile 
safe ty  appl ica t ions  . 

Waydick, J.N. Traff ic  Ki l lers  - Speed vs. Tra f f i c  Volume or Miles Driven, 
Comparing 1973-1 974 Accident, Speed, and Mi 1 eage Trends on Wisconsin 
Highways, Wisconsin Department of Transportation, Office of Pol icy 
Research and Pub1 i c  Information, Madison. 13p. 1975. (34361 ) 
Says tha t  analysis of data shows no corre la t ion between urban fa ta l  
accident experience and vehicle mi 1 es travel  1 ed. Differences experi- 
enced i n  t r a f f i c  volumes and miles travel  led had 1 i t t l e  impact on  
f a ta l  accident experience. On the other hand, rural f a ta l  accident 
experience has shown a corre la t ion w i t h  the changes in average speeds. 



Nil son, J ,  F. "Two-Vehicle Reconstruction: A Rational , Com~uter-Aided 
~p~roach. " Vehicle System Dynamics. Vol . 2, No. . 4 .  bp. 205-223. 
December 1973. (51 650) 

Presents method for predicting either initial speeds or impact 
locations for two inelastic vehicles on a collision course, Forty 
system parameters are distinguished, of which up to 35 can be deduced 
from post-collision data, e.g., crush, mass, moment of inertia, 
impact vectors. The analysis i s  based upon plastic impact deformation 
energies and the frictlon work a1 ong the post-impact trajectories. 

Wilson, R.A., Savage, C.M. "Restraint System Effectiveness - A Study 
of Fatal ~ccidents. " In proceeding;, Automotive Safety ~ngineering 
Seminar, General Motors Corporation, pp. 27-38, 1973. (28833) 

Estimates the ability of restraint systems to mitigate injury by 
using 706 fatalities. Each case is judged on an individual basis 
in terms of intrusion, crash severity (frontal barrier equivalent 
mph), interior loose objects, and several occupant parameters. 
No measures of intrusion or crash severity are provided. 



SECTION 3 

CRASHWORTH I NESS 

This section includes ci tat ions on vehicle impact test ing 

(actual and simulated) and on overall vehicle and structural crash- 

worthiness. These reports often consider human tolerance and occu- 

pant kinematics and therefore tend t o  overlap the subject of 

biomechanics presented in Section 4 .  

The 53 c i ta t ions  are primarily concerned with crash energy 

management (by the vehicle) and passenger compartment col 1 apse as 

related t o  the trauma sustained by the vehicle occupants, i . e . ,  

occupant crash-protection. There are several measures of a vehicle's 

impact response. Their relat ive importance i s  a function of occu- 

pant parameters, e .g . ,  res t ra in t  usage. Velocity change i s  impor- 

t a n t  for the unrestrained occupant, while impact duration i s  
important for the restrained occupant. 

Other concerns expressed incl ude vehicle aggressiveness or 

vehicle compatibility (e f fec t  of subject vehicle on other vehicles) ,  , 

and appropriate t e s t  c r i t e r i a .  Results from control led crash t es t s  
( f u l l  -scale and model) and computer simulations are covered. 



Aasberg, A., Larsen, L.S. , and Runberger, S. From Exper imental  t o  Produc t ion  
Sa fe ty  Vehic les .  Vol vo Company, Goteborg. 25 p. October, 1976. 

(36400) 

Asser ts  t h a t  r educ t i on  o f  the  f r o n t a l  c rash deformat ion f o r c e  l e v e l  
r equ i r es  1 ow-force 1 eve1 , 1 ong-deformabi 1 i ty, and energy-absorbi ng 
f r o n t  p a r t  o f  t h e  veh i c l e .  

A1 f a  Romeo. Non-symmetrical F ron t  Impact Against  B a r r i e r  Ana lys is  o f  
t he  Behaviour o f  t h e  D i f f e ren t  Car Models and Consequences t o  t h e  
Occupants. A l fa  Romeo, M i lan .  27 p. October, 1976. (36407) 

Discusses reasons f o r  us ing  non-symmetrical impact t e s t s .  The 
abso lu te  m a j o r i t y  of c a r  occupants casual  t i e s  i n  f r o n t a l  impacts 
a re  r e l a t e d  t o  non-symmetrical impacts. The F i f t h  ESV Conference 
has a l ready  proposed t h a t  f o r  f u t u r e  s a f e t y  r e g u l a t i o n ,  a non- 
symmetrical t e s t  as f r o n t a l  impact aga ins t  b a r r i e r  be chosen. 
Because o f  t he  above, A1 f a  Romeo conducted s i x  comparat ive s y m e t r i  c a l  
and non-symmetrical t e s t s  aga ins t  b a r r i e r s .  It was found t h a t  
(1  ) The compartment mot ion components t h a t  cause occupant s t resses 
a re  t h e  same i n  symmetrical and non-symmetrical impacts. The bas ic  
dece le ra t i on  d i r e c t i o n  o f  the  compartment i s  s t r a i g h t  and l o n g i t u d -  
i n a l  ; (2 )  Independent ly o f  the  t e s t  type, t he  s e v e r i t y  c l a s s i f i c a t i o n s  
between c a r  models remain unchanged; ( 3 )  t h e  compartment dece le ra t i on  
l e v e l s  i n  t h e  non-symmetrical t e s t s  a r e  lower  than i n  t h e  symmetrical 
t e s t s .  

Appel, H., and Tomas, J. The Energy Management S t r u c t u r e  f o r  t h e  Volks- 
wagen ESV. SAE 730078. 21 p. 1973. (27249) 

Considers two aspects o f  v e h i c l e  design s t ruc tu re - - "occupan t  crash- 
p r o t e c t i o n "  and "aggressivenessN--to improve crashworthiness. 
These two aspects a re  opposed i n  t h e i r  e f f e c t s ;  any measure t h a t  
increases occupant crash p r o t e c t i o n  a l s o  increases aggressiveness 
o f  the  ca r ,  and v i ce  versa. A v e h i c l e  f o r  n e a r l y  per fec t  occu- 
pant  p r o t e c t i o n  w i l l  be a very  se r ious  danger f o r  sma l le r  ca rs .  

Appleby, M.R . ,  and Mor r i s ,  A.G.R.  Automobile Damageabil i t y  and Insurance 
Costs. SAE 740305. 1 l p .  1974. (29661 ) 

Deals w i t h  damageabi l i ty  r e s u l t i n g  f rom low-speed c o l l i s i o n s  ( l e s s  
than 10 mph. ) .  Data from crash t e s t s  f o r  model years  1969-1972 
show t h a t  manufacturers a re  b u i l d i n g  more robus t  veh i c l es .  1973 
model veh ic les  w i l l  i n c u r  lower r e p a i r  cos ts  as a r e s u l t  o f  low- 
speed c o l  1 i s i o n s .  Real -1 i f e  data suggest t h a t  b e n e f i t s  w i  11 accrue 
t o  consumers. 



Bekiroglu, H. A Laboratory Approach to Automobile Crash Experiments. 
SAE 760798. 5p. 1976. (36007) 

Uses rigid-body impact theory to study side impacts. Above 
certain speeds, the collision is essentially plastic, i .e., coef- 
ficient of restitution is practically zero. Coefficient of friction 
between vehicles was approximately 0.4. Compression velocity is 
the velocity component in the direction of compression. Double 
integration of accel eration-time crash data was used to determine 
relative displacements and resultant crush characteristics. 

Bozich, D. J. Research in Crashworthiness of Vehicle Structures. Volume 
I of V.. Wyle Laboratories, Huntsville, Alabama. DOT/HS 800 019. 
82 p. March, 1968. (071 38) 

Describes criteria for crashworthiness indices. With an increase 
in impact velocity, the probability of a survivable structured 
collapse decreases, since the capability of the vehicle structure 
to absorb energy is soon reached, reducing the probability of 
occupant survival. To conduct a meaningful program aimed at improving 
overall structural crashworthi ness , a means of measuring crashworthi - 
ness i s  essential. Two simple indices of crashworthiness could be 
(1 ) the degree of passenger compartment coll apse under standard 
crush conditions ; and (2) the 1 eve1 s of deceleration experienced 
by restrained occupants during the crash. These indices reflect 
the influence the structural considerations . Further Crashworthi ness 
inidces can be establ ished for (1) damage sustained by each structured 
zone; (2) injuries sustained by the occupants; and (3) the distortion 
and damage incurred by the interior seat, restraint, and second 
coll ision system. These indices would reflect damage, injury (or 
survivabi 1 i ty) and environment severities over discrete severity 
levels of, say, 0, I ,  ..., 10. Crashworthiness would then be a 
function of these indices and their associated probabilities or 
utilities. 

Carr , R. W. Automobi 1 e Consumer Informati on Study Crash Test Program. 
Volume I. Summary Report. Final Report. Dynamic Science, Phoenix, 
Arizona. DOTIHS 801 -875. 26p. Apri 1 , 1976. (34273) 

Reviews the crash test results and after examining the predicted 
and measured data, concludes that (1 ) in general , the vehicle 
model is a better predictor than an occupant model; (2) the tests 
for crashworthiness should be different from the tests for damage 
susceptibility since the variation in damage parameters occurs 
over a lower range of speeds than the variation in crashworthiness 
parameters; (3) vehicle response should be measured for all tests, 
but occupant response should only be measured for the crashworthiness 
tests; (4) the crashworthiness tests should be primarily frontal 
impacts with one impact at an EBS greater than 30 mph. but less 



than 35 mph; and ( 5 )  the overall correlations between crash t e s t  
data and predictive data are n o t  sufficient t o  warrant use of 
analytical models a t  this  time to provide data for establishing 
damage suscepti bi 1 i ty or crashworthi ness rating. 

Danner , M .  , and Langweider , K .  "The Frequency of Corresponding Vehicle 
Damage in Crash Tests and Actual Accidents. " Fifth International 
Technical Conference on Experimental Safety Vehicles. Report. 
GPO, p p .  421-426. 1975. (32385) 

Points o u t  that present ESV crash tes t s  can reproduce some 20 t o  
25 percent of actual accidents w i t h  injuries to occupants (mainly 
head-on tes t s  against a fixed barrier and pole). Damage categories 
that occur most frequently in real l i f e  ( i  . e . ,  angled head-on 
coll isions with over1apping)are not taken into account in the ESV 
crash t e s t  programs. Damage category B (one-sided over1 appi ng in 
non-angl ed head-on col 1 i sions with 78 percent proportion of actual 
accidents) cannot be demonstrated by present ESV t e s t s .  

Davis, S .  Application of the Shock Response Spectrum to Some Automotive 
Crashworthiness Problems. SAE 720071. I l p .  1972. (1 6840) 
Uses the shock response spectrum approach to show that there i s  
no best deceleration pulse for frontal barrier impact, b u t  that 
in the 8-12 Hz frequency range of current restraint  systems, the 
idealized square wave does appear to offer significant reduction ' 

i n  peak deceleration response for fully restrained occupants. 

Davis, S ,  and Carr, R.W. Vehicle Damage and Crashworthiness Data for 
1973 Intermediate-Size Cars. SAE 750922. 9 p .  1975. (32986) 
Presents graphs for barrier impact speed vs. occupant head HIC 
response, occupant chest SI, and occupant femur load for f ront ,  
rear,  and side impacts. 

Dynamic Science. AMF and Fiat ESVs - Vehicle-to-Vehicl e Impact Tests. 
Final Report. Dynamic Science, Phoenix, DOT/HS 800 981. 1 2 6 p .  
November, 1973. (28846) 
Representative of a number of similar studies involving different 
vehicles. For different kind of t es t s  ( i  . e . ,  front-to-front, 
front-to-rear, e tc .  ) , the following measurements were noted: 
impact speed, vehicle t e s t  weight, s t a t i c  and dynamic crush, 
average deceleration, force, pre-impact energy, theoretical 
maximum energy absorbed, conservatively estimated 1 imits of per- 
cent energy absorbed, force def 1 ecti  on characteristics , a n d  time- 
di splacement curves. 



Emmerson, E.C., Fowler, J . E .  "Simulation of Frontal Vehicle Impacts." 
Vehicle Safet-y Legislation - I t s  Enqineerinq and Social Imp1 ications. 
Discussion Volume. Mechanical Engineering Pub1 icat ions,  L t d .  
pp .  125-134. 1975. (33685) 

Asserts that  good correlation between predicted and measured 
results  makes possible an accurate assessment of the frontal impact 
problem using computer siniulation technique. Accuracy of prediction 
i s  largely due t o  selection of a model which adequately describes 
the vehicle configuration and use of r e a l i s t i c  s t i f fness  character- 
i s t i c s  which were determined experimentally. Computer simulation 
can be of great help in assessing the effects  of proposed changes 
a t  an early stage in vehicle development. Comparisons of predicted 
and actual resul ts  were based on s t a t i c  crush measurements and pas- 
senger compartment accel era t  ion. 

Fi scher, R . G .  "Occupant Protection in Car-to-Car Impact. " International 
Technical Conference on Experimental Safety Vehicles, Fourth. NHTSA 
pp. 579-585. 1973. (2931 3) 

Investigates the occupant and the vehicle as an integrated system 
in order t o  describe performance in real crashes. Barrier impact 
performance i s  intended t o  approximate car-to-car conditions. 
Considers vehicles of equal barrier  performance b u t  different  masses, 
and vehicles of different  barrier  deceleration characterist ics b u t  
equal crush and mass. Plots of occupant velocity vs. time are pro- 
vided for occupant without ca r ,  with s t i f f  car ( 2 7  g square wave) , 

and with sof t  car (17 g square wave). A car-to-car impact model 
calculates vehicle velocity, displacement, crush, potential energy, 
barrier forces, mutual and individual car-to-car impact character- 
i s t i c s ,  and chest severity index. Input i s  the barrier  deceleration 
time history of the vehicle and i t s  s a s s ,  Occupant deceleration i s  
input as a square wave deceleration. Plots of chest severity index, 
occupant-to-car impact velocity , vehicle crush, and vehicle rebound 
are plotted by vehicle mass ra t io .  (See also Fischer, 1974). 

Fischer, R . G .  Occupant Protection in Car-to-Car Impacts. SAE 74031 6 .  
8p. 1974. (29718) 

Deals with the compatibility o f  vehicles with di f ferent  g - t  
characterist ics,  based on occupant severity. The technique ranks 
the vehicles tested in an inverse order of average severity index 
for occupant spacings tested (highest number i s  lowest S I ) .  These 
rankings are arranged into matrix form, and the rank of any vehicle 
impacting another vehicle, including i t s e l f  (barr ier  equivalent 
equal 30 mph) can be determined. This ranking i s  l i t t l e  affected 
by occupant spacing. Vehicle t o  barrier acceleration time wave shape 
has an effect  on SI  in car-to-car crashes. Square wave acceleration 
time wave shape tends t o  be the most compatible with others studied. 
Graphs include crush ra t io  vs. mass ra t io ,  occupant velocity and 
severity vs . mass r a t i o ,  and several time/veloci ty curves. 



Friedman, D. "Development of Advanced Deployable Restraints and Interiors." 
Vehicle Safety Research Intesration Symposium, NHTSA, p p .  55-68. 1973. 

(29301 ) 
Presents various graphs for deflection vs. force, displacement 
vs. deceleration, and in i t ia l  velocity vs. deceleration for 
frontal and obl ique impacts. 

Greene, J .E. "Computer Simulation of Car-to-Car Coll isions. " International 
Automobile Engineerinq Conqress, Society of Automotive Engineers, 
I lp .  March 1977. (36545) 
Presents a 1 umped mass, resis t ive element model ing approach to  
computerized car-to-car coll ision simulation. A1 so presents graphs 
and compares simulation and t e s t  data: time vs. acceleration, . 
velocity, and displacement for head-on coll isions, f l a t  barrier 
impacts, front-to-side impacts, and front-to-rear impacts. 

Gross, L. "Mathematical Model of Vehicle Safety Deformation Under Impact 
Design for Safety." Journal o f  Engineering for Industry, Volume 94, 
Number 4, p p .  967. November, 1972.  (27258) 
Finds that under impact, when the velocity i s  reduced from i t s  
i n i t i a l  value Vo t o  zero over a very short period of time, the 
deceleration a ,  and i t s  rate of increase i (the principal parameters 
determining the survival of occupants) are dictated by the length 
of the vehicle deformation and by i t s  dynamic process. The model 
i s  a = Kt . Constants K and n depend on the design of the vehicle 
deformation and on deformation conditions. The basic concept i s  
"safety deformation" of the vehicle body, i . e . ,  absorption of the 
impact energy without detriment t o  the driver and passenger space. 
This i s  conditional on an adequate deformation length and suitable 
time pattern, so that a and i does not exceed the limit within 
which death or serious injury can be avoided. The limits are not 
easy t o  define. 

Herri dge, J .T. ,  and Mitchell, R . K .  In i t ia l  Crash Screening Studies 
Utilizing the NHTSA/BCL Computer Simulation Program for Coll inear 
Car/Car and Car/Barrier Coll isions. Final Report. NHTSA, Washing 
D . C .  DOT/HS 800 730. 182p. August 31, 1972 .  ( 1  961 8)  

Asserts that the FMCCM Program i s  very effective for screening 
candidate full-scale crash tests  and i s  a convenient aid when i t  
i s  necessary t o  assess probable performance of vehicles equipped 
wi t h  a highly-veloci ty-sensi tive energy management system. When 
highly-veloci ty-sensi t ive energy absorbers are involved, i t  i s  
d i f f icu l t  t o  establish a truly equivalent fixed barrier t e s t  which 
can be substituted for a given moving barrier t e s t .  Velocity- 

ton, 



sensit ive bumper systems such as those used on the AMF and 
Fairchild ESV Prototypes are a n  effective means of providing 
b o t h  good fixed barrier crashworthiness performance and reduced 
aggressivi ty . 

Herridge, J .T. ,  and Mitchell, R. K. Development of a Computer Simulation 
Program for Coll inear Car/Car and Car/Barrier Col 1 isions. ASME 
73- ICT-34. 16p. 1973. (28620) 

Finds that  the FMCCM (Four Mass Per Car Collinear Collision Model) 
Program i s  a useful tool for  predicting complex interactions of 
current experimental and production vehicle energy management systems 
in car/car and car/barrier  coll is ions.  

Higuchi, K. "Characteristics of Body Energy Absorption and Restraint 
System." Fifth International ~ e c h n i c i i  conference on Experimental 
Safety Vehicles. Report. GPO, p p .  796-800. 1975. (32385) 

Studies the effect  of the vehicle crush characterist ics and ELR 
locking time on HIC of occupants with the help of computer simu- 
la t ion.  Among various crush pulses, a square wave i s  suited most 
to  small vehicles. High frequency components in excess of 50 Hz 
frequency t o  be superimposed on a crash pulse have 1 i t t l e  ef fect  
on HIC. I t  i s  important for  a crash pulse t o  have a good r i s e  in 
the beginning for u t i l iza t ion of the r ide down e f fec t .  With respect 
to  E L R  locking time, "the quicker the better" i s  t rue ,  however, 
the "bet ter"  the i n i t i a l  r i s e  a crash pulse has, the quicker the 
locking time i s  required t o  be. 

Hofferberth, J . E .  "Vehicle Crashworthiness. " In Proceedings, National 
Conference on Highway Traffic Optimization for the 1980's. University 
of Tennessee, p p .  143-150. 1973. (31 575) 

Finds that  stopping distances are important for  controlling crash 
forces. The shorter the stop,  the less distance one has to work 
with, the higher the G level .  Also, t o  prevent injury a t  a given 
force level ,  i t  should be spread as evenly as possible. Short 
stops require high forces, high forces require broad load dis t r ibut ion,  
t o  be tolerable. 

Hofferberth, J .  E .  , and Tomassoni , J .  E .  "A  Study of Structural and 
Restraint Requirements for  Automobile Crash Survival . "  In 
Proceedings, Third International Concress on Automotive Safety. 
Volume 11. GPO. 88p. 1974. (30080) 



Asserts that the crash response characteristics of an automobile 
structure have a direct influence on the probability that the 
occupants of the vehicle will survive a crash and on the chances 
of survival for the occupants of another vehicle structure,  
relatively minor adjustment of the engine location, and downward 
deflection of the engine to provide more stopping distance, appear 
to have a significant influence on the probability for survival 
in single vehicle and car-to-car frontal crashes. These changes 
take the form of expansions or reductions in the ''zones of com- 
pat ibi l i ty"  wherein survival i s  possible in one or both vehicles 
throughout ranges of crash speed, vehicl e size and mass combinations. 

Holnes, B.S., Gran, J.K,,  Colton, J.D. "Developing a New Vehicle 
Structure with Scale Model ing Techniques. " '  ~easurement and Pre- 
diction of Structural and Biodynami c Crash- Impact Response. New- 
York, ASME, p p .  17-32. 1976.  (36525) 

Discusses the use of scale model experiments in developing crash- 
worthy structure for a new research safety vehicle (RSV), which 
resulted in considerable saving in time and money. Scale model 
experiments were also used t o  evaluate major design modifications 
w i t h o u t  risking expensive full-scale vehicles. 

Kajio, Y . ,  and Hagiwara, I .  Non-Linear Analysis of Car Body Structure. 
SAE 760022. I l p .  1976. (33769) 

Develops a non-1 inear program for a framed structure and applies 
the same t o  the analysis of an actual automobile body. I t  was 
found that in a s t a t i c  analysis, the maximum load of the structure 
can be determined, although i t  i s  d i f f icu l t  t o  simulate ent i re  
process of deformation of the car body accurately. This enables 
the effectiveness of the component members t o  be examined in the 
design stage. An estimation of the acceleration of the body under 
impact imposition i s  enabled by dynamic analysis. 

Kamal, M.M. "Analysis and Simulation of Vehicle to  Barrier Impact." 
1n 1970 1nteGational Automobile Safety Conference Compendium, 
SAE, p p .  940-945. 1970. (13115) 

Develops an analytic experimental technique which can predict 
barrier performance using three new tools. ( 1 )  Computer simu- 
lation program of barrier impact which requires as i n p u t  the 
s t a t i c  crush characteristics o f  eight tone structural components. 
( 2 )  Vehicle Component Crusher. ( 3 )  Mathematical model repre- 
senting a f i r s t  approximation o f  the Passenger Compartment, valid 
i n  the elast ic  range. Combined system provides the means for a 
better understanding of barrier impact and  development of improved 
crashworthiness. 



Krupka, R . M . ,  and Krueger, A . B .  Vehicle t o  Vehicle Coll isions Utilizing 
Energy Absorbing Units. SAE 750110. 15p. 1975. (31 735) 

Investigates the poss ibi l i ty  of u t i l iz ing shock absorbers t o  
decrease the aggresivi ty of a large car towards a small car a t  an 
impact speed of 40 mph. There was a def in i te  decreased aggresivity 
of the larger car. Increase of shock stroke did cause the larger 
car to be crushed more in car-to-car col l i s ions .  However, th i s  
occurred a t  speeds below 25 mph,  n o t  a t  40 mph. 

Lim, G . G .  Crash Data Analysis. SAE 720496. 18p. 1972. (1  7981 ) 

Develops an a l ternate  approach t o  extensive tes t ing,  a technique 
to  predict the vehicle collapse velocity and deceleration h i s t ~ r i e s  
with minimum of test ing by using the Polynomial Approximation tech- 
nique and the Mu1 t i p l e  Curve Interpolation technique. 

Lin, K.H., Kamal, M . M . ,  and Justusson, J.W. Effect of Vehicle Mix on 
Two-Car Head-on Impact. General Motors Corporation, Research Lab- 
ora tor ies ,  Report No. GMR-1676. 54p. August 13, 1974. (33593) 

Presents a mathematical model t o  compare the dynamic response 
(acceleration , velocity and crush) of two dissimilar cars (d i f -  
fering in weight and crush character is t ics)  when they impact 
each other head-on. Five points are made: (1 ) for  a given 
pair of vehicles, the deceleration history depends on closing speed, 
no t  on the i r  absolute veloci t ies ,  ( 2 )  duration of impact i s  f a i r l y  
insensit ive t o  impact speed; ( 3 )  head-on impact of two cars which 
are n o t  identical resul ts  in a bumper-level crush distance generally 
d i f ferent  from sheet metal crush. The magnitude and sign of th i s  
difference can vary as a function of closing speed; ( 4 )  due t o  
nonlinearity of vehicle crush character is t ics ,  the fract ion of 
total  energy dissipated by each car varies as a function of thei r  
closing speed; ( 5 )  i t  has no t  been possible to  re la te  mathematically, 
with a high degree of accuracy, the vehicle frontal crush w i t h  
occupant survivabi 1 i ty  or injury scal e .  

Lowe, W.T., Al-Hassani, S.T.S., and Johnson, W. "Im~act  Behavior of 
Small - ~ c a l  e Model - ~ o t o r  coaches. " ~ourna l  of ~utomotive Engineering, 
Volume 3 ,  Number 1 , p p .  19-26. January, 1972. ( 50602) 

Says that  one measure of crashworthiness of a vehicle i s  i t s  
ab i l i t y  t o  collapse in a controlled fashion a t  a level of retard- 
ation compatible with occupant safety. Since motor coach i s  
basically tubular i n  construction, i t  lends i t s e l f  to  simpler 
"tube" analysis. A 1 1  the models, when axial ly compressed were 
found t o  crumple, however, a d i s t inc t  difference in the nature 



o f  t h e  crumpl ing was found between s t a t i c  and dynamic load ing .  
Whtn s t a t i c a l l y  loaded t h e  models were found t o  buck le  a t  any 
p o i n t  a long  t h e i r  1  ength. When dynamica l l y  loaded, t h e  d e f o r -  
mat ion  was c o n f i n e d  m a i n l y  t o  t h e  impacted end o f  t h e  model. 

M a r t i n ,  D.E., and K r o e l l ,  C.K. Veh ic le  Crush and Occupant Behav ior .  
SAE 670034. 42p. January, 1967. (00676) 

Presents t h e  f i n d i n g s  o f  an a n a l y t i c a l  s tudy  o f  r i g h t  ang le  
b a r r i e r  crashes conducted t o  eva lua te  t h e  i n f l  uence o f  v e h i c l e  
crush d is tance ,  occupant spacing, and i n t e r i o r  c rush  s t i f f n e s s  
on t h e  s e v e r i t y  o f  occupant t o  i n t e r i o r  impact,  w i t h  p a r t i c u l a r  
a t t e n t i o n  t o  t h e  i n f l u e n c e  o f  t h e  v e h i c l e  d e c e l e r a t i o n - t i m e  h i s t o r y  
wave shape. I n j u r y  i s  dependent on v e h i c l e  s topp ing  d i s t a n c e  
( c r u s h ) ,  occupant spacing,  and the  c rush  behav ior  o f  t h e  i n t e r i o r  
s u r f a c e  s t r u c k  by t h e  occupant. The average "g" l o a d  t h a t  a  con- 
v e n t i o n a l  v e h i c l e  exper iences i s  dependent on impact v e l o c i t y ,  
i .e., peak frame d e c e l e r a t i o n  decreases w i t h  impact v e l o c i t y .  

Matsu i ,  S.  AMethod  o f  

ment, H i r o s h i  Nohsho, 17p. October 14, 1976. 

In t roduces  RD Index (Residual  Deforma t i o n )  as a  measure o f  e s t i m a t i n g  
t o  what e x t e n t  t h e  c a r  body a f f e c t s  occupant p r o t e c t i o n  i n  a  v e h i c l e  
c o l l i s i o n .  T h i s  RD can be e a s i l y  determined f rom c rash  s t r o k e - t i m e  
curve and v e h i c l e  body. The use o f  RD index p e r m i t s  t h e  r e l a t i o n s h i p  
between t h e  v e h i c l e  f r o n t - e n d  c h a r a c t e r i s t i c s  and t h e  maximum 
occupant G t o  be d e f i n i t e l y  arranged. As v e h i c l e  RD increases,  
t h e  maximum occupant G decreases. RD can be ob ta ined  f rom t h e  
v e h i c l e  s t r o k e - t i m e  curve by a  ve ry  s imp le  procedure.  

Matthews, H., e t  a l .  C h a r a c t e r i z a t i o n  o f  Veh ic le  D e c e l e r a t i o n  Time 
H i s t o r i e s  i n  t h e  Ana lys is  o f  Impact Dynamics. SAE 770013. 8p. 
1977. (36547) 

Develops a  techn ique based on po lynomia l  and F o u r i e r - t y p e  s e r i e s  
approx imat ions,  goodness o f  f i t  c r i t e r i a  r e l a t e d  t o  b o t h  1  e a s t  
squared e r r o r  and s a t i s f a c t i o n  o f  boundary c o n d i t i o n ;  t o  con- 
s t r u c t  v e h i c l e  d e c e l e r a t i o n  h i s t o r y  which i s  s i m p l e r  than i t s  
a c t u a l  t i m e  h i s t o r y .  Wi th  t h i s  method, as few as f o u r  parameters 
a re  adequate t o  desc r ibe  t h e  p r imary  e f f e c t s  o f  complex v e h i c l e  
d e c e l e r a t i o n  t i m e  h i s t o r i e s  as they  i n f  1 uence occupant dynamics. 

M i l l e r ,  P.M. ,  Mayor, R . P .  Basic Research i n  Automobi le Crashworthiness.  
F i n a l  Technica l  R e ~ o r t .  CAL Report  No. YB-2684-V-6. 130 9 .  
November, 1969. (14945) 



Presents a summary of the results from nineteen fu l l  -scale crash 
t e s t s .  Experiments primarily attempted to demonstrate possible 
changes in structural performance by making modifications for 
frontal and side impact. Four modifications concepts were con- 
sidered--engine deflection, forward structure modification, rear 
engine vehicle, and side impact modification concepts. I t  was 
found that  a significant improvement in the capability of the 
structure to dissipate energy in a controlled manner in front and 
side collision i s  possible, I t  was also found that for a given 
impact velocity a decrease in the vehicle collapse distance can 
be produced without significantly increasing the peak values for  
the compartment deceleration. Forward structure modification 
concept requires structural changes that  could be readily incor- 
porated into conventional vehicle designs, while engine deflection 
and rear engine concepts required extensive changes. 

Miller, P.M. Basic Research in Crashworthiness I1 - Sumary Final 
Report. CALSPAN Corporation. DOT/HS 800 887. 1 62 p . 1973. 

(28451 ) 

Summarizes the major findings of the three-year research program. 
The program was directed towards development of a crashworthy 
vehicle design to  provide protection during front ,  side,  and 
rollover coll isions.  I t  was observed t h a t  structural modification 
could reduce passenger compartment intrusions, b u t  maximum 
decelerations were largely unchanged. Analog/digital data 
acquisition and reduction system was a1 so developed. A1 so, 
analytical methods for analyzing frame structures undergoing 
dynamic impact with fixed objects were developed for b o t h  two- 
and three-dimensional structures.  Performance of precise experi - 
ments proved the existence of reasonable correlation between 
experimental and analytical resul t s .  Of particular interest  are 
the base1 i ne crash t e s t s  conducted prior t o  vehicle modification. 
These t e s t s  provide time-decel eration histories and force deflection 
curves for 1 uxury ( fu l l  s i ze )  , compact, and  subcompact cars for 
several types of impact, e .g . ,  front-object, front-side,  front-front. 

Naab, K . N .  Basic Research in Crashworthiness I1 - Low-Speed Impact 
Tests of Modified Vehicles . Interim Technical Report. CALSPAN 
Corporation, Buffalo, N . Y .  Report No. CAL YB-2987-V-17, DOTIHS 
800 860. 92p .  May, 1973. 

For adequate energy management, the frame members and forward 
section of a number of conventional vehicles were redesigned and 
strengthened. These vehicles, which were structurally modified 
t o  improve their  high-speed crash performance, were tested in 
frontal impacts. I t  was concluded that there are essentially no 
differences i n  occupant acceleration between occupants of the 



M o d i f i e d  and convent iona l  v e h i c l e s .  A lso  t h e  data  f rom t h e  two 
d r i v e r  p o s i t i o n  dummies o f  t h e  m o d i f i e d  ca rs  f e l l  w e l l  w i t h i n  t h e  
envelope o f  t h e  r i g h t  f r o n t  passenger data, i n d i c a t i n g  t h a t  t h e  
two sea t  p o s i t i o n s  were comparable w i t h  regard  t o  a c c e l e r a t i o n  
exposure. I t  was a l s o  observed t h a t  t h e  s i z e  v a r i a t i o n s  o f  t h e  
va r ious  m o d i f i e d  v e h i c l e  produced no c o n s i s t e n t  d i f f e r e n c e s  i n  
occupant responses, 

O I N e i l l ,  J .F. "Mu1 t i p l e x i n g  Takes t h e  Measures o f  Crashes." Ins t ruments  
and Con t ro l  Systems, Volume 47, Number 4, pp. 41 -44. A p r i  1  , 1974. 

(33005) 

P o i n t s  o u t  t h a t  de te rm ina t ion  o f  s e v e r i t y  o f  s t r a i n s  on t h e  occu- 
pant  d u r i n g  a  crash r e q u i r e s  minimum o f  e i g h t  t e s t  p o i n t s  f o r  
each passenger: 3 accelerometers t o  measure yaw, p i t c h ,  and r o l l  
o f  chest ;  3  d e t e c t i n g  s i m i l a r  mot ions o f  t h e  head; and a  femur 
force guage on each l e g  t o  measure upward t h r u s t .  

Park, K. C .  "Formula t ion,  S o l u t i o n  S t r a t e g i e s  and Computer Imp1 ementat ion 
o f  S t r u c t u r a l  Crash S imu la t ion .  " Measurement and P r e d i c t i o n  of 
S t r u c t u r a l  and Biodynamic Crash- Impact Response, ASME, pp, 49-62. 
1976. (36525) 

Reviews e x i s t i n g  computer s i m u l a t i o n  programs and t h e  development 
o f  a  new s i m u l a t i o n  model. 

Renaul t, "Doubts About Car C o l l  i s i o n  Tes t . "  New S c i e n t i s t ,  Volume 65, 
Number 933, p. 204. January, 1975. (33983) 

Asser ts  t h a t  t h e  present  standard b a r r i e r  t e s t  g i ves  a  gross over-  
es t ima te  o f  t h e  s e v e r i t y  o f  i n j u r i e s  i n  c o l l i s i o n s .  I n  a  head-on 
c o l l i s i o n ,  t h e  s t i f f n e s s  o f  t h e  whole o f  t h e  f r o n t  i s  a v a i l a b l e  t o  
r e s i s t  t h e  c rush ing  f o r c e .  The d e c e l e r a t i o n  s u f f e r e d  by c a r  occu- 
pants i s  thus severe. I n  60' o b l i q u e  crash, however, t h e  c a r ' s  
f r o n t  i s  e f f e c t i v e l y  much "SOFTER" and so crushes more e a s i l y ,  
thus reduc ing  decel e r a t i o n  f e l  t by passengers. I n  a d d i t i o n ,  energy 
i s  absorbed by t h e  s l i d i n g  o f  t h e  c a r  a long  t h e  face  o f  t h e  b a r r i e r  
and by i t s  r o t a t i o n  about a v e r t i c a l  a x i s .  Renaul t  a l s o  c la ims 
t h a t  t h e  n a t u r e  o f  o b s t a c l e  s t r u c k  i s  an impor tan t  f a c t o r .  The 
head-on b a r r i e r  t e s t  assumes t h a t  one c a r  i s  g e n e r a l l y  go ing t o  
s t r i k e  another  of about same s t i f f n e s s .  But t h i s  does n o t  h o l d  
good i n  r e a l  1  i f e .  There i s  a l s o  con fus ion  between what causes 
i n j u r y  t o  human beings and what causes deformat ion of metal  
s t r u c t u r e .  For human i n j u r y  - t h e  change i n  v e l o c i t y  i s  t h e  o n l y  
t h i n g  t h a t  mat te rs  ( i  . e n ,  t h e  v e l o c i t y  o f  "second c o l l  i s i o n "  w i t h  
s e a t  be1 t on c a r  i n t e r i o r ) .  But s t r u c t u r a l  deformat ion r e q u i r e s  



energy which i s  p r o p o r t i o n a l  t o  t h e  d i f f e r e n c e  between squares 
o f  t h e  i n i t i a l  and f i n a l  speeds, I n  an acc i den t  a t  50 mph i n  
which c a r  i s  brought  t o  r e s t  - t h e  second c o l l i s i o n  speed quals  1 50 mph. b u t  s t r u c t u r a l  de fo rmat ion  i s  p r o p o r t i o n a l  t o  (50) on 
2500 u n i t s .  I n  an acc i den t  i n v o l v i n g  drop f rom 100 mph t o  50 mph 
t h e  second c o l l i s i o n  speed i s  50 mp). , b u t  f t r u c t u r a l  deformat ion 
i s  p r o p o r t i o n a l  t o  7500 u n i t s  (100) - (50 )  . 

Ros t i  -Ross in i  , L, "Some Cons idera t ions  o f  Body S t r u c t u r e  Crushabi 1 i t y  
i n  R e l a t i o n  t o  Impact Speed." I n  F i f t h  I n t e r n a t i o n a l  Technica l  
Conference on E x ~ e r i m e n t a l  Sa fe ty  Veh ic les .  GPO, pp. 692-698. 

Reviews t h e  r e l a t i o n s h i p  between impact speed and t h e  dynamic con- 
sequences on t h e  v e h i c l e  s t r u c t u r e  and occupants.  B a r r i e r  impact 
speed and c rush  a re  r e1  a ted  t o  passenger compartment a c c e l e r a t i o n .  
A crash-energy balance i s  used t o  determine t h e  energy-absorbi  ng 
c a p a b i l i t y  o f  t h e  s t r u c t u r e  between t h e  passenger compartment and 
t h e  impact area as a f u n c t i o n  o f  b a r r i e r  impact speed. The masses 
o f  t h e  energy-absorbi  ng p a r t s  (e  .g . , eng ine) ,  o f  t h e  undeformed 
p a r t s  (e.g., passenger compartment) and o f  t he  occupants a re  g i ven  
separate  cons i d e r a t i  on. 

Ryder, M.O., J r .  C l a s s i f i c a t i o n  o f  Automobi le F r o n t a l  S t i f f ness /C rash -  
wor th iness  by Impact Tes t i ng .  F i n a l  Technica l  Report .  CALSPAN 
Report  CAL-ZP-5714-V-1, DOT/% 801 966, 549p. August , 1976. 

(35851 ) 

T r i e s  t o  i d e n t i f y  t h e  l a t e  model automobi le  as s o f t ,  nominal, 
o r  s t i f f ,  based on t h e i r  f r o n t a l  Crash Performance. Nominal i s  
an average c h a r a c t e r i s t i c ,  whi 1 e " s o f t "  and " s t i f f "  rep resen t  
d e v i a t i o n s  f rom t h e  mean va lue.  I t s  e f f e c t  on o v e r a l l  c rash-  
wor th iness performance was n o t  cons idered.  

Sato, T.B., e t  a l .  "Dynamical Cons idera t ions  on Automobi le C o l l i s i o n .  
P a r t  11. ~ r o n t - e n d  C o l l  i s i o n  Tests . "  Soc ie t y  o f  Automot ive 
Engineers o f  Japan B u l l e t i n ,  Number 1 ,  pp. 8-12. 1969. (51195) 

Presents va r i ous  graphs o f  e f f e c t i v e  impact v e l o c i t y  vs .  d u r a t i o n  
o f  impact,  peak dece le ra t i on ,  c o - e f f .  o f  r e s t i t u t i o n ,  changes i n  
momentum, l o s s  o f  k i n e t i c  energy, c rash  horse power, maximum de- 
fo rmat ion ,  and permanent de fo rmat ion .  These graphs a re  based on 
c a r - t o - b a r r i e r  and ca r - t o - ca r  c o l 1  i s i o n  t e s t s .  



Seiffer t ,  U.W. "Siqulation of Road Traffic Accidents with Barrier Impact 
Tests. " International Technical Conference on Experimental Safety 
Vehicles , Fourth. NHTSA, p p .  543-547. 1973. (2931 3) 

Plots actual and simplified vehicle force-distance patterns. 
Vehicle-barrier and vehicle-vehicl e col 1 i sions are compared. 
Speed a t  impact i s  extrapolated via the absorbed energy for a 
single vehicle where deformation of the other vehicle i s  
unknown. The result i s  defined as an equivalent barrier impact 
speed. Deceleration and velocity change are plotted vs. time 
for car-to-car and car-to-barrier coll isions. Equivalent barrier 
impact speed differs  from actual impact speed and i s  biased towards 
the vehicle investigated. A V W  distribution of equivalent t e s t  
speed and f a t a l i t i e s  i s  compared with NHTSA and Mackay's results 
t o  demonstrate the wide variance. 

Shieh, R . C .  Some Analytical Crashworthiness Studies o f  Automobile Front 
Structure. SAE 730612. 1 7 p .  May 1973. (27656) 
Presents the results of some analytical crashworthiness structural 
studies of modified front structure. Optimization problem of a 
car front frame structure has been studied based on the matrix 
displacement method o f  frame analysis. The displacement and de- 
celeration results were found t o  correlate reasonably well with 
f u l l  -scale tes t s .  

Shimoe, H., e t  a l .  "Development of Front-end Structure with Energy- 
Absorbing Device. (~ube-expanding construction). Society o f  Auto- 
motive Enqineers of Japan Bulletin, Number 7, p p .  84-95. April, 
1976. (53325) 
Describes the development of ESV a t  NISSAN. The NISSAN ESV, E 

barrier collision solely through use of  a belt system. This 
t was intended t o  provide occupant protection in an 80 mph. fron a1 

required a front-end construction provided with crashworthiness 
matching the occupant protection system instal 1 ed, In that case, 
crashworthiness curve should be as f l a t  as possible and i t  i s  
essential t h a t  deceleration 'G' produced on the vehicle be 1 owered 
and that crush stroke a t  the front end be increased. I t  was 
experimental ly found that the vehi cl e accompl i shed necessary 
crashworthi ness and insured sufficient occupant survival space in 
the occupant compartment. 

Tanner, R . B .  Crashworthiness of the Subcompact Vehicle. Final Report. 
Minicars, Inc. Goleta, Calif. DOT/HS 801 969. 300p. August, 1976.  



Discusses t h e  development o f  a  mod i f i ed  des ign which improved t h e  
crashwor th iness i n  t h e  most s i g n i f i c a n t  modes, S p e c i f i c a l l y ,  t h e  
mod i f i ed  des ign p rov ided  s a f e t y  i n  t h e  f r o n t a l  a l i gned  mode t o  a t  
l e a s t  50 mph. BEV, i n  t he  o f f s e t  and ob l  i que  mode t o  a t  l e a s t  50 
mph. and i n  t he  s i d e  impact mode t o  a t  l e a s t  30 mph. The mod i f i ed  
des ign re1  i e s  ex tens i ve l y  on use o f  f o a m - f i l  l e d  sheet metal  sec t i ons  
throughout t h e  veh i c l e .  The a l l  d i r e c t i o n a l  na tu re  o f  vo lume t r i c  
s t r u c t u r e  p rov ided  good energy management i n  a l l  impact modes. A t  
t he  same t ime t h e  weight  o f  t he  v e h i c l e  was increased by o n l y  5.3%. 

Thomoson, J. E.  "Occuoant Response Versus Veh i c l e  Crush: A To ta l  System 
'  roach. " proceedings. '  T w e l f t h  Stapp Car Crash Conference. - SAE. 

pp. 220-239. 1968, (06742) 

Finds t h a t  bo th  a n a l y t i c a l  methods o f  eva lua t i on  and exper imental  
methods have ser ious  disadvantages. Hence t he  au thor  proposes a  
new method which combines t h e  a n a l y t i c a l  and exper imental  approaches 
and thus minimizes t he  d i f f i c u l t y  o f  depending e n t i r e l y  on one o r  
t he  o ther .  Two d i f f e r e n t  a n a l y t i c a l  models a r e  used. An occupant 
ca r  model i s  used t o  p r e d i c t  occupant and v e h i c l e  dynamic and k i ne -  
ma t i c  response; and a s t r u c t u r a l  model which r e l a t e s  these responses 
t o  s t r u c t u r a l  crush. Th i s  w i l l  he lp  t o  p r e d i c t  t h e  dynamic and 
k inemat ic  response o f  a  r e s t r a i n e d  occupant model t o  t h e  dece le ra t i ons  
of h i s  v e h i c l e  i n  a  crash s i t u a t i o n  and p r e d i c t  t h e  amount and 
r a t e s  o f  c rush  o f  the  v e h i c l e  s t r u c t u r e  r e q u i r e d  t o  absorb t he  impact 
of  t he  c a r  and produce t h e  p r e d i c t e d  occupant response and use of 
a  ca r  s t r u c t u r e  model reproduces t h i s  crash under t h e  same l oad  
environment by changing t he  l oad  c a r r y i n g  capac i t y  o f  s p e c i f i c  
elements of t he  model. 

Thompson, J.E. Veh ic le  Crush P r e d i c t i o n  Using F i n i t e  Element Techniques. 
SAE 7301 57. 14p. 1973. (271 65)  

Develops an a n a l y t i c a l  t o o l  i n  form of computer program which 
enables one t o  p r e d i c t  c rush  c h a r a c t e r i s t i c s  o f  a  g iven  c a r  
s t r u c t u r e  due t o  f o r ces  generated i n  a  v a r i e t y  o f  impact modes. 
The p r e d i c t i v e  c a p a b i l i t y  i s  embodied i n  two l a r g e  computer p ro -  
grams. "TELSAP" forms, reduces and i n v e r t s  the  v e h i c l e  s t r u c t u r e  
mass m a t r i x  expressed r e l a t i v e  t o  a  datum coord ina te  system and 
w r i t e s  t he  mass m a t r i x  and i t s  i n v e r s i o n  onto a  f i l e  f o r  read ing  
by a "CRUSH" program. CRUSH i s  a  general  m a t r i x  s t r u c t u r a l  a n a l y s i s  
program which c a l c u l a t e s  t h e  l a r g e ,  p l a s t i c ,  r a t e  s e n s i t i v e  response 
of an in te r -connec ted  beam s t r u c t u r e  due t o  known dynamic boundry 
displacement i npu t s  . 



Tien, J.K., and Testa, R.B, C r i t i c a l  Assessment o f  S o c i a l  and Economic 
Imp7 i c a t i o q s  o f  Sa fe ty  Cars. Columbia U n i v e r s i t y ,  School of Engin- 
e e r i n g  and App l ied  Science, 100p. August, 1974, (30873) 

F inds t h a t  t h e  f i r s t  s a f e t y  v e h i c l e s  were b u i l t  t o  p r o t e c t  t h e i r  
own occupants w i t h o u t  adequate c o n s i d e r a t i o n  o f  occupants o f  o t h e r  
cars  w i t h  which i t  migh t  c o l l i d e .  I t  was assumed t h a t  t h e  number 
of t r a f f i c  deaths would be reduced by 63 percen t  i n  t h e  f i r s t  y e a r  
of i n t r o d u c t i o n  o f  ESV, b u t  a f t e r  c o n s i d e r i n g  i t s  aggressiveness,  
more r e a l i s t i c  es t imates show t h a t  t h e  number o f  t r a f f i c  deaths 
would a c t u a l  1 y inc rease  f o r  severa l  years ,  Lap and Shoulder harnesses, 
combined w i t h  a s t r i c t l y  enforced 55 mph. speed l i m i t  and a u n i f o r m  
c a r  p o p u l a t i o n  a r e  so e f f e c t i v e  i n  reduc ing  deaths and i n j u r i e s  
t h a t  they  p r a c t i c a l l y  e l i m i n a t e  t h e  need f o r  ESV.  

Ventre, P.  "A C o n t r i  buti lon Towards B e t t e r  Compati b i l  i ty Between Veh ic les . "  
I n  Proceedings. T h i r d  I n t e r n a t i o n a l  Congress on Automot ive S a f e t y .  
Volume I. Washington, D.C.  Na t iona l  Motor Veh ic le  Sa fe ty  Adv isory  
Counc i l ,  pp. 10.1-10.31. March, 1975. (32488) 

Based on r e s u l t s  o f  exper iments,  concludes t h a t :  (1  ) i n c r e a s i n g  
o b s t a c l e  deformabi 1 i ty r e s u l t s  i n  l eng then ing  o f  c rash  d u r a t i o n ,  
and ( 2 )  increased c rash  d u r a t i o n  r e s u l t s  i n  a r e d u c t i o n  o f  pe r -  
formances on r e s t r a i n t  system. 

Ventre, P., R u l l i e r ,  J.C., and V e r o l l e t ,  J.P. The Behaviour o f  Veh ic les  ' 
and Occupants i n  Asymmetrical F r o n t a l  C o l l  i s i o n s .  Regie N a t i o n a l e  
des Usines Renaul t, Crashworthi  ness Department, B i l  l a n c o u r t  (France) .  
37p. October,  1976. (36377) 

Finds f rom a rev iew o f  s t a t i s t i c a l  data  t h a t  n e a r l y  2/3 o f  f r o n t a l  
c o l l  i s i o n s  a r e  asymmetr ical  ones. The 900 t e s t  w i t h  a f i x e d  b a r r i e r  
i s  unduly  severe and i s  n o t  s e l e c t i v e .  A v e h i c l e  cons idered accept -  
a b l e  i n  such a t e s t  may be incapab le  o f  ensur ing occupant p r o t e c t i o n  
i n  a r e a l  asymmetrical a c c i d e n t .  Among a1 1 types o f  t e s t s ,  ki w a l l ,  
4 walb, centered o r  o f f s e t  pos t ,  t e s t  w i t h  f i x e d  b a r r i e r  i n c l i n e d  
a t  30 , would seem t o  g i v e  t h e  b e s t  s t r u c t u r e l r e s t r a i n i n g  dev ice  
compromise f o r  approaching what happens 8n t h e  roads.  The c o l l i s i o n  
t e s t  w i t h  a f i x e d  b a r r i e r  i n c l i n e d  a t  30 i s  a t e s t  capable of im- 
p r o v i n g  c a r  s a f e t y  because i t  a1 lows t h e  s t r u c t u r a l  behaviour i n  
asymmetrical c o l l i s i o n s  t o  be b e t t e r  eva luated and because i t  a l l o w s  
t h e  p r o t e c t i o n  a f f o r d e d  by t h e  r e s t r a i n i n g  dev ice  t o  be r e a l  i s t i c a l  ly 
apprec ia ted.  

Welch, R . E . ,  Bruce, R.W. ,  and Bely tschko,  T.  F i n i t e  Element Ana lys is  
of Automotive S t r u c t u r e s  Under Crash Loadings. Volume I and 11. 
F i n a l  Report. DOT/HS 801 846 and DOT/HS 801 847. 178p. March, 
1976. (33964) 



Divides the present analytical procedures into two broad cate- 
gories: (1) lumped parameters or equivalent system, and (2) 
formal approximation technique (primarily finite element). In 
the first procedure, the vehicle is treated as an assemblage 
of lumped masses and resistances. The properties of the various 
elements of such models are determined by a static and dynamic 
crush testing, direct measurement and judicious use of simple 
analysis procedures. But these are heavi ly re1 iant on previous 
testing and are weakly tied to basic principles of structural 
behavior. The second procedure represents an attempt to make 
up for limitations inherent in the lumped parameter analysis by 
employing more formal approximation techniques in the discreti- 
zation of the structure and a greater reliance on more fundamental 
structural representation and properties. 

Wolfe, J.A.B. "The Use of Models in Automobile Impact Research." 
~owards Safer Road Vehicles, Transport and ~ o a d  Research Laboratory, 
Crowthorne (England), pp. 1 1  6-1 31 . 1972. (1 9520) 
Develops mathematical models of vehicle and occupant to give 
greater insight into behavior of both during accident situations 
Injury severity has been considered a function of acceleration 
enabling prediction of overall occupant response for a particular 
occupant/vehicl e configuration. 

Young, J. W. CRASH: A Computer Simulator of Non-Li near Transient Response 
of Structures, Basis for Car Crash Simulation. P h i w F o r d  DOT HS 8UU - - 698. 
117p. March 1972. (1 9526) 

Young, J. W. CRASH: A Computer Simulator of Non-Li near Transient Response 
of Structures, Basis for Car Crash Simulation. P h i w F o r d  DOT HS 8UU - - 698. 

Develops a mathematical model for digital computer simulation 
of highway vehicle impact. Phi 1 co-Ford presents the assumptions, 
approximations, and formula to represent the car primary structure 
as a frame subjected to time-varying loads. It defines the 
solution process and error control methods to predict non-1 i near 
transient response of the frame. The whole analysis is based on 
energy formulation. 





SECTION 4 

BIOMECHANICS 

This section covers b o t h  human tolerance and occupant simulation. 
Human tolerance includes whole-body and specific-region to1  erance, as 
well as biodynamic injury c r i t e r i a .  Of particular interest  are studies 
relating impact tolerance t o  the automotive impact environment, 

The 32 biomechanics ci tat ions i l l u s t r a t e  b o t h  the early human 
to1 erance indexes based upon severity threshhol ds empirical ly derived 
from acceleration-time histories and the more current indexes based 
on biomechanical models. The cited studies have used several different  
measures of occupant impact severity , including H I C ,  GADD, displacement, 
rate-of-change of energy level s ,  res t ra in t  loads, peak load, stopping 
distance, shape of acceleration history, r a te  of onset, and effective 
acceleration. Their re la t ive  importance i s  a function of body region, 
e .g. ,  acceleration of the head, deflection of the chest, load on the 
leg.  The level of trauma i s  also affected by such factors as muscle 
contraction, age, weight, and variation in bone properties and super- 
f i c ia l  sof t  t issues.  



Bowman, B.M., Schneider, L.W., and Foust, D.R.  "Simulated Occupant 
Response t o  Side-Impact C o l l  i s i o n s .  " I n  Proceedinqs, ~i neteenth  
Stapp Car Crash Conference, SAE, pp. 429-454. 1975 (33279) 

Descr ibes occupant response t o  10- and 30-mph s ide- impact  
c o l l  i s i o n s ,  us ing  a  mathematical veh ic le /occupant  model, 
Es tab l i shes  t h a t  neck muscle c o n t r a c t i o n  may s i g n i f i c a n t l y  
lessen t h e  l i k e l i h o o d  of ha rd - t i ssue  i n j u r y .  

Chander, S., and P i1  key, W.D. P r e d i c t i n g  t h e  L i m i t i n g  Performance o f  
Automobile S t r u c t u r a l  Components Under Crash Cond i t ions  . F i n a l  
Report .  Cont ro l  Data Corpora t ion ,  P ro fess iona l  Serv ices D i v i s i o n ,  
R o c k v i l l e ,  MD. DOTIHS 802 007. 134 p .  September 1976. (35692) 

Discusses s e v e r i t y  i n d i c e s  which a r e  a p p l i c a b l e  t o  computer 
model ing, which i nc ludes  t h e  Wayne S ta te  Index and t h e  Gadd 
S e v e r i t y  Index.  Both a r e  based on a c c e l e r a t i o n  t ime  h i s t o r y .  
E f f e c t i v e  d isplacement index CEDI) i s  t h e  most r e c e n t l y  p ro -  
~ o s e d  s e v e r i t y  index .  The e ' x c i t a t i o n  t o  be eva lua ted ( a c c e l e r a t i o n  
vs. t ime)  i s  a p p l i e d  t o  t h e  base o f  t h e  mathematical model, 
which i s  a  s i n g l e  degree o f  freedom, damped sp r ing ,  mass model 
o f  t h e  head. S e l e c t i n g  t h e  damping va lue  based on biomechanical 
c o n s i d e r a t i o n  i s  proposed, S e l e c t i o n  o f  t h e  damping l e v e l  o r  
damping r a t i o  would a u t o m a t i c a l l y  f i x  t h e  o t h e r  parameters 
of organ frequency. The r e l a t i v e  mot ion  between base and 
mass i s  c a l c u l a t e d  as a  f u n c t i o n  o f  t ime .  The peak va lue  of 
t h e  r e l a t i v e  mot ion  i s  then considered as t h e  e f f e c t i v e  d i s -  
placement index.  As opposed t o  t h e  e a r l i e r  i n d i c e s ,  ED1 i s  
i n h e r e n t l y  i n s e n s i t i v e  t o  l ong  low ampl i tude pu lses  and ED1 
a l s o  f i t s  Wayne S ta te  Head t o l e r a n c e  Curve b e t t e r  than GADD's 
S . I .  

Delays, N.J. "Crash V i c t i m  S imu la t i on  - a  P o t e n t i a l  A id  f o r  Reconst ruc t ion  
o f  Acc idents . "  I n  Proceedinqs, Motor Veh ic le  C o l l  i s i o n  I n v e s t i q a t i o n  
Symposium, Volume I. pp. 342-361. DOT-HS-801-979. August 1976. 

(35846) 

Descr ibes t h e  three-dimensional  computer s i m u l a t i o n  of c rash 
v i c t i m  dynamics developed by Calspan. The s i m u l a t i o n  p r e d i c t s  
occupant response t o  v e h i c l e  c rash s t i m u l  i . I n p u t s  i n c l u d e  
t h e  c rash v i c t i m  d e s c r i p t i o n ,  t h e  geometr ic  and compl iance 
p r o p e r t i e s  o f  t h e  v e h i c l e  i n t e r i o r  sur faces ,  t h e  v e h i c l e  dece l -  
e r a t i o n  t ime h i s t o r y ,  and r e s t r a i n t  system geometry and para- 
meters. Output inc ludes t ime  h i s t o r i e s  o f  occupant a c c e l e r a t i o n s ,  
v e l o c i t i e s ,  d isplacements,  and t h e  f o r c e s / d e f l e c t i o n s  r e s u l t i n g  
from occupant con tac t  w i t h  v e h i c l e  su r faces ,  S e v e r i t y  i n d i c e s  
can a l s o  be computed f rom t h e  ou tpu t .  Ten MDAI cases a re  r e -  
cons t ruc ted  us ing  SMAC. The SMAC t ime  d e c e l e r a t i o n  h i  s t o r i e s  



were input t o  the occupant simulator. The same ten were 
also physically simulated in accelerator sled t e s t s .  While 
the kinematic resul t s  a re  s imi lar ,  the injury indices were 
no t  s imilar ,  

Dickenson, R . P . ,  Wall, J.W., and H u t t o n ,  W.C.  "The Impact Properties 
of Bone. " I n  Proceedings, Second International Conference, Bio- 
mechanics of Serious Trauma, pp .  249-256. Bron, IRCOBI. 1975. 

(32768) 

Discusses bone impact properties in terms of energy absorption, 
loading r a t e ,  and t ens i l e  s trength,  

DiLorenzo, F . A .  Power and Bodily Injury. SAE 76001 4. February, 1976. 
(33775) 

Attempts t o  establ ish a correlat ion between bodily injury 
and the rate-of-change of energy levels  (power) of the body. 
Early biomechanical injury severi ty indexes were attempts t o  
analyze acceleration-time pulse in an attempt t o  empirically 
derive a law relat ing the acceleration time traces t o  injury. 
The Gadd (SI )  and Head Injury Criterion (HIC) a re  integrals  
involving acceleration and time. The HIC also considers pulse 
width in order t o  smooth out large r ipples and spikes. Both 
SI and HIC are arb i t rary  and provide no insight into injury 
mechanics. A col l i s ion  i s  considered as a sudden change in 
energy 1 eve1 . 

Eppinger, R . H .  "Prediction of Thoracic Injury Usinq Measurable Experi- 
mental Parameters." National Hiqhwav Traff ic  Safety Administration, " - 
Washington, D . C .  6th International Technical conference on 
ESV, August 20, 1916. - (36410) 
Uses a s t a t i s t i c a l  analysis of volunteer and cadaver t e s t  
data t o  determine i f  any meaningful relationship ex i s t s  
between any of the measured engineering parameters (e .g.  , 
forces,  accelerat ions,  deflect ions)  and  injury.  I t  was 
found tha t  the number of thoracic fractures i s  a function 
of the maximum upper torso bel t  force,  and occupant age 
and weight. A multiple step-wise l inear  regression 
algorithm was used. 

Fleck, J . T . ,  Butler,  F ,E, ,  and Vogel, S , L .  An Improved Three Dimen- 
sional Computer Simulation of Vehicle Crash Victims. Volume I ,  
Engineering Manual. Final Report. Cal span Corporation, Buffalo, 
New York. 292 p .  April ,  1975. (32231 ) 

Describes computer program that  simulates i n  three dimensions 
one or more crash victims. The passenger compartment motion 
description has s ix degrees of freedom. Forces produced by con- 
t a c t  are determined by a force deflection routine which allows 
for  energy losses. 



Kaleps, I .  "Thorac ic  Dynamics Dur ing  B l u n t  Impact . "  I n  A i r c r a f t  
Crashworthiness. U n i v e r s i t y  Press o f  V i r g i n i a ,  C h a r l o t t e s v i l l e ,  
pp. 235-252. 1975, (341 79) 

Presents a  model capable o f  r e f f e c t i n g  t h e  a c t u a l  dyyamic 
c h a r a c t e r i s t i c s  o f  t h e  ches t  w a l l  , us ing  lumped parameter 
a n a l y s i s .  The model i n c l u d e s  ches t  w a l l  d e f l e c t i o n  p r o p e r t i e s  
and some i n t e r n a l  r e a c t i o n s .  Chest d e f l e c t i o n  i s  r e l a t e d  t o  
r i b  f r a c t u r e ,  and i n t r a t h o r a c i c  overpressure  i s  used as a  pre-  
d i c t o r  o f  i n t e r n a l  trauma. No s t a t i s t i c a l  l y  meaningfu l  r e l a t i o n -  
sh ip  between t h e  chest  impact  event  and r e s u l t i n g  i n j u r i e s  i s  
a v a i l a b l e  i n  known research s tud ies ,  

King, A. I. "Biomechanics of t h e  Spine and P e l v i s . "  Biomecltanics and I t s  
Appl i c a t i o n  t o  Automot ive Design. Soc ie t y  o f  Automot ive Engineers,  
New York, 13 p.  January, 1973. (27005) 

Reviews sp ine  and p e l v i c  biomechanics. A few u n v a l i d a t e d  models 
e x i s t .  There a r e  few re ferences on t h e  s u b j e c t .  

King, A . I . ,  and Chou, C . C .  "Mathematical Mode l l i ng ,  S imu la t i on ,  and 
Exper imental  T e s t i n g  o f  Biomechanical System Crash Response." 
Journa l  o f  ~ i o m e c h a n i c s ,  Volume 9,   umber 5,  pp. 301-317. 1976. 

(52922) 

Prov ides  a  d e t a i  1  ed rev iew o f  models s i m u l a t i  ng biodynamic 
response t o  impact a c c e l e r a t i o n ,  a1 ong w i t h  exper imental  
v a l  i d a t i o n  s tud ies .  The types  o f  models surveyed i n c l u d e  
gross mot ion  s imu la to rs ,  head i n j u r y  models, sp ine  and 
t h o r a c i c  models. Most o f  t he  models are  o f  t h e  d e t e r m i n i s t i c  
type.  The gross mot ion  s i m u l a t o r s  c o n s i s t  o f  a  body dynamics 
model and a  c o n t r a c t  model ( t h e  weakest component), 

Krouskop, T.A., e t  a l .  "An Index f o r  P r e d i c t i n g  T issue Damage Due t o  
Impact. " I n :  Proceedings, T h i r d  I n t e r n a t i o n a l  Congress o f  Auto- 
mo t i ve  Safety. Volume I. GPO, pp. 6.1-6.15, 1974. (30079) 

Uses k inemat ic  data and average s t r e s s  t o  c a l c u l a t e  t h e  s t r a i n  
energy assoc ia ted  w i t h  seven body reg ions .  Threshholds f o r  
s p e c i f i c  i n j u r i e s  a r e  r e l a t e d  t o  A I S  i n j u r y  s e v e r i t y .  
Tables o f  i n j u r y  t h reshho ld  l e v e l s  by A I S  and body r e g i o n  a r e  
then tabu la ted .  Thus k inemat ic  v a r i a b l e s  a r e  r e l a t e d  t o  i n j u r y  
seve r i  t y  . 



McEl haney, J . H a ,  Roberts,  V . L . ,  and H i l y a r d ,  J . H t  Biomechanics o f  Trauma. 
Volumes 1, 2, and 3.  Duke U n i v e r s i t y ,  Durham, Nor th  Carol  i n a .  1311 p .  
January, 1976. (35666) 

A composite o f  pub l i shed  biomechanics knowledge c o v e r i n g  anatomy; 
human t i s s u e ;  whole body to le rance ;  and head, neck, t h o r a c i c ,  
abdominal,  and p e l v i c  impact  t o l e r a n c e  and i n j u r y  c r i t e r i a .  
Descr ibes t e s t  dev ices  and appl  i c a t i o n s .  

Me lv in ,  J,W., and Evans, F.G. " A  S t r a i n  Energy Approach t o  t h e  Mechanics 
o f  S k u l l  F r a c t u r s , "  I n :  Proceedings o f  F i f t e e n t h  Stapp Car Crash 
Conference, Soc ie t y  o f  Automot ive Engineers,  pp. 666-685, 1972. 

(1  7505) 

Considers t h e  mechanical p r o p e r t i e s  o f  an i n d i v i d u a l  body 
s t r u c t u r e ,  t h e  sku1 1 .  

M e l v i n ,  J.W., Mohan, D . ,  and S ta lnake r ,  R.L. Occupant I n j u r y  Assessment 
C r i t e r i a .  Highway Sa fe ty  Research I n s t i t u t e ,  Ann Arbor,  Mich . ,  
SAE 750914. 12 p. 1975. (32953) 

Presents a rev iew  o f  human i n j u r y  mechanisms and impact  t o l e -  
rance.  The s t a t u s  o f  knowledge i n  t h e  biomechanics o f  trauma 
t o  t h e  head, neck, ches t ,  abdomen, and e x t r e m i t i e s  i s  d iscussed.  
S i x  head i n j u r y  c r i t e r i a  a re  summarized. 

Me1 v i n ,  J .  W .  , e t  a1 . " Impact  Response and To1 erance o f  t h e  Lower Extrem- 
i t i e s .  " I n  Proceedings, N ine teenth  Stapp Car Crash Conference, 
Soc ie t y  o f  Automot ive Engineers,  SAE 751 159. pp. 543-559. 1975. 

(33279) 

Discusses why t h e  l o c a t i o n  o f  femur f r a c t u r e s  i s  m a i n l y  dependent 
on occupant k inemat ics  and n o t  on s e v e r i t y  o f  impact .  Peak l o a d  
a lone  i s  n o t  an adequate i n d i c a t o r  o f  impending f r a c t u r e .  I t  
appears t h a t  a s u f f i c i e n t  h i g h  energy o r  momentum l e v e l  must be 
assoc ia ted  w i t h  t h e  impact  t o  produce f r a c t u r e .  

Nahum, A.M., e t  a l .  "Tolerances o f  S u p e r f i c i a l  S o f t  T issues t o  I n j u r y . "  
Journa l  o f  Trauma, Volume 12, Number 12, pp, 1044-52. December, 1972. 

(51 198) 

Observes t h a t  r e l a t i v e l y  l i t t l e  has been done t o  q u a n t i f y  t h resh -  
ho lds  f o r  s i g n i f i c a n t  i n j u r y  t o  t h e  s u p e r f i c i a l  t i s s u e s .  S e v e r i t y  
i s  a f u n c t i o n  o f  t i s s u e  geometry, t h e  u n d e r l y i n g  bone, mass, and 
shape, e t c . ,  of t a r g e t  a rea.  S u p e r f i c i a l  t i s s u e s  can a l s o  a f f e c t  
t h e  f o r c e  o r  acce1 e r a t i o n  a t t e n u a t i n g  c h a r a c t e r i s t i c s  o f  a body 
reg ion .  



Neathery, R.F . ,  Kroell , C.K., Mertz, H.J. "Prediction of Thoracic 
1n~ury  from Dummy Responses." I n  Proceedings, Nineteenth Stapp 
Car Crash Conference, Society of Automotive Engineers, p p .  295-31 6 .  
SAE 751151. 1975. (33279) 

Finds that chest injury (mean AIS) i s  a s t a t i s t i ca l ly  significant 
function of chest deflection, chest depth, and cadaver age a t  death. 

Patrick, L . M .  "Human Tolerance t o  Impact and I t s  Application t o  Safety 
Design." Biomechanics and I t s  Application t o  Automotive Design. 
Society of Automotive Engineers, New York, 15  p ,  January, 1973. 

(27005) 
Provides a general review of crashworthiness. Change in velocity 
alone i s  a poor criterion of potential injury, Stopping distance 
and acceleration history (e .g. ,  half-sine) are a1 so important. 
Human tolerance data for the whole body and several body areas are 
tabulated. Vehicle frame acceleration time histories for 30-mph 
barrier impacts are provided along with a plot of vehicle front 
crush inches vs, impact speed. Most of the front crush in a barrier 
collision occurs in the early part of the impact; e.g. ,  half o f  the 
crush occurs in the f i r s t  quarter of the total stopping time. I n  
a 30-mph barrier coll ision, the vehicle i s  usual l y  stopped before 
the unrestrained occupant hi ts  the inter ior .  H I C  and Gadd Severity 
Indices are plotted by stopping distance and stopping time as a 
function of velocity. 

Patrick, L.M. Trauma as a Function of Forces and Accelerations in 
Collisions. Final Report. Wayne State University, PB 231 430. 
114 p .  March 15, 1974. (30045) 
Describes forty-five frontal impacts of ful l  size automobiles (65 
occupants) reproduced experimental l y  with a 50 th  percenti 1 e dummy 
on  the WHAH I1 impact sled. Barrier equivalent velocity ( B E V )  were 
estimated by Wayne and  General Motors s taff  from f ield reported 
vehicle damage. Both the BEV and AIS vs. B E V  distributions are 
plotted. Regressions of AIS on BEV were unsatisfactory ( R = O .  53). 
Head, chest, and knee AIS's were each considered as a function of 
B E V .  Injury cr i te r ia  obtained from dummy occupants were compared 
w i t h  similar f ie ld reported injuries under the same B E V .  Injury 
indices (e .g . ,  H I C  and Gadd) are related t o  BEV and  AIS. 

Patrick, L . M . ,  and Levine, R.S. Injury Assessment of  Belted Cadavers. 
Final Report. Wayne State University. 127p. May, 1975. (32333) 
Assesses nine restrained cadaver tes t s  a t  20, 30, and 40-mph, bar- 
r ie r  equivalent velocity coll isions. Their injuries ranged from 
AIS-1 through AIS-8. An AIS vs. velocity curve was derived. The 
injuries occurred a t  lower BEV in the cadavers than i s  observed on 
the highway. 



Reddi, M.M., e t  a l .  Thorac ic  Impact I n j u r y  Mechanism, Volume I. F i n a l  
Report ,  Frank1 i n  I n s t i t u t e  Research Labora to r i es ,  230 p ,  August, 
1975. (32899) 

Descr ibes a  mathemat ical  model o f  t h e  tho rax  under impact  c o n d i t i o n s .  
Resu l t s ,  when compared w i t h  t h e  behav ior  o f  Rhesus monkeys under 
impact  c o n d i t i o n s ,  a r e  comparable. 

Robbins, D.H, " S i m u l a t i o n  of Human Body Response t o  Crash Loads." Shock 
and V i b r a t i o n  Computer Programs: Reviews and Summaries, shock- 
and V i b r a t i o n  I n f o r m a t i o n  Center ,  Washington, D.C,  pp. 365-380. 

Reviews t e n  mathemat ical  s i m u l a t i o n s  o f  gross human body mot ions  
i n  terms o f  occupant d e s c r i p t i o n ,  c o n t a c t  su r faces ,  f o r c e  i npu t , .  
and computer a p p l i c a t i o n s .  Force i n p u t s  a r e  i n  terms o f  t a b u l a r  
a c c e l e r a t i n g - t i m e  h i s t o r i e s ,  v e h i c l e  p o s i t i o n  as a  f u n c t i o n  o f  
t ime,  t i m e  dependent f o r c e s  a p p l i e d  t o  t h e  body, and/or su r faces  
moved i n t o  c o n t a c t  w i t h  t h e  v i c t i m .  

Robbins, D.H., and Roberts,  V.L. "Michigan I n j u r y  C r i t e r i a  Hypothesis 
and R e s t r a i n t  System E f f e c t i v e n e s s  Index.  'I I n  Proceedings, F i f t e e n t h  
Stapp Car Crash Conference, S o c i e t y  o f  Automot ive Engineers,  New 
York, pp. 686-709. 1972. ( 1  7505) 

Discusses an i n j u r y  c r i t e r i a  model c o n s i s t i n g  o f  t h r e e  p a r t s :  
( 1  ) An i n j u r y  r a t i n g  based on human t o l e r a n c e  data ,  i n c l u d i n g  
t ype  o f  i n j u r y ,  ser iousness,  and magnitude o f  p h y s i c a l  q u a n t i t i e s ,  
e .g . ,  f o r c e  and a c c e l e r a t i o n .  The Van K i r k  i n j u r y  s c a l e  i s  adopted. 
( 2 )  A  r e l a t i v e  mo t ion  c r i t e r i o n  i s  based upon movement a b i l i t y  o f  
ad jacen t  body segments. ( 3 )  The p r o b a b i l i t y  o f  a  p a r t i c u l a r  c rash 
event  o c c u r r i n g  i s  d e f i n e d  as t h e  j o i n t  p r o b a b i l i t y  o f  a c c i d e n t  
t ype  (e.g., f r o n t ) ,  occupant seated p o s i t i o n ,  and r e s t r a i n t  use. 
V e l o c i t y  o f  impact  was n o t  i n c l u d e d  i n  t h i s  p a r t  due t o  l a c k  o f  
accu ra te  data.  Ove ra l l  system e f f e c t i v e n e s s  i s  a l s o  r e l a t e d  t o  
occupant we igh t  and geometry, impact  v e l o c i t i e s  and d i r e c t i o n s ,  
t h e  r e s t r a i n t  environment, as w e l l  as t h e  above t h r e e  p a r t s .  

Robbins, D.H., Me lv in ,  J.W., and S ta lnake r ,  R.L. "The P r e d i c t i o n  o f  
~ h o r a c i c ' I m p a c t  i n j u r i e s . "  I n  proceedings,  Twent ie th  Stapp Car 
Crash Conference, SAE. pp. 697-729. 1976. (35839) 

Q u a n t i f i e s  t h e  t h o r a c i c  impact  response o f  cadaver and baboon sub- 
j e c t s  i n  exper iments which vary  G- level  , v e l o c i t y ,  and d i r e c t i o n  
o f  impact .  R e s u l t i n g  i n j u r i e s  were recorded a t  autopsy and an 
AIS r a t i n g  assigned.  Using k inemat i c  accelerometer  da ta ,  i n j u r y -  
p r e d i c t i v e  f u n c t i o n s  were generated us ing  s t a t i s t i c a l  r e g r e s s i o n  
procedure,  



Saczelski,  K.J. "Modeling and Analysis Techniques fo r  Prediction of 
Structural and Biodynamic Crash-Impact Response. " Finite Element 
Analysis of Transient Nonl i near Structural Behavior. ASME, New 
York, pp .  99-117. 1975, (33497) 
Examines the in terre la t ionships ,  v i ab i l i t y ,  and selection of 
some finite-element modeling techniques for  biodynamic and 
s t ructura l  crash impact response. The vehicle model ing i s  intended 
fo r  use in the design stage considerations of crash energy manage- 
ment and s t ructura l  col lapse in to  occupant regions. 

Snyder, R .  G .  State-of-the-Art - Human rmpact To1 erance, Revised. 
SAE 700398. 73 p .  August, 1970. ( 1  4284) 
Provides an extensive overview o f  current impact to1 erance 
know1 edge. History, methods, and tolerance resu l t s  a re  reviewed. 
and tabulated. 

Society of Automotive Engineers, The Human Thorax - Anatomy, Injury,  
and Biomechanics. SAE P-67. 84 p. 1976. (35920) 

Five papers review thorax anatomy, b l u n t  trauma, and impact 
to1 erance t o  frontal  and 1 atera l  1 oading . 

Stalnaker, R.L, , Roberts, V.L., and McEl haney, J.H. Door Crashworthiness 
Cr i t e r i a .  Final Report, UM-HSRI-BI-73-2, DOT HS-800-294, 96 p .  , 

September 1973. (28729) 
Asserts tha t  s ince accident data indicate tha t  most occupant deaths 
were ~a r t 1 . y  due to  head in ju r ies  suffered when the head struck 
windows, door p i l l a r s ,  and-other r ig id  objects .  -kHece l o s t  - -- of the 
data for  t h i s  study were generated by impacts t o  the monkey 
head of short  duration against unyielding surfaces. This data 
was then extrapolated to  man by use of dimension analysis and 
theory of modeling. The resu l t s  were then presented as tolerance 
curves generated by the Maximum Strain Criterion (MSC) for  head 
injury. 

Versace, J .  "A Review of the Severity Index," In Proceedings, Fifteenth 
Stapp Car Crash Conference, S A E .  26p. 1972. ( 1  6346) 
Finds tha t  the SAE Severity Index i s  unsupportable as an approxi- 
mation t o  tolerance l imit  data.  Distinctions have not been made 
between f i t t i n g  a formula t o  the tolerances l imi t  data ,  scaling 
of severi ty as such, and measuring the "effect ive  acceleration" 
or the acceleration magnitude of a pulse. Current formulas could 
be made t o  bet ter  f i t  the tolerance 1 imi t data.  Even more appro- 
pr ia te  would be a measure of injury sever i ty  tha t  would resu l t  from 
head impact data i n  such a way as t o  r e f l e c t  the probability 
of brain injury.  The probability of survival i s  predicted by a 
log i s t i c  function of ef fect ive  accelerat ion.  



Vjan~ ,  D.C,, and Gadd, C . W ,  "Significance of Rate of Onset of Impact 
Injury Evaluation," In Proceedings, Nineteenth Stapp Car Crash 
Conference, SAE. p p  807-81 9 ,  1975 .  (33279) 

Substantiates the conclusions that  a single ra te  of onset 
tolerance level i s  n o t  warranted and that  the ra te  of onset 
i s  n o t  a oroven iniurv ootential index. Data show that  extremelv 
high rates on onset are tolerable without injury. There i s  a 
reciprocal relationship between onset and r i s e  time. 

Wall, J . ,  Lowne, R.W, , and Harris, J .  The Determination of Tolerable 
Loadinss for  Car Occupants in Impacts. Transport and Road Research 
Laboratory, Crowthorne (England). 16p. October, 1976. (36396) 
Discusses method used to  determine to1 erabl e occupant impact 
loadings based on correlatinq in jur ies  received by 1 i v i n g  
human car occupants in accidents with measurements made on dummies 
or t e s t  devices. The proportion of the population a t  r isk who 
will suffer  injury a t  any given level of loading i s  predicted when 
suff ic ient  data are  available. Crash severity i s  determined by 
matching accident vehicle damage with reproduced impacts for  
knee impacts with vehicle fascias and vehicle side impacts. Change 
in velocity i s  used for  seat  be1 t wearers, as determined by matching 
damage t o  known frontal impact t e s t  speeds, Three examples are 
discussed: knee/thigh/hip loading, safety belt  loading, and occu- 
pant loading in side impacts. 

Williams, J . F . ,  and McKenzie, J.A.  "The Effect of Seatback Stiffness 
and Collision Severity on the Dynamic Behavior of the Head During 
'Whiplash ' . " In: Proceedings, International Conference on the 
Biokinetics of Impacts. Organisme National de Securi t e  Routiere, 
Laboratoire des Chocs, Lyon-Bron, p p .  329-338. May 25, 1973. 

(28048) 

Proposes a model which reproduces the planar motion of the head 
and neck during rear end impact, From the relationship between 
impact severity and head rotational acceleration, it was seen 
that  even for  low grade coll is ions the head may reach acceleration 
1 eve1 s that  may cause cerebral concussion. A1 so, the magnitude 
of head and shoulder accelerations i s  related t o  seatback s t i f fness  





APPENDIX A 

CONFLICTING CRASH SEVERITY MEASURES 



The lack of a c lea r  and common understanding of the term "crash 

severi ty" has led t o  differences of opinion within the research 

communi ty and between the  research communi ty and the pol i  t i  cal 

community, as evidenced by the following two examples. 

1 .  The NHTSA* has noted the need fo r  a consistent  and accurate 

crash sever i ty  index. The r e su l t s  of f i e l d  accident investigation 

e f fo r t s  and crash recorder r e su l t s  are  tabulated (Table 1 ) .  The 

d i spa r i t i e s  are  a t t r ibu tab le  t o  ( a )  terminology differences and 

( b )  measurement differences (systematic or bias e r ro r s ,  and random 

e r r o r s ) .  Several terms have been used t o  indicate a measure of 

vehicle speed : t ~ a v e l  ing speed, impact speed, impact veloci ty ,  speed 

difference a t  impact, velocity change, barr ier  equivalent impact 

velocity,  and recorder disk resu l t an t  velocity change. While every- 

one has used "mi les-per-hour ," everyone has a d i f f e r en t  de f in i t ion .  

Table 1 .  NHTSA Comparison of Accident Speeds. 

Recorder Results 

1 .  17.8 mph 

Accident Investigation Results 

25-35 mph impact speed 

2 .  14.9 mph 20 mph ba r r i e r  equivalent 

3. 19.1 mph 30 mph police-reported 

4. 15.4 mph 2 2  mph impact, MDAI; 5 mph,  GM 

5 .  18.6 mph 30 mph impact, MDAI; 20 m p h ,  pol ice  

6. 14.7 mph 

7 .  10.3 mph 

8. 13.0 rnph 

9. 10.5 mph 

10 .  19.9 mph 

50-60 mph t ravel ing,  MDAI ; 50 rnph, 
police; 25 mph difference a t  
impact, GM 

24-26 mph impact, MDAI; 50 m p h ,  
police; 25 mph impact, GM 

25-35 t ravel ing,  MDAI; 30 rnph, 
pol ice 

0-1 rnph impact, MDAI; 30 mph, 
pol i ce  

50 mph , pol i ce  

*Tee1 , S . S . ,  Pierce,  S. J .  , Lutkefedder, N . W .  "Automotive Recorder 
Research - A Summary of Accident Data and  Test Results ,"  National 
Highway Traff ic  Safety Administration. I n  Th i rd  International 
Congress on Occupant Protection, S A E ,  p p .  14-70, July 1974. 



2 .  During the Nil l iam Coleman (former Transportation Secretary) 

a i r  bag decision process, a Detroit News reporter* noted the 

apparent ACRS case discrepancies between insurance industry claims 

and NHTSA f ie ld  investigations. His report only confounded the 

existing confusion concerning the defi ni t i  on o f  crash severity . 

Table 2 .  Detroit News Comparison of Accident Speeds. 

Case - Insurance Industry NHTSA 
Somers, N . Y .  Between 45 and 50 mph Car speed of 31 mph, 

Barrier equivalent 
of 16  mph 

Schil ler  Park, 111. Combined speed of Combined speed of 
60-70 mph 23 mph 

Homewood, A1 a .  Hit t ree doing 30 mph Barrier equivalent 
of 10 mph 

*Peterson, J . E . ,  "Coleman Reportedly Found Public Misled on Air 
Bags." In The Detroit News, p .  2-E ,  February 2, 1977. 








