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2 . 0  Summary 

T h i s  r e p o r t  de sc r ibes  a  program of acc iden t  i nves t i ga t i on  

s t u d i e s  which were based on varying l e v e l s  of acc iden t  d e t a i l  

and a n a l y s i s  of the  r e s u l t a n t  d a t a .  The program was sponsored 

by t h e  Accident Inves t i ga t i on  Divis ion of t h e  Research I n s t i t u t e ,  

Nat ional  Highway T r a f f i c  Sa fe ty  Administrat  ion,  Washington, D .  C .  , 
and conducted by t h e  Highway Sa fe ty  Research I n s t i t u t e  of the  

Univers i ty  of Michigan. T h i s  f i n a l  r e p o r t  covers  t he  second 

year of a  Tri-Level Accident Inves t i ga t i on  Study which was con- 

t inued  under c o n t r a c t  No, DOT-HS-031-2-454 f o r  t h e  period July 1, 

1972 - June 30,  1973. During t h i s  per iod William E .  Sco t t  was 

Chief of t h e  Accident Inves t i ga t i on  Divis ion a t  NHSTA and Wayne 

Van Wagoner was t he  c o n t r a c t  Technical  Manager. 

In  t he  Tri-Level s tudy concept var ious  l e v e l s  of d e t a i l e d  

acc iden t  d a t a ,  and r e l a t e d  d r ive r -veh i c l e  informat ion a r e  incor-  

porated w i t h i n  a  broad program of f i e l d  acc iden t  i n v e s t i g a t i o n s  

conducted i n  a  f i x e d  geographic a r ea  w i t h  t h e  o b j e c t i v e  of iden- 

t i f y i n g  and analyzing problems and t o p i c s  r e l a t i n g  t o  highway 

s a f e t y .  

The f i n a l  r e p o r t  c o n s i s t s  of two volumes. 

Volume I  d i s cus se s  t he  methodology used t o  examine acc iden t s  

of s p e c i a l  i n t e r e s t  and the  r e s u l t a n t  l e v e l s  of acc iden t  da t a  

obta ined from these  i n v e s t i g a t i o n s .  In-depth, m u l t i d i s c i p l i n a r y  

acc iden t  case  s t u d i e s  a r e  grouped and discussed w i t h  summaries 

of f i n d i n g s  r e l a t i v e  t o  the  human, veh i c l e  and environmental 

a spec t s  of a c c i d e n t s .  Spec ia l  s t u d i e s  involving small  ca r - la rge  

c a r  involvements, parked v e h i c l e  acc iden t s ,  s i d e  impact per for -  

mance, windshield r e t e n t i o n  f a i l u r e ,  s e a t  b e l t  r e t r a c t o r  mechanisms, 

multi-purpose veh i c l e s  and hood-windshield pene t r a t i on  a r e  a l s o  

included i n  t h i s  volume. 

Volume I 1  con ta in s  summaries of 50 Level 111, m u l t i d i s c i p l i -  

nary case  s t u d i e s  which were completed and submitted t o  NHTSA 

during t h e  course  of t he  program. A l l  r e p o r t s  a r e  a v a i l a b l e  f o r  



publ ic  viewing and/or s a l e  i n  the  Technical Reference Div is ion ,  

Room 5108, National  Highway T r a f f i c  Safe ty  Administrat ion,  

400 Seventh S t r e e t ,  S .  W . ,  Washington, D .  C .  20590. 



3 . 0  Int roduct ion 

In t he  Tri-Level Accident Inves t i ga t i on  Study Program 

acc iden ts  a r e  inves t iga ted  in varying degree of accident  d e t a i l ,  

and the  assembled da ta  analyzed in  order t o  b e t t e r  understand the  

acc iden t  process ,  i . e .  t o  determine accident  and in jury  causa t ion .  

When func t iona l  problems in  highway s a f e t y  a r e  i d e n t i f i e d ,  e f f ec -  

t i v e  countermeasures a r e  recommended. * 
The r e l a t i v e l y  l imi ted  number of in-depth case  s t u d i e s  

completed, and the  non-random s e l e c t i o n  methods used t o  ob t a in  

these  cases ,have posed some l i m i t a t i o n s  on i n t e r p r e t a t i o n  of t he  

data  r e l a t i v e  t o  the  general  accident  popula t ion.  Po l ice  repor ted 

(mass) accident  data  wi thin  the  study region represen t  a  census,  

which permits  an assessment of frequency of accident  by type,  

s e v e r i t y ,  e t c .  The l e v e l  of d e t a i l  is not g r e a t ,  but such da ta  

do se rve  a s  a  ba se l i ne ,  or foundation,  f o r  more d e t a i l e d  analyses  

of those s p e c i f i c  problems posed or  i d e n t i f i e d  during the  in-depth 

mu l t i d i s c ip l i na ry  i nves t i ga t i ons .  

In mu l t i d i s c ip l i na ry ,  in-depth case  s t u d i e s ,  the  e n t i r e  spec- 

trum of a  c rash  is examined -- human, veh i c l e ,  and environmental 

i n  each phase of the  c o l l i s i o n  (pre-crash,  c r a sh ,  and post-crash) . 
Even though the  t o t a l  sample of these  acc iden ts  is r e l a t i v e l y  

smal l ,  the c o l l e c t i o n  of data  is use fu l  i n  studying causes and 

e f f e c t s  a s  they r e l a t e  t o  acc iden ts .  Over 800 d i f f e r e n t  da ta  

v a r i a b l e s  ( i tems of informat ion) a r e  co l l ec t ed  in  mu l t i d i s c ip l i na ry  

accident  case s t u d i e s .  They a r e  used in  numerous t o p i c a l  sub j ec t  

a r e a s  f o r  comparative eva lua t ion ,  and ind i ca t i on  of t rends  between 

or  among v a r i a b l e s .  T h i s  r epo r t  includes some of these  s t u d i e s ,  

a s  well  a s  a  general  de sc r ip t i on  of a l l  accident  i nves t i ga t i ons  

conducted during the  year p lus  f i nd ings ,  both evident  and i n f e r r e d ,  
derived therefrom. 

* A t o t a l  of 50 in-depth mu l t i d i s c ip l i na ry  accident  case  s t u d i e s  
were completed w i t h i n  the  one program. 



4 . 0  Methodology 

Methodology employed in  the  var ious  HSRI t r i - l e v e l  acc iden t  

i n v e s t i g a t i o n  e f f o r t s  d i f f e ~  in  terms of t ime l ines s  and ex t en t  

of t h e  acc iden t  i n v e s t i g a t i o n ,  A s  the name impl ies ,  var ious  

l e v e l s  of acc iden t  information a r e  combined, each acquired w i t h  

a  d i f f e r e n t  approach, s o  t h a t  c o l l e c t i v e l y  they may be examined 

t o  determine frequency,  magnitude, d e t a i l  and s p e c i a l  a r e a s  of 

unique i n t e r e s t  r e l a t i v e  t o  problems of highway s a f e t y .  A l l  

d a t a  a r e  obta ined wi th in  Washtenaw County, Michigan,which s e rves  

a s  t h e  geographic a r ea  of t h e  t r i - l e v e l  s tudy .  

I t  was i n i t i a l l y  hoped tha t  from the  da t a  obtained a t  each 

l e v e l ,  a l l  wi th in  a  def ined geographical  a r e a ,  one could draw 

in fe rences  regarding the  genera l  accident  popula t ion of the  

United S t a t e s .  However, any in fe rences  a r e  l im i t ed  because -- 
(1 )  completion of a  f u l l  mu l t i d i s c ip l i na ry  acc iden t  inves t iga-  

t i o n  case  s tudy e l imina t e s  random s e l e c t i o n  because some cases  

a r e  dropped i f  complete information cannot be obta ined ( f o r  example, 

when one d r ive r  r e f u s e s  t o  be interviewed and h i s  a c t i ons  and 

s t a t e  of mind a r e  important t o  ful lyunders tanding the  c a s e ) ,  and 

( 2 )  t h e  p rov inc i a l  b iases  inherent  i n  examining acc iden ts  i n  a  

p a r t i c u l a r  geographic area  which con ta ins  only 0.1% of the  U .  S. 

popula t ion.  In s p i t e  of these  l i m i t a t i o n s  the  combination of 

Level I ,  11,  and I11 data presented here a r e  o i  value i n  under- 

s tand ing  the  acc iden t  process ;  and s e v e r a l  analyses  using var ious  

l e v e l s  of data  w i l l  be presented.  

The mu l t i d i s c ip l i na ry  accident  i nves t i ga t i on  case s t u d i e s ,  

when combined w i t h  s imi l a r  case  s t u d i e s  from o ther  a r e a s  of the  

country ,  form a  s i z a b l e  data  base which was examined under another 

HSRI s tudy .  The Washtenaw County acc iden t  data  f i l e  grew l a rge ly  

from inves t i ga t i ons  sponsored by both the  National  Highway T r a f f i c  

Safe ty  Administrat ion and the  Motor Vehicle Manufacturers Associa- 

t i o n .  W i t h i n  t h a t  data  t h i s  s tudy r ep re sen t s  a  subse t  of tow-away 

c rashes  involving new American made c a r s .  



The program t r i - l e v e l  e f f o r t s  cons i s t  of po l ice  repor ted 

data  (Level I ) ,  s p e c i a l  b i - l eve l  accident  i nves t i ga t i ons  providing 

accident  and in jury  information for  c e r t a i n  acc iden ts  i n  g rea te r  

d e t a i l  than t h a t  found i n  the  po l ice  repor ted inves t iga t ions  

(Level 11) , and mu l t i d i s c ip l i na ry  in-depth inves t iga t ions  (Level 111) 

conducted by a  team of s p e c i a l i s t s  represen t ing  d i f f e r e n t  profes-  

s i o n a l  d i s c i p l i n e s .  

The Level I (po l i ce  repor ted)  data  have been acquired s ince  

1965 and b u i l t  i n t o  a  d i g i t a l  f i l e  fo r  Washtenaw County, Michigan, 

under a  program sponsored by the  Motor Vehicle Manufacturers 

Associa t ion.  Copies of a l l  pol ice  accident  r epo r t s  a r e  co l l ec t ed  

d a i l y  from the  major po l ice  agencies (bi-weekly from small  v i l l a g e s )  

These r epo r t s  a r e  analyzed, coded, keypunched, and then incorporated 

i n t o  the Washtenaw County Accident F i l e .  These r epo r t s  a r e  main- 

t a ined  in  the  a c t i v e  f i l e  f o r  f i v e  years ,  a f t e r  which they a r e  

r e t i r e d  t o  the archives  fo r  longer term trend ana lys i s .  

Level I 1  accident  inves t iga t ions  cover two ca tegor ies  of 

acc iden ts .  The f i r s t  category covers cur ren t  model domestic 

veh ic les  which were s u f f i c i e n t l y  damaged t o  r equ i r e  towing from 
* 

t h e  scene,  and i n  which t he re  were minor or  no i n j u r i e s  . T h i s  

provides an assessment of t he  performance of new veh ic les  r e l a t i v e  

t o  in ju ry  causa t ion .  In each case a  GM Co l l i s i on  Performance 

and Injury  Report (Long Form) is completed, veh ic le  occupants a r e  

interviewed and asked the  nature  and extent  of i n j u r i e s  incurred 

and what veh ic le  i n t e r i o r  sur faces  they contacted,  and the accident  

v e h i c l e ,  accident  s i t e  and roadway environment a r e  photographed 

i n  co lor .  Each morning the  previous day po l ice  accident  r epo r t s  

a r e  screened f o r  s e l e c t i o n  and assigned t o  f i e l d  accident  inves- 

t i g a t o r s  who immediately contact  occupants t o  determine the  na tu re ,  

extent ,  and cause of i n ju ry .  Concurrently ,o ther  i nves t i ga to r s  

examine the veh i c l e s .  F i e ld  i nves t i ga to r s  f i l e  a packaged accident  

inves t iga t ion  repor t  which includes t h e i r  own ed i t ed  photography 

and completed forms. 

* Washtenaw County Accident Inves t iga t ions  Program, R .  Darby, 
P r inc ip l e  Inves t iga tor  , sponsored by the  Motor Vehicle 
Manufacturers Associa t ion.  



The other  category of Level I1  acc iden t  i nves t i ga t i ons  

covers acc iden ts  involving cur ren t  model domestic veh ic les  * 
where t he re  were s e r ious  or f a t a l  i n j u r i e s  . These i n v e s t i -  

ga t ions  have been conducted f o r  over t en  years i n  Washtenaw 

County, and the  major i ty  of cases  a r e  i n i t i a t e d  by reviewing 

po l ice  r e p o r t s  of the  previous day 's  acc iden ts  but some a r e  

i n i t i a t e d  on-scene a s  the r e s u l t  of a  po l ice  a l e r t ,  Po l ice  

n o t i f i c a t i o n  usua l ly  is l imi ted  t o  f a t a l  a cc iden t s ,  and may 

come a t  most any time. A s  i n  t h e  f i rs t  category the  f i n a l  r e p o r t s  i n  

clude a  completed GM Co l l i s i on  Performance and Injury  Report 

and veh i c l e  and scene photography, plus photographs of occupant 

i n j u r i e s  when poss ib le .  They a l s o  conta in  a  summary r epo r t  des- 

c r i b i n g  primary causa l  f a c t o r s ,  veh i c l e  and occupant kinematics,  

a  medical de sc r ip t i on  of i n j u r i e s  sus ta ined  by the  occupants,and 

an acc iden t  schematic diagram. 

Level I11 i nves t i ga t i ons  a r e  conducted by a  mu l t i d i s c ip l i na ry  

team cons i s t i ng  of a  mechanical engineer ,  a  psychologis t ,  a  

t r a f f i c  and highway engineer ,  an accident  r e c o n s t r u c t i o n i s t  

and ,a  medical doc tor -pa tho log is t .  Also included a r e  exper t s  

i n  law, toxicology and metal lurgy,  a s  requ i red .  T h i s  approach 

is used f o r  in-depth and d e t a i l e d  case  accident  f ind ings  concerning 

se l ec t ed  acc iden t s .  Accident case  s e l e c t i o n  is based on c r i t e r i a  
* * 

es t ab l i shed  by t he  NHTSA , sponsors of t h i s  por t ion of the  program. 

These s e l e c t i o n  c r i t e r i a  l i m i t  Level I11 i nves t i ga t i ons  t o  acc i -  

den ts  involving a t  l e a s t  one veh ic le  w i t h i n  the  pas t  t h r e e  model 

years ,  t rucks  (wi thin  the previous t en  model years)  , r ec rea t i on  

veh i c l e s ,  motorcycles,  b i c y c l i s t s ,  and pedes t r i ans .  The completed 

formal case  s t u d i e s  cover the  pre-crash,  crash and post-crash 

phases and a l l  f ind ings  r e l evan t  t o  the  human, veh ic le  and environ- 

mental aspec t s  of t he  c r a sh .  
- 

* Washtenaw County Accident C l i n i c a l  Case Inves t i ga t i ons ,  
Donald F .  Huelke, P r i n c i p l e  I n v e s t i g a t o r ,  supported by the  
Motor Vehicle Manufacturers Associa t ion.  

* *  A s  s p e c i f i e d  w i t h i n  the  con t r ac t  work statement f o r  the  
Tri-Level Accident Inves t i ga t i on  Study. 
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Accident a l e r t  comes from a  d i r e c t  po l i ce  c a l l *  or  * *  
monitoring of po l i ce  r a d i o  f requenc ies  , In gene ra l ,  Level 111 

acc iden t  i nves t i ga t i ons  begin a t  the  s i t e  of t he  acc iden t .  

Vehicle occupants and wi tnesses  a r e  interviewed on-scene when 

pos s ib l e  and veh i c l e  and environment c rash  evidence noted and 

preserved.  A minimum of two mu l t i d i s c ip l i na ry  team members 

respond t o  t he  acc iden t .  A d e t a i l e d  procedure f o r  on-scene 

i n v e s t i g a t i o n s  is not poss ib le  because each acc iden t  s u f f i c i e n t l y  

d i f f e r s  from the  previous acc iden t  t o  r equ i r e  some v a r i a t i o n  i n  

approach. However, the fo l l av  ing general  gu ide l ines  a r e  followed 

by acc iden t  team personnel .  

1. Each investigator's approach toward obta ining i n f o r -  
mation when on-scene tends  t o  complement t h e  o t h e r ' s .  
For example, when one i n v e s t i g a t o r  is  involved w i t h  
on-scene veh i c l e  da t a  and photography, t he  o the r  
in terviews d r i v e r s ,  occupants,  o r  wi tnesses  f o r  human 
da t a  needed f o r  r econs t ruc t i ng  t he  accident  i n  d e t a i l  
i n  conjunction w i t h  p o l i c e  r e p o r t s .  

2 .  One i n v e s t i g a t o r  accompanies t he  i n ju red  t o  t he  hospi- 
t a l ,  fo l lows the  i n ju red  through the  Emergency Room 
process ,  and ob t a in s  i n j u r y  informat ion,  and human 
f a c t o r s  da ta  when pos s ib l e .  Also, when p o s s i b l e ,  
neares t  of k in ,  r e l a t i v e s ,  and f r i e n d s  who e n t e r  t he  
h o s p i t a l  a r e  quer ied  f o r  information r e l a t i v e  t o  t he  
i n j u r e d .  T h i s  is most e f f e c t i v e  when done i n  the  com- 
pany of t he  po l i ce  o f f i c e r  respons ib le  f o r  t h e  case .  

3 .  The second on-scene i n v e s t i g a t o r  remains a t  t he  accident  
s i t e  through the  clean-up phase u n t i l  the  var ious  
emergency personnel  involved have depar ted.  A review 
of a l l  even ts  and evidence involved i n  t he  accident  a t  
t h i s  t ime,  under a  more re laxed and contemplative atoms- 
phere,  can provide g r e a t e r  understanding of t h e  o v e r a l l  
acc i . e ,n t  and the  bes t  . a ~ a r o a c h  t o  t ake  From t h a t  point  
on , 

* A s p e c i a l  red telephone used only f o r  incoming po l ice  a l e r t s  
e x i s t s  wi thin  HSRI and the  Univers i ty  Secur i ty  Of f i ce  which 
is manned 24 hours a  day,  Secu r i t y  Off ice  personnel answer 
incoming c a l l s  dur ing the  night  and on weekends and forward 
the  information t o  i n v e s t i g a t o r s  on a  f f c a l l  l i s t ' " .  

* *  Monitor r ece ive r s  a r e  i n s t a l l e d  i n  acc iden t  inves t iga t ion  
veh i c l e s  a s  well  a s  w i t h i n  HSRI. 

* *  H S R I  accident  veh i c l e s  a r e  s p e c i a l l y  equipped fo r  interviewing 
s u b j e c t s  and completing case paperwork i n  the  f i e l d .  



4 .  Independent follow-up i n v e s t i g a t i o n s  f o r  more d e t a i l e d  
(human, v e h i c l e ,  and environmental)  da t a  a r e  accom- 
p l i s h e d  a s  soon a f t e r  t h e  acc iden t  event  a s  p o s s i b l e .  

5 .  A p re l iminary  c a s e  d e b r i e f i n g  is accomplished w i t h  a l l  
involved i n d i v i d u a l s  a t  the  e a r l i e s t  p o s s i b l e  convenient  
t ime a f t e r  t he  a c c i d e n t .  

6 .  The more complete and d e t a i l e d  ca se  s tudy  d e b r i e f i n g  is 
a t tempted only  when a l l  b a s i c  c a se  d a t a  have been acqu i r ed .  

Thus, t he  t h r e e  l e v e l s  of a cc iden t  da ta  a r e  approached 

d i f f e r e n t l y ,  ranging from the  d a i l y  c o l l e c t i o n  of r o u t i n e  

p o l i c e  a cc iden t  r e p o r t s  t o  an on-scene, s p e c i a l i s t  a cc iden t  

team i n v e s t i g a t i o n .  



5 .0  Accident Data 

The f i n i t e  geographic s tudy  a r e a  f o r  t h i s  program is 

Washtenaw County, Michigan. Admittedly a  s i n g l e  county a rea  

in t roduces  b i a se s  i n t o  the  acc iden t  d a t a ,  but the  a r e a  does 

inc lude  both r u r a l  and urban f e a t u r e s  w i t h  a  broad r ep re sen t a -  

t ion of d i f f e r i n g  roadways and popula t ion  c h a r a c t e r i s t i c s .  

Washtenaw County has 711 square  mi les  of urban and r u r a l  

land a l l o c a t e d  t o  a l l  types  of land u se ,  235,000 popu l a t i on , and  

2,000 roadway miles, of which 71 mi les  a r e  f reeways .  Annual 

a cc iden t  s t a t i s t i c s  inc lude  about  65 f a t a l ,  2 ,500 i n j u r y  and 

6 ,000 p roper ty  damage a c c i d e n t s .  Two l a r g e  u n i v e r s i t i e s  and two 

c o l l e g e s  ,p lus  t h e i r  a s s o c i a t e d  r e sea r ch  and advanced l e a r n i n g  

i n s t i t u t i o n s ,  r e s u l t  i n  a  d i sp ropo r t i ona t e  number of young d r i v e r s  

i n  t h e  t o t a l  d r i v e r  popu la t ion .  

The dominant Ann Arbor-Ypsi lant i  urban a r e a  has 780 mi les  

of roadway a s  ~ O ~ ~ O W S :  

C l a s s  Mileage % of T o t a l  

P r i n c i p a l  ( I n t e r s t a t e  Freeways 
(Other Freeways 104 13% 
(Other P r i n c i p a l  A r t e r i a l s  

Minor Ar te r  i a l  

C o l l e c t o r s  

Local S t r e e t s  

The major urban Ftandard Metropol i tan  S t a t  i s t i c a l  Area 

is coterminus w i t h  t h e  boundaries of Washtenaw County. Major 

i n s t i t u t i o n s  w i t h i n  t h i s  urban a r ea  draw t r a f f i c  from a l l  over 

t he  S t a t e  of Michigan and t h e  United S t a t e s ,  



There a r e  more than 140 s i g n a l i z e d  i n t e r s e c t i o n s  wi th in  

the  t r i - l e v e l  s tudy a r e a .  Less than 5% of these  a r e  semi or  

f u l l y  a c t u a t e d .  Standards used f o r  e s t a b l i s h i n g  t r a f f i c  c o n t r o l s  

fo l low a s  c l o s e l y  a s  pos s ib l e  t h e  s p e c i f i c a t i o n s  and gu ide l ine s  

of the Michigan Manual f o r  Uniform T r a f f i c  Control  Devices, and 

a s  amended t o  d a t e ,  the  New National  Manual f o r  Uniform T r a f f i c  

Control  Devices. 

The l e v e l s  of acc iden t  da ta  descr ibed  in  t he  previous s e c t i o n  

a r e  t he  bas i s  f o r  a n a l y s i s  and c o r r e c t i o n  of l o c a l  highway s a f e t y  

problems. These da t a  a r e  conta ined i n  two bas ic  computer f i l e s ,  

the  Washtenaw County Accident F i l e ,  and t h e  Co l l i s i on  Performance 

In jury  Report (CPIR) F i l e ,  a l s o  c a l l e d  t h e  Long Form F i l e .  

The Washtenaw County Accident F i l e  c o n s i s t s  only of mass 

acc iden t  informat ion,  c l a s sed  a s  Level I d a t a .  Per iod ic  f i l e  

"bu i ldsvv  a r e  completed once a  group of ind iv idua l  acc iden t  ca se s  

have been analyzed,  coded and key punched. Ind iv idua l  "hard copy" 

r e p o r t s  of each acc iden t  a r e  a l s o  f i l e d  fo r  r e f e r ence ,  and f o r  

follow-up of ind iv idua l  acc iden t s  of i n t e r e s t .  A r ecen t  updating 

t o  t h i s  f i l e  has increased t h e  t o t a l  number of acc iden t  cases  t o  

33,453.  A s  many a s  177 d i s c r e e t  v a r i a b l e s  may be en te red  f o r  a  

given a c c i d e n t .  The a c t i v e  f i l e  con ta ins  f i v e  years of county 

acc iden t  experience, and use of t he  da ta  is increas ing .  

The CPIR f i l e  includes  t h r ee  i n t e r r e l a t e d  s u b - f i l e s .  

These a r e :  

1. Vehicle F i l e  - conta ins  a  s i n g l e  and complete en t ry  

f o r  each veh i c l e  in  an acc iden t  case  s tudy .  

2 .  Occupant F i l e  - conta ins  a  complete ind iv idua l  record 

of each veh i c l e  occupant i n  an acc iden t  case  s tudy .  

3 .  In ju ry  F i l e  - con ta in s  a  complete s i n g l e  record of each 

person in ju red  i n  an acc iden t  case  s tudy .  

T h i s  f i l e  includes  all m u l t i d i s c i p l i n a r y  acc iden t  i n v e s t i -  

ga t i on  case  s t u d i e s  completed by HSRI, a s  wel l  a s  Level I 1  acc i -  

dent  i nves t i ga t i ons  descr ibed i n  Sec t ion  4 .0 .  Under a  s e p a r a t e  



* 
mTSA c o n t r a c t  , a l l  s i m i l a r  m u l t i d i s c i p l i n a r y  a c c i d e n t  i nves -  

t i g a t i o n  team a c c i d e n t  c a s e  s t u d i e s ,  conducted  by o t h e r  m u l 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  teams around t h e  c o u n t r y ,  

a r e  b e i n g  e d i t e d  and b u i l t  i n t o  t h e  CPIR f i l e .  

In  a d d i t i o n  t o  t h e  Washtenaw County Accident  F i l e  and 

C o l l i s i o n  Performance and I n j u r y  Repor t  F i l e  (CPIR) , HSRI has  

o t h e r  computer s t o r e d ,  e a s i l y  a s s e s s i b l e  d a t a  f i l e s  a v a i l a b l e  

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

t r i - l e v e l  s t u d y  a r e a .  These f i l e s  a r e  t a b u l a t e d  i n  Tab le  5-1 

t o  i l l u s t r a t e  the i r  v a l u e  and u t i l i t y  i n  supp lemen t ing  a c c i d e n t  

d a t a  p e c u l i a r  t o  Washtenaw County.  

Three c l a s s e s  of d a t a  a r e  a v a i l a b l e .  Each c o n t a i n s  i n f o r -  

mat ion which can  be used  t o  s u p p o r t  a  wide v a r i e t y  of a n a l y s i s  

t o p i c s .  

TABLE 5-1 HSRI DATA FILES 

S t a t e w i d e  

Michigan F a t a l  A c c i d e n t s  

Oakland County 

V e h i c l e  R e g i s t r a t i o n  Sample F i l e  
P o l i c e  Repor ted  T r a f f i c  A c c i d e n t s  
Leve l  I11 C l i n i c a l  I n v e s t i g a t i o n s  

Washtenaw County 

Dr ive r  R e g i s t r a t  ion Sample F i l e  
V e h i c l e  R e g i s t r a t i o n  Sample F i l e  

The Washtenaw County d r i v e r  sample f i l e  c o n t a i n s  e x t e n s i v e  

i n f o r m a t i o n  on t h e  p a s t  d r i v i n g  h i s t o r y  of t h i s  p o p u l a t i o n .  

The d a t a  can  p rov ide  a  p r o f i l e  of t h e  number of a r r e s t s ,  

a c c i d e n t s ,  c o n v i c t i o n s ,  and v i o l a t i o n s  f o r  " t y p i c a l w  

d r i v e r s ,  

* DOT c o n t r a c t  No. DOT-HS-031-1-037, M u l t i d i s c i p l i n a r y  Accident  
I n v e s t i g a t i o n  Report  Automation.  



Vehicle r e g i s t r a t i o n  f i l e s  provide a  s imi l a r  p r o f i l e  

fo r  v e h i c l e s .  Information i n  these  f i l e s  include:  

(1)  Model Year 

(2)  Vehicle Make 

( 3 )  Body S t y l e  

(4) V .  I.N. 

(5)  Weight 

(6)  Number of Cyl inders  

( 7 )  Engine C .  I .  D.  

(8) Engine H.P. 

In  add i t i on  t o  acc iden t  and highway s a f e t y  data  t h a t  is 

pecu l i a r  t o  Washtenaw County and Michigan, HSRI maintains a  

l a r g e  volume of acc iden t  da ta  represen t ing  other  a r ea s  of the  

United S t a t e s .  Some of these  a r e :  

(1)  Denver County, Colorado 

(2)  An e i g h t  county area  around Buffa lo ,  New York 

( 3 )  King County, Washington ( S e a t t l e )  

(4)  Dade County, F lor ida  (Miami) 

( 5 )  Sample of a l l  Texas Accidents 

(6)  Bexar County, Texas 



6 . 0  Mul t i d i s c ip l i na ry  Case S tud ies  

A t o t a l  of 50 in-depth, mu l t i d i s c ip l i na ry  case s t u d i e s  were 

completed t h i s  pas t  year .  These included most a l l  of the primary 

acc iden t  or i e n t a t i o n s  (head-on, s i d e  impact, e t c  . )  and such 

veh i c l e  types a s  school buses,  t r u c k s ,  multipurpose v e h i c l e s ,  

motor homes, motorcycles,  b i c y c l i s t s , a s  we l l  a s  pedes t r i ans .  

Table 6.0-1 is a  t abu l a t i on  of these  case  s t u d i e s  by case  

number, model year ,  type ,  body s t y l e  and model of veh i c l e ,  * 
speed,  veh ic le  damage index,  and acc iden t  con f igu ra t i on .  I t  is 

presented here a s  a  d e s c r i p t i v e  summary index of a l l  Level I11 

ca se s .  

The re levance of these  Level I11 acc iden t  case  s tudy inves- 

t i g a t i o n s  t o  var ious  motor veh i c l e  s a f e t y  s tandards  is tabu la ted  

i n  Table 6.0-2. These s t anda rds ,  which r e s u l t e d  from the  National  

T r a f f i c  and Motor Vehicle Safety  Act of 1966, d e t a i l  va r ious  

v e h i c l e  performance s p e c i f i c a t i o n s  or requirements,  t o  which 

veh i c l e s  must conform, when manufactured. 

Noteworthy is the  many ins tances  (25) i n  which Motor 

Vehicle Program Standard #201, Occupant P ro t ec t i on  i n  I n t e r i o r  

Impact, has been c i t e d .  T h i s  s t andard  s p e c i f i e s  veh i c l e  i n t e r i o r  

performance i n  a  c rash  s o  a s  t o  minimize in ju ry  t o  occupants.  

Other f r equen t ly  c i t e d  s tandards  a r e  h!VPS #203, S t ee r ing  Controls  

and MVPS #205, Glazing Mater ia l s  which a l s o  r e l a t e  t o  veh i c l e  

i n t e r i o r s ,  and t h e i r  propensi ty  towards in ju ry  product ion .  

The s u r p r i s i n g l y  f requent  c i t i n g  of MVPS #301, Fuel Tanks, 

Fuel F i l l e r  P ipes ,  and Tank Connections r e s u l t e d  pr imar i ly  from 

the  many acc iden t s  i n  which f u e l  leakage was noted.  In  two 

acc iden t s  (AA335 and AA338), f i r e  completely destroyed the  veh i c l e s ,  

but w i t h  no r e s u l t i n g  i n ju ry  t o  occupants.  

I n  order t o  eva lua te  t he se  m u l t i d i s c i p l i n a r y  case  s t u d i e s  

completed dur ing t he  year w i t h  s i m i l a r  i n v e s t i g a t i v e  e f f o r t s  

nat ionwide,  the  CPIR da ta  f i l e  was searched r e l a t i v e  t o  a  number 

* Vehicle Deformat ion Index (VDI) i n  accordance w i t h  recommended 
p r a c t i c e  of veh i c l e  deformation c l a s s i f i c a t i o n  a s  s e t  f o r t h  
i n  SAE Technical  Report J224a. 



T a b l e  6.0-1.  HSRI M u l 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  Case  S t u d i e s  

A c c i d e n t  Conf i g u r a  t ion  
-- -- . - - - - - - 

v e r y  

--- - -- - - - .. - -. -. . -- . -. - . -. - - - - - 

Conv . 11 -FYEW-2 -- - - - - -. 

hlnke 

J e e p  - 

Plvmout h 

Model 

TEKiTa 
V e h i c l  ------ 

V a l i a n t  

Fo rd  Maver i ck  2 d o o r  1 13 ~~~~~~~ 1 I n t e r s e c t i o n  - -  - 
2 d o o r  34 09-LPMW-1 Pon t  i a c  Bonnev ill£ 

Plymouth  S a t e l i t e  I 
C h e v r o l e t  Impa la  

Ranch 
F o r d  Wagon 

-- - - -- 

S t a .  Wagon 0 02-RFEW-2 I n t e r s e c t i o n  --- - 
Conv. 3 5  09-LPAW-3 

04-RBMS-1 - -- - -- - - - - - 
4 d o o r  50  01-FREW-5 Fixed O b j e c t ,  .Head-on 

- - - - -- - 
0 1 -RDAW -9 

2 d o o r  7 0  08-LBEW-1 Head-on 

F i a t  S p o r t  850 

v o  l v  0 

Schoo 
4 d o o r  60 11-FDAW-6 

I 
. -- -. - 

Spec i a  

307 

I Bus I I R o l l o v e r  

I 
-- -- .- -~~- 

M o t o r c y c l e  j Rear-end 
1 I 

- - - - - - - . - - 

S t a  . wagon1 07-RCEN-1 -_ a - - - - -- - - - .- - . 
Ambulance 

Van 2D 02-RFEW-3 I n t e r s e c t  i o n  
-. - .-. - - - - - 

Conv . 7-LPAN-1 
--- -- -- --a - 

C a d i l l a c  1 d e ~ i l l e  

P o n t i a c  I F i r e b i r d  
-- 

Ford  Mustang 

4 d o o r  -5 06-BLEW-5 
- - -. . - - . - - -  - -  -- 

2 d o o r  3 0  12-FYEW-2 Head-on 
I I I -. 

2 d o o r  2 0  12-FYEW-1 Mercury  Comet ---I-- 









TABLE 6.0-2 

Motor Vehicle Safety  Standards 

"standard No. 

101 

103 

105 

108 

111 

122 

201 

202 

203 

Standard T i t l e  
Times 

Referred 

Control  Location,  I d e n t i f i c a t i o n  & I l lumina t ion  1 

Windshield Defrost ing & Defogging Systems 1 

Hydraulic Brake Systems 1 

Lamps, Re l fec t ive  Devices & Associated Equipment 1 

Rearv iew Mirrors 1 

Motorcycle Brake Systems 1 

Occupant Pro tec t ion  i n  I n t e r i o r  Impact 

Head R e s t r a i n t s  

Impact P ro t ec t ion  f o r  Driver from Steer ing  
Control  System 12 

S tee r ing  Control  Rearward Displacement 3 

Glazing Mater ia l s  10 

Door Locks and Door Retention Components 9 

Anchorage of Sea ts  7 

Accoupant Crash Pro tec t  ion 

Seat  Be l t  Assemblies 

Windshield Mounting 

Child Sea t ing  Systems 

Side Door Strength 8 

Roof Crush Resistance 4 

F u e l  Tanks, Fuel F i l l e r  P ipes ,  Tank Connections 12 

Flammability of I n t e r i o r  Mater ia ls  2 



of key acc iden t  v a r i a b l e s .  Figure  6.0-1 compares u rban / rura l  

a cc iden t s  w i t h  the  complete CPIR f i l e ,  and shows good agreement 

with t h e  percentage of u rban / rura l  acc iden t  cases  i n i t i a t e d  by 

o ther  m u l t i d i s c i p l i n a r y  teams about t h e  country .  Figures  6.0-2,  

6 .0-3 ,  6.0-4, 6.0-5, 6.0-6 and 6.0-7 s i m i l a r l y  compare r o l l o v e r  

a c c i d e n t s ,  veh i c l e  involvement by manufacturer ,  l im i t ed  access  

highway a c c i d e n t s ,  acc iden t  l o c a l i t y ,  a cc iden t s  by hour of the  

day and acc iden t s  by day of the  week. Oke ra l l ,  HSRI acc iden t  case  

s t u d i e s  a s  shown matched s i m i l a r  da ta  i n  t he  CPIR f i l e .  

The summarizing of a l l  acc iden t  case  s t u d i e s  by matr ix  c e l l  

f a c t o r s  proved i n t e r e s t i n g .  This mat r ix  is u t i l i z e d  t o  more 

convenient ly  and accu ra t e ly  ca t ego r i ze  causa l  f a c t o r s ,  f i n d i n g s ,  

conclus ions  and recommendations o f f e r ed  by r e sea rche r s  and is 

included i n  each ind iv idua l  acc iden t  case  s tudy ,  w i t h  an appro- 

p r i a t e  l i s t i n g  of matr ix  c e l l  f a c t o r s  a s  they r e l a t e  t o  t he  a c c i -  

dent  being r epo r t ed .  

Each d i r e c t l y  r e l evan t  c e l l  f a c t o r  cons idera t ion  is numeri- 

c a l l y  grouped by t h e  fol lowing matr ix  des igna t ion .  

Pre-Crash Crash Post-Crash 

Human 

Vehicle 

Env ironmen t a l  

A c i t i n g  of c e l l  f a c t o r  one (1)  in a  case  s tudy ,  fo r  example, 

would p e r t a i n  t o  some r e l evan t  human f a c t o r  cons idera t ion  p r i o r  

t o  t he  c r a s h ,  which con t r i bu t ed  i n  some manner t o  the a c t u a l  

occurrence of the  c o l l i s i o n .  Noting an improper evasive a c t i o n  





FIGURE 6.0-2 
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FIGURE 6 .0 -4  

Percentage of Limited Access Highway Accidents 

CPIR File 1972-73 Contract Year 



FIGURE 6.0-5 
Accident L o c a l i t y  
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FIGURE 6.0-7 
Number of Accidents by Day of Week 
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on the par t  of a  dr iver  would, for example, be c l a s s i f i e d  

w i t h i n  c e l l  fac tor  one (1). A summing of these c e l l  f ac to r s  

and t h e i r  grouping-according t o  the matrix organization i s  presented 
i n  Table 6.0-8. A plus (t) indicates  a  pos i t ive  fac tor  or some 

ac t ion ,  event ,or  condition which tended to  amerliorate the e f f e c t s  

of the crash ,  such as  prompt emergency medical response. A minus  

(-) indicates  a  negative f a c t o r ,  or damage or injury sever i ty  

increasing f a c t o r ,  such as  dr iver  impairment from alcohol consump- 

t ion .  T h i s  t ab le  indicates  the predominance of negative human 

pre-crash f a c t o r s ,  emphasizing tha t  the vulnerable element i n  the 

accident process is the human f a c t o r .  

In Table 6.0-9 a  tabulat ion of these same matrix c e l l  f ac to r s  

is presented so  as  t o  i l l u s t r a t e  t h e i r  r e l a t ionsh ip  t o  individual 

accident case s tud ies .  

Table 6.0-10 is a  tabulat ion of individual mult idiscipl inary 

invest igat ion accident case s tudies  summarizing the environmental 

f a c t o r s .  The majority of accidents occurred under c l e a r ,  dry,  

l ighted  roadway conditions.  

The 50 case s tud ies  involved 79 vehic les ,  1-28 occupants, 
and 6 pedestrian accidents which involved 3  adul t  and 3  chi ld  

pedestrians . 
The mean age of the dr iver  population was 33 (32, male, 34 

female). The median age was 36 and the most frequent age was 22, 

indicat ing the higher accident involvement of young dr ivers  and 

the r e l a t i v e l y  h i g h  proportion of young dr ivers  i n  t h i s  universi ty  

community sample. 

Twenty two of the 128 occupants were lap belted (17 .6%),  

None of the occupants wore the upper torso  b e l t .  One infant  i n  

a  ch i ld  sa fe ty  s e a t  was not in jured ,  

Of  the 78 d r i v e r s ,  34 (44%) were primarily responsible for  

the accident ,  20 (26%) contributed t o  the accident ,  and 24 (26%) 

were not a t  f a u l t .  

Table 6.0-11 i l l u s t r a t e s  the d i s t r i b u t i o n  of dr iver  respon- 

s i b i l i t y  and sex. - Young dr ivers  were more responsible for  
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a c c i d e n t s .  Approximately 50% of t he  16 - 29 year o l d  d r i v e r s  

were p r imar i l y  r e spons ib l e .  None of t he  f i v e  d r i v e r s  aged 40 

t o  44 i n i t i a t e d  t h e  a c c i d e n t .  Two d r i v e r s  over age 7 5  were 

pr imar i ly  respons ib le  f o r  the  acc iden t s  i n  which they were 

involved.  



7 . 0  Human Factors  

Those d r ive r  a c t  ions inappropr ia te  t o  the  human, veh i c l e ,  

and roadway t r a f f i c  environment ( e .  g .  speeding,  r eck l e s s  d r iv ing ,  

dec i s ion  e r r o r s ,  and i n a t t e n t i o n )  were observed in  a l l  of the  

in-depth case s t u d i e s  completed t h i s  pas t  year .  Driver behaviorism, 

d i r e c t l y  or i n d i r e c t l y ,  was assoc ia ted  w i t h  l i f e  s t r e s s e s ,  The 

more gross  and obvious l i f e  s t r e s s e s  showed up during d r ive r  

in terviews,  o r  were r e f l e c t e d  in dr iv ing records .  Presumably 

more s u b t l e ,  hard t o  i d e n t i f y ,  but d e b i l i t a t i n g  s t r e s s e s  a l s o  

were present  i n  many ins tances .  

Driver behavior i n  the  sample of a l l  mu l t i d i s c ip l i na ry  case 

s t u d i e s  var ied  according t o  the  l i f e  s t y l e ,  i nd iv idua l i t y ,  age,  

sex ,  and s i t u a t i o n .  Individuals  under g rea t  s t r e s s  were more 

f requent ly  involved i n  acc iden ts  and had accumulated more moving 

v i o l a t i o n s .  In t h i s  group of accident  s t u d i e s ,  d r i v e r s  under 

s t r e s s  were involved i n  more severe  acc iden ts  assoc ia ted  w i t h  

high speed,  r eck l e s s  d r iv ing ,  and a lcohol .  Of the twelve 

examples of such severe  accident  ca se s ,  e i g h t  included four teen 

of the  seventeen r e s u l t i n g  f a t a l i t i e s .  A l l  d r i v e r s  i n  these  

acc iden ts  were young t o  middle aged males, and a l l  b u t  one a lcohol  

impar ied d r ive r  l ived  under s t r e s s ,  a s  described herein .  

The a t - f a u l t  d r ive r  i n  AA306, a  30 year o ld  black male,evi- 

denced s t r e s s  r e l e a s e  i n  d r iv ing  e r r o r s ,  speeding,and r eck l e s s  

d r iv ing ,  H i s  pas t  h i s to ry  indicated a  pa t t e rn  of impulsive, in-  

cons idera te  ac t i ons  and over t  h o s t i l i t y ,  Before the  case high 

speed f a t a l  acc iden t ,  he had been in  a  severe  f a t a l  accident  

while drag rac ing ,  which r e s u l t e d  i n  the  death of h i s  b ro ther .  

Although described by family and f r i e n d s  a s  a  good natured,  

generous man, he was, in  o ther  environments, h o s t i l e  and d i s -  

r up t ive .  A t  work he was u n r e l i a b l e .  He f requent ly  took time 

off w i t h  compensation f o r  a  minor physical  d j s a b i l i t . ~ ,  o r  went 
par tying and dr inking on a  work day, Toward h i s  co-workers and 

superv i sors  he was o f t en  h o s t i l e  and th rea ten ing .  He had been 

involved in  such cr iminal  a c t i v i t i e s  a s  t h e f t  and drug dea l ing .  



Usually a  normal d r i v e r  , he sometimes made T'sloppyu dr iv ing  

e r r o r s  and he l i ked  t o  speed. A d r i v e r ' s  l i c ense  i n  h i s  own 

name had expired and a  l i c ense  under an a l i a s  was suspended. 

I n  a  four year period he had v i o l a t i o n s  f o r  speeding twice,  

an improper t u r n ,  and f a i l u r e  t o  s i g n a l .  In four recorded 

acc iden ts  he was c i t e d  once f o r  improper overtaking and twice 

fo r  speeding. He was reexamined twice and th r ee  times f a i l e d  

t o  appear f o r  reexamination. His l i c ense  had been suspended fo r  

e igh t  months p r io r  t o  the  accident  i n  which he met h i s  death ,  

and he had one c i t a t i o n  fo r  d r iv ing  while suspended, 

Living under s t r e s s  was i l l u s t r a t e d  i n  AA328 when the  28 

year o ld  male d r i v e r ,  an i n t e l l i g e n t ,  innovative engineer and 

par t t ime s tuden t ,  who repor ted ly  had worked 15 t o  20 hours over- 

time weekly fo r  s i x  months, was described a s  a  nervous, s t r i v i n g  

overachiever.  After  a  weekend of work, a lcohol  impaired, he 

s t a r t e d  out  a t  midnight f o r  h i s  g i r l f r i e n d ' s  house which was an 

hour 's  d r ive  away. Presumably a l e r t e d  t h a t  he had d r i f t e d  off 

the  roadway by the  sound of crunching snow, he ev iden t ly  t r i e d  

t o  recover and get  back t o  the  roadway but ins tead  went i n t o  a 

f a t a l  r o l l o v e r .  H i s  d r iv ing  record indicated v i o l a t i o n s  t h a t  

would r e s u l t  from s t r e s s  or  preoccupation -- e . g .  disobeying 

a  red t r a f f i c  s i g n a l ,  running a  red l i g h t ,  making prohibi ted  

t u r n s ,  d r iv ing  the wrong way, numerous no ta t ions  f o r  speeding, 

and two acc iden ts  in which he drove l e f t  of cen t e r ,  and one 

r e s u l t i n g  from disregarding a  t r a f f i c  s i g n a l .  

In s eve ra l  cases  hazardous dr iv ing  was d i r e c t l y  assoc ia ted  

w i t h  a s p e c i f i c  s t r e s s  s i t u a t i o n .  In AA303, f o r  example, a  

d r iver  w i t h  a  near normal d r iv ing  h i s to ry ,  angered a t  being 

delayed by t r a f f i c  congestion in  a  cons t ruc t ion  zone, s l ipped  

off  the  road edge while hurr iedly  passing a  veh ic le  beyond the  

cons t ruc t ion  s i t e .  Again in  Case AA335 an angry,  in tox ica ted ,  

male d r ive r  drove i n t o  the  r ea r  of another veh ic le  a t  high speed, 



fol lowing a  family  argument. He evidenced a n t i s o c i a l ,  h o s t i l e  

r e a c t i o n s  and had had numerous speeding and r e c k l e s s  d r i v i n g  

convic t ions  and s e v e r a l  p r i o r  a c c i d e n t s .  

Degree and type of s t r e s s  appear t o  determine t he  type and 

magnitude of d r i v i n g  e r r o r .  A male d r i v e r  who was in  an acc iden t  

fo l lowing a family argument (AA335), was under s t r e s s  t o  t he  point  

of emotional i n s t a b i l i t y .  He had had previous a c c i d e n t s ,  speeding 

and c a r e l e s s  d r i v i n g  v i o l a t i o n s ,  a s  wel l  a s  DUIL convic t ions .  

Another 28 year o l d  d r ive r  (AA347) under moderate l i f e  s t r e s s  

had a  h i s t o r y  of speeding v i o l a t i o n s  and a c c i d e n t s .  A 21 year 

o l d  male d r i v e r  (AA355) who evidenced s l i g h t  s t r e s s  had previous 

speeding v i o l a t i o n s ,  but no previous acc iden t s .  

S t r e s s  was a  f a c t o r  in  f i v e  of seven a lcohol  r e l a t e d  a c c i -  

den ts  which were s tud i ed  in  depth .  Overa l l  l i f e  s t r e s s  was 

p resen t  i n  four of these  a lcohol  impar ied  d r i v e r s .  For example, 

alcoholism and a  per iod of depress ion cha rac t e r i zed  a  49 year 

o ld  d r i v e r  descr ibed a s  u n f u l f i l l e d  i n  work, m a r i t a l ,  and s o c i a l  

r e l a t i o n s  (AA305) . He was f a t a l l y  i n ju red  when, dr iv ing  a lone too 

f a s t  f o r  cond i t i ons ,  he overcor rec ted  and l e f t  t he  roadway. In 

Case AA355, s t r e s s  was  ind ica ted  i n  a  d r ive r  w i t h  a  normal l i f e  

h i s t o r y .  A 21 year o l d ,  d r iv ing  a  high-powered Mmusclell c a r  

f o r  t he  f i r s t  t ime,  he l o s t  c o n t r o l  while speeding down a  country 

road .  In each of two o the r  ca se s  of a lcohol  r e l a t e d  acc iden t s  

t he  d r i v e r  was d i s t r a c t e d  while conversing w i t h  passengers and 

l e f t  t h e  roadway. 

Male d r i v e r s  under s t r e s s  f r equen t ly  a r e  involved i n  severe  

c o l l i s i o n s ;  female d r i v e r s  under s t r e s s  a r e  over involved i n  

a cc iden t s  but not too severe  c o l l i s i o n s .  Perhaps t h i s  d i f f e r ence  

is due t o  t h e  male tendency t o  r e a c t  t o  s t r e s s  by high speeding 

and drinking,whereas t he  female tendency is t o  r e a c t  t o  s t r e s s  

through var ious  forms of preoccupation.  A l l  but one of n ine  

c o l l i s i o n s  involving females under s t r e s s  were a t t r i b u t e d  prima- * 
r i l y  t o  i n a t t e n t i o n  a lone . 
* A s o l e  f a c t o r .  Not " i n a t t e n t i o n  and speedingi i ,  or  " i n a t t e n -  

t i o n  and d e l i b e r a t e  e r r o r " ,  



A 24 year  o ld  woman (AA322), when t r a v e l l i n g  10 mph over 

t he  speed l i m i t ,  was unable t o  s t o p  i n  time t o  avoid crashing 

i n t o  t he  r e a r  of a  stopped veh ic le .  Compounded by speeding, her  

percept ion and r eac t i on  time were delayed.  The d r i v e r  f e l t  t h a t ,  
had she not  been worried and preoccupied a t  t h e  time, she would 

have perceived the  s i t u a t i o n  more quickly  and reac ted  f a s t e r  t o  

avoid the  c o l l i s i o n .  Two weeks l a t e r  she had a  second accident  

r e s u l t i n g  from a  f a i l u r e  t o  observe an oncoming veh ic l e ,  and 

she f e l t  t h a t  preoccupation again caused the  acc iden t ,  She had 

had two moving v i o l a t i o n s  i n  the  pas t  year but none in the  previous 

four years .  

AA353 i l l u s t r a t e d  c l e a r l y  lack of percept ion of an oncoming 

veh ic l e .  A 22 year o ld  woman d r ive r  was stopped in  t he  tu rn ing  

lane of a  busy thoroughfare,  intending t o  t u rn  l e f t  i n t o  a  gas 

s t a t i o n  driveway 40 f e e t  from an i n t e r s e c t i o n .  She observed a  

c y c l i s t  approaching in  t he  d i s t ance ,  T r a f f i c  was moderately 

heavy and she waited f o r  a  stream of c a r s  t o  pass through the  

i n t e r s e c t i o n  pas t  he r .  Then, focusing on a  veh ic le  apparent ly  

s topping a t  the  curb lane  a t  the  i n t e r s e c t i o n ,  she decided the  

l i g h t  was red t o  oncoming t r a f f i c  and began t o  t u r n ,  A t  t h i s  

moment the c y c l i s t  was 40 f e e t  from her approaching a t  3 5  mph, 

and a  c o l l i s i o n  was unavoidable. A combination of information 

overload a t  a  busy i n t e r s e c t i o n  and an i nco r r ec t  assumption about 

the  l i g h t  being red con t r ibu ted  t o  the  acc iden t ,  although the 

c y c l i s t  was r e a d i l y  v i s i b l e .  Had the  d r ive r  not made an impulsive 

and inco r r ec t  dec i s ion  about the  l i g h t ,  but ins tead surveyed the  

i n t e r s e c t i o n  a s  would a  re laxed ,  a l e r t  d r i v e r ,  the  acc iden t  would 

have been avoided. S t r e s s  was evident  i n  t he  d r i v e r .  The day 

of the acc iden t  she was fa t igued  from work. She was r ecen t ly  

divorced,  and bore the r e s p o n s i b i l i t i e s  f o r  a  job and r ea r ing  

a  young c h i l d ,  She appeared s l i g h t l y  nervous and f l i g h t l y .  I n  

t h r ee  years of d r iv ing  she had received s i x  moving v i o l a t i o n s  

( four  f o r  disobeying s t o p  s igns  and two fo r  speeding) and had 



been i n  two a c c i d e n t s .  One acc iden t  occurred  when she  r an  i n t o  

t h e  r e a r  of a  veh i c l e  whi le  l i g h t i n g  a  c i g a r e t t e .  She was a  

heavy smoker. She s t a t e d ,  " I  t h i n k  I ' m  a  good d r i v e r ,  a t t e n t i v e  

and c a r e f u l t T .  Understandably,  she  f e l t  a  l i t t l e  befuddled about 

t h i s  a cc iden t  because she bel ieved she had been cau t i ous  and was - - 
concen t r a t i ng  on her d r i v i n g .  However, she  wasn' t  a t t e n t i v e  t o  

t h e  whole environment , 

A 20 year o l d  woman d r i v e r  was involved i n  a  rear-end 

acc iden t  s h o r t l y  a f t e r  she  had been r e l ea sed  from a  p s y c h i a t r i c  

h o s p i t a l  f o r  t rea tment  of a  mental d i so rde r  and drug add i c t i on  

(AA352). Although t h e  d r i v e r  appeared t o  be a  quick ,  a l e r t  young 

woman, delayed percep t ion  was a l s o  a  f a c t o r  i n  t h i s  a c c i d e n t .  

She had s i m i l a r  rear-end acc iden t s  twice be fo r e .  

Dr ive rs  having r e l a t i v e l y  balanced,  uns t ressed  l i f e  s t y l e s  

and average ,  o r  near average ,  d r i v e r  r e co rds ,  a l s o  evidenced 

some of t he  same behaviorisms a s  d r i v e r s  under s t r e s s  ( i n a t t e n -  

t ion ,  i n c o r r e c t  dec i s i on  making, e t c .  ) w i t h  t h e  marked except  ion 

t h a t  they  appeared not t o  t ake  t h e  r i s k s  (speeding,  r e c k l e s s  

d r i v i n g ,  and d r i v i n g  while  a l coho l  impaired) indulged i n  by male 

d r i v e r s  under extreme s t r e s s .  S u b t l e ,  unobserved s t r e s s e s  may 

have been p resen t  i n  a l l  the  o the r  a cc iden t  c a se s  w i t h  some 

l i m i t i n g  e f f e c t  on d r i v e r  performance, 

The most f r equen t  a cc iden t  d r i v i n g  cha rac t e r  i s t i c  found among 

the  d r i v e r s  i n  these  case  s t u d i e s  was i n a t t e n t i o n .  There were 

two i n s t ances  where d r i v e r s  f a i l e d  t o  heed r a i l r o a d  warning b e l l s  

and l i g h t s ;  one a  middle-aged woman out  f o r  a  d r i v e  a t  n igh t  on 

her way home from work (AA327); another  a  young g i r l  whose a t t e n -  

t i o n  was f i x e d  on a  moving veh i c l e  and green t r a f f i c  s i g n a l  a t  

the  i n t e r s e c t  ion ahead (AA343) . Driver  i n a t t e n t  ion f r equen t l y  

r e s u l t s  i n  a cc iden t s  a t  i n t e r s e c t i o n s .  For example, one d i s t r a c t e d  

d r i v e r  drove through a  red  t r a f f i c  s i g n a l  (AA301) , and another  

d r i v e r  absentmindedly fol lowed t h e  veh i c l e  ahead of her i n t o  t he  

i n t e r s e c t i o n  (AA318). In most i n s t ance s ,  however, t he  a t - f a u l t  



d r i v e r  stopped b r i e f l y ,  o r  not  completely,  a t  the  i n t e r s e c t i o n  

and then drove i n t o  t h e  path  of an oncoming v e h i c l e .  Often 

t h e  o the r  d r i v e r  i n  the  c r a sh  was unprepared f o r  c r o s s i n g  v e h i c l e s ,  

or  was speeding.  

S igh t  d i s t a n c e  and confusing roadway design con t r i bu t ed  

t o  numerous i n t e r s e c t i o n  a c c i d e n t s .  However, given such 

environmental  condi t ions ,  one or  t he  o the r  d r i v e r  could have 

ave r t ed  t h e  acc iden t .  Preoccupation due t o  s t r e s s  appears t o  

be t h e  cause of d r i v e r  i n a t t e n t i o n  i n  such in s t ances .  

I n  two ca se s  the  d r i v e r  made a  d e l i b e r a t e  dec i s ion  t.o fol low 

a  dangerous course  of a c t i o n .  In  each ins tance  the  d r i v e r  was 

preoccupied w i t h  an a d d i t i o n a l  demand on h i s  a t t e n t i o n .  One 

d r i v e r  at tempted t o  make an i l l e g a l  U t u rn  over an expressway 

crossover  road in  o rder  t o  r e t r i e v e  a  j acke t  con ta in ing  persona l ly  

va luab le  items a f t e r  i t  had blown ou t  t he  window (AA307), On a  

da rk ,  snowy n igh t  a  t ruck d r i v e r  a l s o  at tempted an i l l e g a l  U t u r n  

on an expressway median i n  order  t o  ge t  t o  tow a  d i s ab l ed  v e h i c l e  

(AA330). In each ins tance  concen t ra t ion  on making t h e  U t u r n  took 

p r i o r i t y  over o the r  dr iv ing  t a s k s .  Each d r i v e r  d i sp layed  mental 

impairment while a c t i n g  on h i s  d e c i s i o n .  The f i r s t  d r i v e r  g ros s ly  

misjudged the  a r r i v a l  time of an approaching c y c l i s t .  The second 

d r i v e r  f a i l e d  t o  note  an over tak ing  v e h i c l e  i n  the  pass ing lane .  

Two acc iden t s  r e s u l t e d  from excess ive  speeding.  A young 

male d r i v e r  (AA337), speeding because he was l a t e  f o r  work, crossed 

t o  t h e  opposing l ane  while rounding a  curve on a  narrow s t r e e t  

and crashed head-on i n t o  an oncoming v e h i c l e .  Another young male 

d r i v e r  , "e la  t edn  from success  a t  work, while speeding and i n a t t e n -  

t i v e ,  drove i n t o  a  complex i n t e r s e c t i o n  and was s t r u c k  in  t he  

s i d e  by a  t u rn ing  v e h i c l e  (AA307). H i s  record showed speeding 

and "blocking" type moving v i o l a t i o n s  and two previous a c c i d e n t s .  

In only  two of t he  f i f t y  in-depth case  s t u d i e s  was the  d r i v e r  

speeding i n  o rder  t o  g e t  t o  a  s p e c i f i c  p l ace .  I n  a l l  o ther  

i n s t ances  speeding seemed t o  be due t o  behavior under s t r e s s .  





Physical  d i s a b i l i t i e s  welle l9elcv:\n t causa l  f a c t o r s  i n  

some acc iden t s .  An undiagnosed predinbot i c  condit ion is be1 leved 

t o  have con t r ibu ted  t o  d r ive r  f a i l u r e  to  check fol c lea rance  a t  

a  y i e l d  s i g n  on a  country r o a d , r e s u l t i n g  i n  an acc iden t  (AA319). 

The d r ive r  had displayed symptoms of the  disorder  i n t e r m i t t e n t l y  

f o r  s e v e r a l  months p r io r  t o  the  acc iden t .  On the  morning of t he  

accident  she had a  headache, f e l t  f a i n t ,  and su f f e r ed  from an 

upset  stomach. The condi t ion  was diagnosed a t  the  h o s p i t a l  

a f t e r  t he  acc iden t .  A young black female d r ive r  (AA314) passed 

out  momentarily, crossed t o  the  opposing l a n e ,  and c o l l i d e d  w i t h  

an oncoming v e h i c l e .  Recently marr ied,  burdened w i t h  t h e  r e s -  

p o n s i b i l i t i e s  f o r  a  young baby and a  job, she  was f a t i gued  from 

lack of s l e e p  and her work. She a l s o  was an inexperienced and 

f e a r f u l  d r i v e r .  A four foot-eleven inch woman a f f l i c t e d  w i t h  

seveye s c o l i o s i s  (curva ture  of the sp ine)  had d i f f i c u l t y  a d j u s t i n g  

t o  f l o o r  peda ls ,  which r e s u l t e d  in  a  c o l l i s i o n  when she a c c i -  

den t ly  depressed the acce l e r a to r  pedal ins tead  of t h e  brake.  

None of t he  acc iden t s  could be a t t r i b u t e d  t o  d i r e c t  drug 

involvement. However drug usage by one female d r i v e r  under 

s t r e s s  both stemmed from and compounded her d i f f i c u l t  l i f e  

circumstances.  Dietary  h a b i t s  appeared t o  be i r r e g u l a r  among 

some of t h e  case  d r i v e r s ,  p a r t i c u l a r l y  d r i v e r s  under s t r e s s .  

Severa l  young d r i v e r s  e x h i b i t i n g  s t r e s s  symptoms su f f e r ed  from 

u l c e r s  and hype rven t i l a t i on .  

Two acc iden ts  involved e l d e r l y  d r i v e r s .  An 89 year o ld  

female d r i v e r  decided t o  back up t o  an expressway e x i t  and was 

s t ruck  from the  r e a r  (AA312). A second e l d e r l y  d r ive r  e i t h e r  

r o l l e d  through a  s t o p  s ign  (according t o  t he  o ther  v e h i c l e  d r i v e r )  

or became s o  preoccupied w i t h  checking fo r  t r a f f i c  i n  one d i r ec -  

t i o n  she neglected t o  check in  the  d i r e c t i o n  of oncoming t r a f f i c .  

Both d r i v e r s  expressed unwarranted confidence i n  t h e i r  d r iv ing  

a b i l i t i e s .  Interviews w i t h  e l d e r l y  d r i v e r s  i nd i ca t e  a  tendency 

f o r  them t o  overes t imate  t h e i r  d r i v i n g  competence. Driver 

l i c e n s i n g  agenc ies ,  insurance r e p r e s e n t a t i v e s ,  and physic ians  



could  a s s i s t  them i n  eva lua t ing  and improving t h e i r  competency 

t o  d r i v e .  These two e l d e r l y  d r i v e r s  held outmoded concepts 

of roadways. E lder ly  d r i v e r s  would bene f i t  from information about 

roadway and t r a f f i c  s y s  tem changes, 

There were seven case  acc iden ts  i n  which the  d r i v e r ,  t r y ing  

t o  rega in  c o n t r o l ,  overcorrected.  Two d r i v e r s  were a lcohol  

impaired, one d r ive r  was inexperienced,  and one was an experienced 

d r i v e r  of a  motor home. In  f i v e  acc iden ts  overcor rec t ion  con- 

t r i b u t e d  s i g n i f i c a n t l y  t o  t he  cause of t he  acc iden t .  Also,  i n  

f i v e  cases  the  d r i v e r  s t e e r e d  i n t o  the  path of a  veh i c l e  c ross ing  

in  f r o n t  of him, o r  d i r e c t l y  i n t o  the  path of the opposing veh i c l e .  

In a t  l e a s t  two ins tances  the  acc iden t  might have been aver ted  

had the  a t - f a u l t  d r i v e r  s t e e r e d  in  t he  opposi te  d i r e c t i o n .  

I t  is c l e a r  from cons ider ing  these  examples of d r i v e r  

behavior t h a t  impairments i n  d r ive r  func t ion ing  due t o  accumulated 

and immediate mental s t r e s s e s  do i n h i b i t  the d r i v e r ' s  a b i l i t y  

t o  be aware of and f u l l y  r espons ib le  t o  h i s  environment. W i t h  

t he  except ion of the  few ins tances  of physical  impairment, no 

inherent  dysfunct ions  were observed in  t he  d r i v e r s  s t u d i e d .  

Driver education and d r i v e r  experience i n  terms of knowledge 

of t h e  r u l e s  of the  road and t r a i n i n g  i n  d r iv ing  s k i l l s  were, 

w i t h  s e v e r a l  excep t ions ,  found t o  be adequate.  Conventional 

d r i v e r  education does not appear t o  have a  s i g n i f i c a n t  impact 

on acc iden t  incidence.  Remedial d r ive r  t r a i n i n g  cou r se s ,  

suspensions ,  and revoca t ions  do not impress d r i v e r s  who a r e  

under s t r e s s  or acc iden t  prone. Considering the  s i g n i f i c a n c e  of 

s t r e s s  i n  d r ive r  behavior a s  observed in  these  ca se s ,  i t  is 

ev iden t  t h a t  t h i s  f a c t o r  should r ece ive  considerably  more a t t e n -  

t i o n .  Somehow experienced but non-performing d r i v e r s  must be 

convinced t h a t  d r iv ing  is a  f u l l  time task  not t o  be undertaken 

when impaired by a l coho l ,  s i cknes s ,  emotional s t r e s s  or d i s t r a c -  

t i o n s  i n  any form. 



8 . 0  Vehicle Fac tors  

Vehicle da t a  required f o r  in-depth case s t u d i e s  of s e l ec t ed  

acc iden ts  was gathered i n  two phases: (1) examination of a l l  

involved veh i c l e s  a t  the  accident  s i t e ;  (2 )  d e t a i l e d  veh ic le  

examination a f t e r  post-crash d i s p o s i t i o n .  Items checked a t  the  

accident  s i t e  include veh ic le  year ,  make, model, body s t y l e ,  

l i c ense  number and c o l o r ,  poss ible  veh ic le  d e f e c t s ,  f u e l  leakage,  

t i r e  condi t ion ,  e t c .  Pos i t ions  of con t ro l s  f o r  t he  wipers ,  l i g h t s ,  

r a d i o ,  hea t e r ,  a i r  condi t ioner ,  and windows and a l s o  veh ic le  

f i n a l  r e s t i n g  pos i t i on  a r e  recorded.  Vehicle sk id  marks a r e  

i d e n t i f i e d  and the  scene is photographed, Occupant s e a t i n g  

l oca t i on  is noted along w i t h  r e s t r a i n t  system a v a i l a b i l i t y  and 

ind i ca t i on  of use .  The towing se rv i ce  t h a t  removed damaged 

veh ic l e s ,  i ts  opera t ion ,  and i t s  d i spos i t i on  of veh ic les  a l s o  

a r e  noted.  After  veh ic le  removal, deb r i s  and clean-up time a r e  

observed, and the  o v e r a l l  post-crash scene is assessed .  In the  

second phase each involved veh ic le  is thoroughly examined, 

usua l ly  a t  t he  towing yard. Both the  s tandard CPIR Long Form 

and a  veh i c l e  maintenance r epo r t  a r e  completed. T h i s  maintenance 

r epo r t  includes t i r e  t r e a d  depth,  brake f l u i d  l e v e l ,  'leakage, and 

pedal adjustment.  The wheels of the  accident  damaged veh ic les  

a r e  removed and the  brakes a r e  examined. Drum s t y l e  brakes a r e  

inspected fo r  sca r ing  and wheel cyl inder  leakage.  The brake 

shoe l i n i n g  is measured w i t h  c a l i p e r s .  Disc s t y l e  brakes a r e  

inspected f o r  sca r ing  of the  d i s c .  The examination a l s o  includes 

a s se s s ing  veh ic le  crashworthiness and noting component f a i l u r e  

and c rash  performance. A l l  damage is noted,  Occupant i n j u r i e s  

a r e  obta ined,  e i t h e r  from hosp i t a l  records or  through occupant 

interviews pr io r  t o  v i s i t i n g  the  towing yard.  T h i s  f a c i l i t a t e s  

c lo se  examination of the occupant con tac t  po in t s  and t h e i r  cor-  

r e l a t i o n  w i t h  occupant i n j u r i e s .  Equipment used i n  veh ic le  exami- 

nat ion and eva lua t ion  include:  



incl inometer  

t ape  measure 

smal l  mirror  

t i r e  a i r  pressure  gauge 

t r e a d  depth gauge 

too 1 box 

c a l i p e r s  

f l o o r  jack 

jack s tands  

camera 

s t r o p e  

close-up l ens  

yellow contac t  tape  ( t o  i nd i ca t e  occupant con tac t )  

Of the  50 case  acc iden ts  completed during the  pas t  year ,  none 

were due d i r e c t l y  t o  veh i c l e  d e f e c t s .  In two cases  s t a l l e d  

engines con t r ibu ted  t o  accident  causa t ion .  Many veh ic l e s  

showed lack of maintenance. Maintenance r epo r t s  and observa- 

t i o n s  of each veh i c l e  ind ica ted  t h a t  of the  50 cases  s tud i ed  

dur ing the  con t r ac t  year ,  13 involved veh ic les  t h a t  had one o r  

more t i r e s  w i t h  2/32 inches t read  or l e s s ,  which is considered 

t o  be unsafe .  Of the  263 t i r e s  checked the  average t r ead  depth 

was 7 . 5 / 3 2  inch.  I n  15 acc iden t s ,  17 of the  involved veh i c l e s  

had more than 2 p s i  d i f f e r ence  in  the  opposi te  l e f t  and r i g h t  

t i r e s ,  I r r egu la r  t i r e  wear was noted i n  3  ca se s ,  and leaking or  

worn shock absorbers  were found i n  10% of the  accident  case 

s t u d i e s .  Three veh ic les  had damp, and poss ibly  minor leaks  i n  

t he  master cy l inde r .  Badly scored brakes were found on two 

v e h i c l e s ,  but were not considered a primary causa l  f a c t o r  i n  

the  acc iden t .  

Ten veh i c l e s  had s l i g h t l y  degraded windshield wipers ,  and 

t h r e e  had wipers t h a t  were broken or  i n  poor condi t ion .  

Average odometer reading f o r  a l l  accident  involved v e h i c l e s ,  
excluding l a rge  t rucks ,  was 34,000 mi les .  





TABLE 8.0-2 

ACCIDENT VEHICLES BY MODEL YEAR 

Vehicle  Pickups,  Buses, Trucks 
Model Year Cars Vans, MPV R e c . V e h .  MRTCY Total  

(Does not inc lude  veh ic l e s  t h a t  s t ruck  pedes t r i ans  o r  motorcyc les . )  

TABLE 8.0-3 
PRINCIPLE DIRECTIONS OF FORCE TO VEHICLES IN 

MULTIDISCIPLINARY ACCIDENT INVESTIGATIONS 
Di rec t ion  or Type No, of Impacts Percent  

(0 '  c lock)  Contract  CPIR Cont rac t  CPIR 
Year F i l e  Year F i l e  

F r o n t a l  (11,  12,  & 13) 3  0  2042 50.8 62 .7  
Rear ( 5 , 6 ,  & 7) 9  264 15.2 8 . 1  
Le f t  Side ( 8 ,  9 ,  & 10) 10 461 17.0 1 4 . 1  
Right Side (2 ,  3 ,  & 4) 10 489 17.0 1 5 . 1  

* Does not  equal  number of veh ic l e s  involved (63) s i n c e  four  were 
r o l l o v e r s  and t h e r e f o r e  not c l a s s i f i e d  by t hese  c a t e g o r i e s .  

TABLE 8.0-4 

General Area of Damage Number 
Contract  

Mean Extept  
of Damage 

Contract  
Year CPIR CPIR Year 

F ron ta l  

Back 

Right Side 

Lef t  Side 

TOP 
Undercarriage 

Unclass i f  i a b l e  

To ta l  63 3498 2 . 7 4  2 . 7 5  

* The CDC (Co l l i s ion  Deformation Class  i f  i c a t  ion) descr ibes  
t he  con tac t  deformation of a  v e h i c l e .  T h i s  was used 
t o  compare the  cases  of t h i s  con t r ac t  year w i t h  those 
in  the  CPIR f i l e .  52 



Some general  c h a r a c t e r i s t i c s  d e s c r i p t i v e  of a l l  the  

accident  veh ic les  examined a r e  presented i n  the  fol lowing 

t a b l e s ;  Vehicles by Make and Model (Table 8  .O-I) ,  Model Year 

(Table 8.0-2) ,  P r i n c i p l e  Di rec t ions  of Force (Table 8 -0-3), 

and General Area of Damage  a able 8.0-4) , 

For each case accident  the  motor veh ic le  s a f e t y  s tandards  

were assessed re levan t  t o  causa t ion  o r  production (or  lessening)  

of i n j u r y .  Table 8.0-5 presen ts  t h i s  information i n  summary 

form; the  d e t a i l s  a r e  in  each case  r e p o r t .  

In add i t ion  t o  the  CPIR "Long Formf' and Maintenance Report 

Form described e a r l i e r ,  a separa te  form included a s  Figure 8.0-1 

was used t o  c o l l e c t  da t a  regarding s e a t  b e l t  type and u t i l i z a t i o n ,  

by-passing techniques o r  buzzer a l t e r a t i o n s .  Since September 1972 

acc iden t  i n v e s t i g a t o r s  i n  Oakland and Washtenaw Counties have 
* used these  forms. However, because such da ta  i s  sparse  i t  has 

not ye t  been incorporated i n t o  data  f i l e s .  

-- 
* Buzzer systems have only been mandatory in  1973 model year 

veh i c l e s .  



TABLE 8.0-5 

RELEVANCE OF 
MOTOR VEHICLE SAFETY STANDARDS; 

A MULTIDISCIPLINARY ACCIDENT INVESTIGATION 

MVPS Number T i t l e ,  Relevance, AA Case Number 

10 1 Control  Location,  I d e n t i f i c a t i o n  and I l lumina t ion  

(333) d r i v e r  unfami l i a r  w i t h  l o ca t i on  of 
vent  c o n t r o l  knob 

103 Windshield Def ros t ing  and Defogging Systems 

(325) window fogged i n  crowded veh i c l e  
on ra iny  n igh t  

10 5 Hydraulic Brake Systems 

(352) brake pedal  almost t o  f l o o r ,  low brake f l u i d  

108 Lamps, Re f l ec t i ve  Devices, and Associated Equipment 

(348) poor l o c a t i o n  of veh i c l e  tu rn  s i g n a l  l i g h t s  

111 Rear View Mirrors  

(323) Multiview r e a r  view mi r ro r ,  i n ju ry  producing 

122 Motorcycle Brake Systems 

(347) d r i v e r  f a i l e d  t o  employ independently 
a c t i v a t e d  f r o n t  brake 

201 Occupant P ro t ec t i on  i n  I n t e r i o r  Impact (PC1-1-68) 
(301) p o s t a l  " j eepu  type veh i c l e  w i t h  

unpadded instrument panel 
(302) i n ju ry  from s t r i k i n g  unpadded door 
(302) p l a s t i c  convenience t r a y  caused i n ju ry  
(305) in ju red  from s h a t t e r e d  p l a s t i c  under 

instrument panel 
(312) breakaway mirror  d i d  not break away 
(312) a s h t r a y  flew o u t ,  not i n ju ry  producing 
(316) severe  c rash  caused many i n ju ry  producing 

agen t s  
(319) i n ju ry  from p l a s t i c  covering on "At f  P i l l a r  
(331) d r i v e r  in iu red  from broken heater  duc t s  
'321j i n ju ry  received from s t r i k i n g  unpadded 
(342) s u r f a c e s  

(345) i n ju ry  producing c o n t r o l  knobs 
(346) 

(304) (308) (318) (319) (320) (325) (327) 
(332) (334) (337) (340) (344) (346) (350) 
(355) Padding p resen t  may have reduced i n j u r i e s  



Table 8 .0-5 (cont .) 

202 Head R e s t r a i n t s  

(301) v e h i c l e  exempt, MPV - 7 

(312) pre-standard v e h i c l e ,  no head r e s t r a i n t s ,  
(352) rear-ended,  no in ju ry  

(322) (333) 
(334) (335) head r e s t r a i n t s  equipped, minimized 

in ju ry  i n  rear-end acc iden t  

(352) v e h i c l e s  w i t h  head r e s t r a i n t s  had d r i v e r s  
who received whiplash i n j u r i e s  

203 Impact P ro t ec t ion  f o r  the  Driver from the  S t ee r ing  Column 
System - PC(1-1-68) 

(301) MPV exempt 
(312) d r i v e r  contacted s t e e r i n g  wheel w i t h  

no EA device  compression, uninjured 
(335) pre-standard v e h i c l e ,  no EA dev ice ,  

i n ju ry  producing 

(330) (345) 
(346) performance of EA device adequate 

(305) (306) (323) 
(325) (355) EA device performance quest  ionable 

204 S tee r ing  Control  Rearward Displacement 

(304) fo re ign  c a r  had double U j o i n t  design 
(305) rearward displacement one inch 
(350) engine compartment u n i t  compressed 2 . 5  inches 

205 Glazing Mater ia l s  (1-1-68) 

(320) d id  not have jagged p i eces ,  15 inch r i p  
(355) d r i v e r s  head e j e c t e d  ou t s ide  g l a s s  

s t ruck  w / s  c racked,  no jagged pieces  

206 Door Locks and Door Retent ion Components PC 1-1-68 
MPV 1-1-70 

Trucks 1-1-72 

(304) hinges and l a t c h  separa ted  
(306) severe  door damage, remained la tched  
(328) 
(308) pre-standard veh ic le  door opened, d r ive r  
(316) e j e c t i o n  



T a b l e  8.0-5 ( c o n t . )  

206 ( c o n t  .) 

(318) d r i v e r  door  opened,  d r i v e r  e j e c t e d  
(355) 
(319) l a t c h  r e l e a s e d ,  door remained c l o s e d  

because  of s h e e t  m e t a l  damage 

(343) s e v e r e  c r a s h  door opened,  no e j e c t  i o n  

207 Anchorage of S e a t s  PC 1-1-68 (1-1-72 MPV) 

(305) s e a t  anchorage  f a i l e d  
(325) s e a t  back l o c k s  h e l d  p reven ted  i n j u r y  
(304) (306) (312) 
(322) (333) 

s e a t  remainedanchored d e s p i t e  s e v e r e  s e a t  
back defamat ion 

208 Occupant Crash  P r o t e c t i o n  

(330) occupan t s  u s i n g  l a p  b e l t s ,  p a s s  needed 
S/H t o  p reven t  f a t a l  i n , j u r i e s  - 

(308) Occupants  be ing  b e l t e d  would have reduced 
(319) i n j u r i e s  
(326) 
(331) occupan t s  u s i n g  l a p  b e l t ( s )  
(344) 

209 S e a t  Belt Assemblies 

(302) d r i v e r  assumed buck le  had locked ,  r e l e a s e d  
on impact 

(328) l o c k i n g  r e t r a c t o r  may have s l i p p e d  

2  12 Windshie ld  Mounting (1-1-70) Pass  Car 

(355) s e v e r e  c r a s h  more t h a n  50% bond s e p a r a t i o n  
(337) p re - s t andard  v e h i c l e  more t h a n  50% 

bond s e p a r a t i o n  

(308) MPV exempt 100% bond s e p a r a t i o n  
(332) 

(325) t r e e  impact 100% bond s e p a r a t i o n  
(316) p re - s t andard  v e h i c l e  s e v e r e  c r a s h  100% 
(323) bond s e p a r a t i o n  

2  13 C h i l d  S e a t i n g  Systems 

(318) c h i l d  i n  s a f e t y  s e a t  ( u n i n j u r e d )  
2 14 S i d e  Door S t r e n g t h  

(304) (308) p re - s t andard  v e h i c l e  may have b e n e f i t e d  
(316) (343) had i t  been equipped w i t h  s i d e  beam 
(318) (319) p re - s t andard  v e h i c l e  b e n e f i t e d  from 
(327) s i d e  beam 
(306) p re - s t andard  v e h i c l e  equipped w i t h  

s i d e  beam had 1 i t  t l e  e f f e c t  because of severity 



Table 8 .O-5 (cont  . )  

216 Roof Crush Resistance 

(328) veh ic le  pre-standard but l i t t l e  inward 
crush 

(320) pre-standard veh ic le  s i g n i f i c a n t  crush 
(332) MPV exempt from s tandard (inward crush 

a t  header) 
(316) pre-standard veh ic le  roof i n t o  pole 

s i g n i f i c a n t  roof crush 

301 Fueltanks,  F u e l f i l l e r  Pipes ,  and Fuel Tank Connections 

damaged tank of MPV f u e l  leakage 
damaged tank no f u e l  leakage 
f u e l  leakage i n  pre-standard veh i c l e ,  
shock absorber contact  
f u e l  tank punctured, leaking f u e l  
severe  tank deformation, leaking from 
f l o a t  assembly f o r  f u l l  gauge 
ruptured f u e l  tank i n  rear-ended veh ic le  
f i l l e r  pipe pulled from tank (MPv exempt) 
no leakage from scuffed tank,  leakage 
from f i l l e r  pipe 
pre-standard veh ic le  rear-ended, f u e l  
leakage 

f i l l e r  pipe pulled from tank 

(355) scuffed tank,  no leakage 

302 Flammabili t y  of I n t e r i o r  Materials  

(335) pre-standard veh ic le  - destroyed quickly 
by f i r e  

(338) motor home veh ic le  destroyed quickly by f i r e  
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9 . 0  Environmental Fac to r s  

The 50 m u l 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  ca se  s t u d i e s  

completed i h i s  p a s t  year were reviewed t o  determine how the  

environment ( t h e  roadway, t r a f f i c  information and c o n t r o l  systems 

and ad j acen t  development) con t r i bu t ed  t o  t h e  occurrence or  ameliora-  

t i o n  of t he se  a c c i d e n t s .  

Because t h e  50 ca se  a c c i d e n t s  a r e  not a  random sample of the  

Washtenaw County acc iden t  exper ience  f o r  t he  year ,  t h e  frequency 

of c e r t a i n  environmental elements  appear ing i n  t he  s tudy  w i l l  

be a  b iased  r e f l e c t i o n  of t h e  r o l e  of t h e  environment i n  a cc iden t  

c ausa t i on .  On t h e  o the r  hand, they do o f f e r  some i n s i g h t  a s  t o  t h e  

c a u s a l  c o n t r i b u t i o n  of t h e s e  elements  t h a t  should  b e n e f i t  highway 

de s igne r s ,  b u i l d e r s ,  ma in t a ine r s ,  and o p e r a t o r s ,  

9 . 1  Environmental Cont r ibu t ion  

In t h i s  s e t  of 50 ca se  a c c i d e n t s ,  t h e r e  were only  e i g h t  * 
i n  which i t  appeared t h e  environment d i d  not p lay  a  p a r t  , 

This does not imply t h a t  t h e r e  were no environmental d e f i c i e n c i e s  

a t  t h e s e  s i t e s ,  merely t h a t  they d i d  not appear t o  be i n  any 

way r e l e v a n t  t o  t he  cha in  of even t s  occur r ing  p r i o r  t o ,  du r ing ,  

o r  immediately fo l lowing t h e  a c c i d e n t .  

9 . 2  Roadside Obs tac les  and Guardra i l s  

Throughout Washtenaw County va r ious  roads ide  improve- 

ment programs have been i n  e f f e c t  f o r  a  number of y e a r s ,  but 

because of s i z e  of t h e  highway "plant1 '  and t h e  l i m i t e d  r e sou rce s ,  

* The e i g h t  c a s e s  a r e :  A A 3 1 4 ;  A A 3 2 1 ;  A A 3 2 3  ( a  homicide-suicide) ; 
A A 3 2 7 ;  A A 3 3 4 ;  A A 3 4 7 ;  A A 3 4 8 ;  A A 3 5 4 .  
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have not; had a large ilnpac l on tllc 11,nl'l'ic: acc idelit. s i t u n t ,  i o n .  

These improvements a r e  designed t o  prevent acc idents ,  or t o  

ameliorate t h e i r  effe: : ts  when vehicles  leave the roadway, by 

removal of nearby obstacles  such  a s  t rees  and boulders, reshaping 

d i tches  and s lopes ,  making necessary s i g n s  easy t o  break without 

causing undue damage to  the vehicle  or its occupants, and most 

importantly,  improvement of guardra i l  design and appl ica t ion  

s o  t h a t  a  deviant vehicle  w i l l  not cross  in to  opposing t r a f f i c  

streams or crash i n t o  obs tac les  some dis tance from the roadway. 

O f  course,  the major problem i n  assess ing  the value of 

environmental inprovements is the i n a b i l i t y  t o  detect ,  the acc i -  

d e n t s  t ha t  did not happen because of obs tac le  removal or other  

changes . 
Some obvious successes of roadside improvement programs 

noted i n  t h i s  s t u d y  a r e  the following: 

1. A breakaway luminaire pole c lose  t o  the curb i n  an 
urban environment was s t ruck and broke away as  expected 
(Case AA301). In older commercial a reas  the lack of 
opportunity t o  place u t i l i t y  poles ,  luminaire s tandards,  
f i r e  hydrants, e t c .  a  s a t i s f a c t o r y  d is tance  from the  
t r ave l l ed  way necess i ta ted  t h i s  type of approach. 

2 .  The exis tence of a  c l ea r  80 foot  area t o  the r i g h t  of 
a multi-lane merging area ameliorated the  sever i ty  of 
an accident involving an out-of -control vehicle  which 
had col l ided  w i t h  another vehicle  i n  the merging area 
(Case AA336). 

A recent ly  constructed urban parkway was b u i l t  t o  
modern s tandards.  In Case AA344, an out-of-control 
vehicle  l e f t  the roadway and decelerated on an appro- 
p r i a t e l y  designed upslope t h a t  had been cleared of 
t r e e s  t o  the des i rable  dis tance of 30 f e e t  from the 
roadway. The dece lera t ions  experienced were low and the 
s e v e r i t y  was low. In te res t ing ly ,  an element cont r ibut ing  
t o  the loss  of cont ro l  was the presence of a  f i r e  hydrant 
i n  the  median close t o  the end of the pavement which 
the dr iver  was t ry ing  t o  avoid.  However, t h i s  f i r e  hydrant, 
unknown t o  the d r i v e r ,  was of the break-away design, 





F i g u r e  9 .2 -2 .  Pa th  of P i n t o  t h a t  l e f t  roadway of urban  
parkway. Veh ic l e  is i n  f i n a l  r e s t i n g  p o s i t i o n  
on r i g h t  ups lope  of  bank. ( A A  344). 



There were s e v e r a l  examples of o b s t a c l e s  c o n t r i b u t i n g  t o  

inc reased  acc iden t  s e v e r i t y .  A t r e e  i n  t h e  d i r e c t  l i n e  of t r a v e l  

of a  v e h i c l e  which f a i l e d  t o  n e g o t i a t e  a  curve con t r i bu t ed  t o  

t h e  s e v e r i t y  of an urban ma,jor s t r e e t  a cc iden t  (AA325). U t i l i t y  

po l e s  and t r e e s  l oca t ed  very near t h e  curb  immediately beyond 

a  roadway width r educ t i on  con t r i bu t ed  t o  t he  s e v e r i t y  of an  

acc iden t  (AA350). A roads ide  o b s t a c l e  near a  freeway played a  

r o l e  i n  one ca se  acc iden t  when a  v e h i c l e  l e f t  t h e  roadway and 

s t r u c k  a t r e e  c l o s e r  than 30 f e e t  t o  t h e  road a s  t he  d r i v e r  

a t tempted t o  avoid  an ups ide  down v e h i c l e  which had crossed t he  

median (AA320). 

The r u r a l  two-lane road ( o f t e n  a  low volume and low s t anda rd  

country  road) p r e sen t s  a  l a r g e  number of of f - road o b s t a c l e s  

t h a t  c o n t r i b u t e  t o  t he  s e v e r i t y  of the  many s i n g l e  v e h i c l e  a c c i -  

den t s  which occur a f t e r  da rk .  I n  t he  c a se s  observed,  (AA305) 

a  b r idge  r a i l  was s t r u c k ,  and (AA355) a  t r e e  was s t r u c k .  

The use of g u a r d r a i l  i n  freeway medians whose widths a r e  

inadequate  r e q u i r e s  s p e c i a l  a t t e n t i o n .  Seve ra l  of t he  a c c i d e n t s  

s t u d i e d  undoubtedly were more s e r i o u s  than they should have been 

because of t h e  absence of a  g u a r d r a i l  o r  median b a r r i e r  d iv id ing  
* 

t h e  two roadways. 

In four  c a s e s  t he  g u a r d r a i l  geometry was inadequate .  In 

Cases AA326 and AA328 t he  l eng th  of g u a r d r a i l  p r o t e c t i n g  out-of-  

c o n t r o l  v e h i c l e s  on an I n t e r s t a t e  Highway was i n s u f f i c i e n t .  Height 

of t h e  median g u a r d r a i l  was not  adequate i n  one acc iden t  (AA332) 

and t he  g u a r d r a i l  was substandard  i n  another  s i t u a t i o n  (AA333). 

Guardra i l s  a r e  v i t a l  f o r  t h e  out -of-control  a cc iden t  on two 

l ane  roads .  An example of t h e  c o n t r i b u t i o n  t o  a cc iden t  s e v e r i t y  

r e s u l t i n g  from t h e  absence of g u a r d r a i l  is ca se  s tudy  AA305. 

Although not  important  i n  c a se  s tudy  AA337, t he  acc iden t  s i t e  

was a  narrow urban two-lane bordered by a  sha rp  drop t,o a  r i v e r  

where t h e r e  is no g u a r d r a i l  p r o t e c t i o n .  

* A p a r t i a l  l is t  of c a s e s  w i t h  t h i s  c h a r a c t e r i s t i c  inc lude  
AA303; AA306; AA320; and AA330. 



9 . 3  Roadway Design 

Highway designers  have had t o  change or upgrade 

design s tandards  i f i  response t o  motor is t  e r r o r s  or  i n a b i l i t y  

t o  use highway f a c i l i t i e s  properly.  T h i s  o f t en  happens when 

excess ively  high const ruct ion c o s t s  of o r i g i n a l  designs r equ i r e  

cos t  c u t t i n g  modif ica t ions .  A good example is the  decis ion t o  

e l imina te  or  reduce the w i d t h  of shoulders on br idges ,  The 

problem crea ted  may be seen i n  accident  case AA312 i n  which an 

e l d e r l y  woman dr iver  backed t o  a  freeway e x i t  ramp a f t e r  having 

passed i t .  She used the  r i g h t  t r a v e l  lane because t he re  was 

inadequate shoulder width ava i l ab l e  due t o  s t ruc tu red  design.  

Often t he  present  designs do not respond t o  the  i l l e g a l  

ac t i ons  of many mo to r i s t s .  In accident  cases  AA307 and AA330 

i l l e g a l  U tu rns  were made on a  freeway, one a t  a  cross ing made 

fo r  po l ice  and emergency veh ic les  only and another on the f l a t  

median ( t h e  narrow median may have been s o  designed t o  minimize 

the e f f e c t  of a  deep "VM cu t  on an out-of-control veh i c l e ) .  

Highway designers  recognize t h a t  motor i s t s  must have adequate 

percept  ion-react  ion time t o  make t h e i r  dec i s ions ,  Large s igns ,  

o f t en  placed over the  road on freeways, f a c i l i t a t e  t h i s  process.  

However, i n  some s i t u a t i o n s  not enough reac t ion  time is provided 

(AA312). A t  complex in t e r sec t i ons  a  l a rge  roadside s ign  placed 

on a  major urban a r t e r i a l  t o  inform motor is ts  of a  nearby freeway 

interchange may r e s t r i c t  s i g h t  d i s tance  of motor is ts  e x i t i n g  

from an adjacent  heavily used p r iva t e  driveway (AA342). 

Roadway i l luminat ion o f t en  is one of t he  most e f f e c t i v e  

highway s a f e t y  measures ava i l ab l e  t o  engineers.  Poor i l luminat ion 

in  an urban area  contr ibuted t o  the  crash in  accident  case s tudy 

AA32 5 ,  

Certa in  design elements which con t r ibu te  t o  accidents  obviously 

a r e  overs igh ts .  For example, i n  case study AA303, a curve t o  the 

r i g h t  on an i n t e r s t a t e  highway was designed w i t h  a  narrow l e f t  



hand shoulder which could not be maintained a t  the  same e l eva t ion  

a s  t he  edge of t he  roadway. A veh i c l e  f a i l i n g  t o  nego t i a t e  the  

curve could go out of c o n t r o l  when f ' f a l l i n g "  i n t o  the  r u t  adjacent  

t o  the road s u r f a c e .  

In another example, the combination of g u a r d r a i l  he igh t ,  

median e l e v a t i o n  ,and curb des ign negated t h e  e f f e c t i v e n e s s  of 

t he  g u a r d r a i l  i n  prevent ing an out-of-control  veh i c l e  from 

v a u l t i n g  the  g u a r d r a i l  on a  r i g h t  curving freeway (case  s t u d y  

AA332). 

A r e c e n t l y  improved two-lane urban c o l l e c t o r  s t r e e t  was 

designed without s tandard pavement widening on a  smal l  rad ius  

curve d e s p i t e  i ts use by veh i c l e s  a s  l a rge  a s  school buses 

(case  study AA337). 

Pr iva t e  driveways, se rv ing  a  commercial "truck s t o p , "  

were loca ted  too c lo se  t o  the  ramps of an interchange between 

a  freeway and a  primary s t a t e  rou t e  (case  s tudy AA352). 

A dropped lane  o f t e n  is not apparent  t o  t he  d r i v e r ,  In 

case  s tudy AA342 a  s p e c i a l  l e f t - t u r n  lane  had ended,and the  

d r i v e r  suddenly was forced t o  a l t e r  h i s  d i r e c t i o n .  T h i s  d ive r t ed  

h i s  a t t e n t i o n  from a  veh i c l e  e x i t i n g  from a p r i v a t e  d r i v e  and 

r e s u l t e d  in  a  c o l l i s i o n .  I n  case  s tudy AA350 t h e  d r i v e r  was 

unprepared f o r  a  s u b s t a n t i a l  narrowing of the  ou t e r  lane  of a  

major four- lane a r t e r i a l  immediately over the  c r e s t  of a h i l l .  



9 . 4  Maintenance 

Design f a i l u r e s  (case  study AA303) o f ten  m u s t  be 

counteracted by continuing and expensive maintenance. F a i l u r e  

to  maintain shoulder grades is a  constant  source of t rouble  

(case  s tudy AA320). Ice  on an i n t e r s t a t e  highway,together w i t h  

snow on the  shoulders ,  a  maintenance problem, con t r ibu ted  t o  a  

spec tacu la r  accident  involving a  motor home t h a t  caught on f i r e  

when the  veh ic le  was t r a v e l l i n g  65 miles per hour on pavement 

i n  unsafe condi t ion f o r  such speed (case study AA338). 

Fa i l u se  t o  rou t ine ly  c lean d i t ches  on a  two-lane r u r a l  road 

caused water t o  Slow onto the road sur face  and f r e e z e ,  c r e a t i n g  

an icy patch which i n i t i a t e d  an accident  (case  study AA331). 

Trying t o  avoid a  l a rge  pothole p rec ip i t a t ed  another accident  

(case  s tudy AA345). 

Improper maintenance r e s u l t e d  i n  development of a  ramp 

t h a t  n u l l i f i e d  the  e f f ec t i venes s  of a  median gua rd ra i l  (case  

study AA323). 

The many motorcycles now t r a v e l l i n g  s t r e e t s  and highways 

r equ i r e  t h a t  maintenance crews remove the  sand and gravel, 

o r i g i n a l l y  placed t o  provide t r a c t i o n  on snow and i c e ,  once the  

roadway is c l e a r  and dr3y (case  study AA349). 

9 . 5  Traf f i c  Operat ional  Considerat  ions 

Al loca t ing  the  right-of-way a t  i n t e r s e c t i o n s  can 

c r e a t e  s a f e t y  problems, p a r t i c u l a r l y  if  the  major t r a f f i c  flow 

must y i e ld  t o  t he  minor flow, because motor i s t s  who c ros s  the  

i n t e r s e c t i o n  f requent ly  o f t en  do not apprec ia te  the  need and 

tend t o  d i s regard  the  c o n t r o l .  In case  study AA316 an accident  

occurred a t  a  r u r a l  c ro s s  i n t e r s e c t i o n  where t he  minor road was 

ass igned right-of-way by a  y i e l d  s ign  on t he  major road.  When 

t r a f f i c  flows i n  a l l  d i r e c t i o n s  a r e  extremely low these  c o n t r o l s  

become very i n e f f e c t i v e ,  e spec i a l l y  when the  roads a r e  surfaced 

and the  only con t ro l  is  a  "y ie ld"  s ign  (case study A A  3 1 9 ) .  





T r a f f i c  information and c o n t r o l  devices must be placed 

where they can be e a s i l y  and n a t u r a l l y  seen .  In case  s tudy AA343, 

the  r a i l r o a d  grade c ross ing  warning crossbuck was not loca ted  

on t h e  n a t u r a l  l i n e  of s i g h t  of approaching mo to r i s t s ,  

When major a r t e r i a l s  become l i ned  w i t h  commercial. develop- 

ments t h a t  compete f o r  v i s u a l  a t t e n t i o n ,  e s p e c i a l l y  i n  heavy 

t r a f f i c ,  d r i v e r s  f requent ly  f a i l  t o  s ee  and heed t r a f f i c  

c o n t r o l  devices .  Such was t h e  s i t u a t i o n  a t  one of t h e  h ighes t  

accident  frequency i n t e r s e c t i o n s  i n  the  county (case  study 

A A  346 ) .  

T r a f f i c  engineers  have developed new techniques and devices  

w i t h  g r e a t  p o s s i b i l i t i e s  f o r  improving highway s a f e t y .  However, 

l o c a l  governments have d i f f i c u l t y  f inanc ing  the  c o s t s  of these  

advanced techniques when i t  appears t h a t  b e n e f i t s  accrue t o  

p r i v a t e  i nd iv idua l s  o r  when the  magnitude of t h e  t r a f f i c  s a f e t y  

problem is not r e a l i z e d .  In case  s tudy AA308 an ambulance an 

an emergency c a l l  v i o l a t e d  a  red t r a f f i c  s i g n a l  and c o l l i d e d  

w i t h  a  passenger c a r ,  Radio ac tua t ed  right-of-way ove r r ide  

systems a v a i l a b l e  f o r  s e v e r a l  years  probably would have prevented 

t h i s  a cc iden t .  

T r a f f i c  engineers  should c a r e f u l l y  monitor high-accident 

r a t e ,  s i g n a l i z e d  i n t e r s e c t  ions in  order t o  determine whet her 
increased s a f e t y  would r e s u l t  by p e r i o d i c a l l y  a l l o c a t i n g  t he  

right-of-way t o  non-conf l ic t ing streams of t r a f f i c , e v e n  though 

i t  r e s u l t s  i n  a d d i t i o n a l  delay and reduced c a p a c i t y .  

An acc iden t  a t  one of t he  highest  accident  frequency loca t ions  

i n  Washtenaw County involved a  c rash  between a  t u rn ing  and a  

through veh ic l e , appa ren t ly  because t he re  was no s epa ra t e  l e f t  

tu rn ing  phase ( A A  346 ) .  

New t r a f f i c  information and c o n t r o l  devices  do not always 

work a s  in tended.  In some advanced f l e x i b l e  t r a f f i c  s i g n a l  con- 

t r o l  systems t h e  d r i v e r  knows only what is d i sp layed  v i s i b l e  t o  

h i m .  I n  s imple systems he can i n f e r  the  d i sp lay  v i s i b l e  t o  o t h e r s .  

In case  study AA 353 i t  appears  t h a t  t he  a t  f a u l t  d r i v e r  er roneously  

assumed t h a t  t he  opposing stream of t r a f f i c ,  l i k e  h i m ,  a l s o  faced 
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a  red (or  s t o p )  s i g n a l  and t h a t  h e  c o u l d  make a quick l e f t  t u rn ,  

when i n  r e a l i t y  the  opposing stream had a  green l i g h t ,  so  a  

c o l l i s i o n  occurred.  

9 .6  Yon-Motorized Road Users 

T r a f f i c  engineers  and planners  have had d i f f i c u l t y  t r y i n g  

t o  p ro t ec t  non-motorized highway u s e r s :  pedes t r i ans  and b i c y c l i s t s .  

Among the  50 mu l t i d i s c ip l i na ry  accident  case s t u d i e s  t h i s  shor t -  * 
coming appears i n  s i x  cases .  The problem s i t u a t i o n s  vary from 

l o c a l  ind iv idua l  crosswalks t o  whole neighborhoods, school a r e a s ,  

and r ec rea t i on  c e n t e r s ,  where ch i ld ren  come i n  c o n f l i c t  w i t h  

v e h i c l u l a r  t r a f f i c .  A s  an example of poor coordinat ion among 

t r a f f i c  con t ro l  agencies ,  the  s t a t e  highway department increased 

the  speed l i m i t  on a  major a r t e r i a l  i n  a  r e s i d e n t i a l  area  under 

i t s  j u r i s d i c t i o n  where two previous f a t a l  acc iden ts  had occurred 

due t o  inadequate pedes t r i an  cross ing con t ro l s  ( A A  324 and AA 329) .  

9 .7  Planning Considerat ions 

I t  is a  w e l l  e s t ab l i shed  f a c t  t h a t  good s t r e e t  system design 

can s i g n i f i c a n t l y  reduce urban t r a f f i c  acc iden ts  ( recen t  B r i t i s h  

new towns have outs tanding t r a f f i c  s a f e ty  r eco rds ) .  Even in  

developed a r ea s  i t  i s  poss ib le  t o  change geometry and con t ro l  

s o  a s  t o  achieve a  func t iona l  s t r a t i f i c a t i o n  of s t r e e t s  t h a t  pro- 

v ides  f o r  d i f f e r e n t  l e v e l s  of t rade-off  between land access  and 

movement. Those rou t e s  dedicated t o  movement (freeways and 

expressways) have much s a f e r  records  (on a  r a t e  o r  t r i p  b a s i s )  

than do l o c a l  s t r e e t s  and c o l l e c t o r s .  In developed a r e a s ,  minor 

phys ica l  improvements and t r a f f i c  con t ro l s ( such  a s  one-way s t r e e t s  

and four-way s t o p s )  help t o  reduce acc iden t s .  By geometric 

changes , the  much s a f e r  T i n t e r s e c t i o n  can be adopted. The acc i -  

dent case s t u d i e s  undertaken i n  1972-73 show how implementation 

of these  p r a c t i c e s  could have made some accident  avoidable .  
------------------- 

* 
AA 315, AA 324, AA 329, A A  339, AA 341, and AA 251. 



For example : 

1. A c o l l i s i o n  a t  t he  c ros s  i n t e r s e c t i o n  of a  l o c a l  
and c o l l e c t o r  s t r e e t  (Case s t u d y  AA 302) involved 
a  vehic le  moving on a  c o l l e c t o r  s t r e e t  a t  about 
40 mph, a  speed s u i t a b l e  only f o r  a  major a r t e r i a l .  
The s igh t  d i s tance  and t r a f f i c  con t ro l  were inadequate,  
a  common shortcoming a t  t h i s  type of i n t e r s e c t i o n .  

2 .  An i n a t t e n t i v e  and upset motor i s t ,  while chasing 
another veh i c l e ,  co l l i ded  w i t h  a  ca r  a t  a  c ro s s  
i n t e r s e c t i o n  i n  a  r e s i d e n t i a l  a r ea  where a  g r i d  
type s t r e e t  p a t t e r n  is not j u s t i f i e d  (AA 318) .  

In some h i s t o r i c  urban a r ea s  w k r e  the  ea r ly  s e t t l e r s  developed 

r a d i a l  and na tu ra l  rou tes  leading from r i v e r  p o r t s , a  regu la r  g r i d  

o r  some o ther  s t r e e t  p a t t e r n  l a t e r  was superimposed,result ing i n  

complex i n t e r s e c t i o n s .  Washtenaw County has such i n t e r s e c t i o n s ,  

a  r e s u l t  of the days when slow-moving horse-drawn wagons predominated. 

Such i n t e r s e c t i o n s  a r e  unsa t i s f ac to ry  today. Many of the  approaches 

a r e  s t i l l  important ,  b u t  i n t e r s e c t i o n  capacity is l imi ted  and 

t r a f f i c  information and con t ro l s  a r e  complex o r  confusing f o r  

mo to r i s t s ,  so  numerous acc iden ts  occur. Several  accident  case 

s t u d i e s  br ing t h i s  ou t ,  p a r t i c u l a r l y  (AA 304) wherein t he  accident  

s i t e  was a  complex i n t e r s e c t i o n  on a h i l l s i d e  where s i x  important 

rou tes  merge. However some channel izat ion improvements were made 

sho r t l y  a f t e r  t h i s  acc iden t .  

I n  case s t u d y  AA 340, a  vehic le  was involved i n  an accident  

while t r a v e l l i n g  on a  recen t ly  completed urban parkway which re -  

q u i r e s  r e l a t i v e l y  low dr iv ing  a t t e n t i o n  ,except f o r  one complex 

i n t e r s e c t i o n  surrounded by d i s t r a c t i n g  land uses and curved 

approaches. The accident  i n  case study AA 325 occurred a t  a  poorly 

designed Y i n t e r s e c t i o n  of major s t r e e t s .  

Left turning veh ic les  a r e  a  constant  source of acc iden ts ,  

Four case s t u d i e s  r e f l e c t  t h i s  problem (Cases AA 322, AA 3 3 5 ,  

AA 342, and AA 3 5 3 ) ,  which could be saved by b e t t e r  t r a f f i c  plan- 

ning and rou t ing .  

A more complex problem is  an urban r a i l r o a d  grade c ross ing ,  

the  loca t ion  of s eve ra l  acc iden ts  t h i s  year (Case s tud i e s  AA 3 2 7 ,  



and A A  3 4 3 ) .  Case s t u d y  AA 352 demonstrates the  e l f e c t s  of impraper 

des ign on flow of t r ucks  i n t o  and out  of driveways and through 

p r i v a t e  proper ty  s e r v i c e  a r e a s .  

Although a  review of t he  primary or  p r i n c i p a l  causa l  f a c t o r s  * 
i n  a cc iden t s  i n d i c a t e s  t h a t  d r i v e r  e r r o r  o r  poor judgement f a r  

outnumbers o ther  cons ide ra t i ons ,  t he  environment most o f t e n  stands 

out  a s  an in f luenc ing  o r  r e l evan t  f a c t o r .  In 42 of the  50 in-depth 

case s t u d y  acc iden t s  veh i c l e  t r a j e c t o r i e s ,  crash s e v e r i t i e s ,  and 

r e s u l t i n g  occupant i n j u r i e s  could be a t t r i b u t e d  t o  t h e  roadway 

design o r  the  dynamic environment. The observa t ions  and f i nd ings  

of these  in-depth s t u d i e s  of s e l e c t e d  acc iden t s  should a s s i s t  

highway p lanners ,  de s igne r s ,  and maintenance managers. 

* 
See Sect ion 6 . 0  f o r  t a b u l a t i o n s  of accident  c e l l  f a c t o r s  
c i t e d  i n  t he  50 MDAI case s t u d i e s .  



10.0 Specia l  Studies  

This s ec t i on  includes  a  var ie ty  of t o p i c a l  a reas  r e l a t i n g  t o  

highway s a f e t y  which were considered throughout t h i s  program. 

The s e l e c t i o n  of these  t op i c s  was prompted by i n q u i r i e s  r e s u l t i n g  

from some problem o r  accident  phenomenon observed by f i e l d  acc i -  

dent i nves t i ga t i ons .  An attempt has been made t o  answer s p e c i f i c  

quest ions  a s  they r e l a t e  t o  these  observat ions ,  using the  accident  

data  f i l e s  described e a r l i e r  where pos s ib l e .  

A t o t a l  of seven sub jec t s  a r e  included. These range from 

a  s t a t i s t i c a l  descr ip t ion  of l a rge  and small ca r  involvements i n  

acc iden ts  t o  s ea t  b e l t  r e t r a c t o r  performances and i l l u s t r a t e  the  

v e r s a t i l i t y  of the t r i - l e v e l  approach i n  examining various highway 

s a f e t y  problems of i n t e r e s t .  

10.1 Small Car-Large Car Study 

Dispar i t i es  i n  the masses and s i z e s  of veh ic les  has long 

been a  matter  of concern t o  t r anspo r t a t i on  s p e c i a l i s t s  and sa f e ty  

researchers  because of the  r e l a t i v e  damage and occupant i n j u r y  * 
which occurs.  Many of the mul t id i sc ip l inary  accident  case s t u d i e s  

show t h a t  crashes between la rge  and small veh ic les  r e s u l t  i n  wide 

v a r i a t i o n s  of damage and i n j u r y  t o  the  respec t ive  veh ic les  and 

occupants. The d e t a i l e d  causation f a c t o r s  and re levant  f indings  

i n  these case s t u d i e s  include discuss ion of the  broader problem 

of s i z e  d i s p a r i t y  between veh ic les .  

In accident  case study AA 151 , fo r  example, a  f u l l  s i z e  sedan 

crashed i n t o  a fore ign s p o r t s  ca r  i n  an oblique,head-on,orientation. 

The sedan d r ive r  sus ta ined i n j u r i e s  c lassed a s  AIS-2 (moderate) 

while the  s p o r t s  ca r  d r ive r  i n j u r i e s  were c lassed a s  AIS-7 ( f a t a l  

l e s ions  of s i ng l e  region of body, p lus  i n j u r i e s  of o ther  body 

regions ,  severe w i t h  su rv iva l  unce r t a in ) .  T h i s  study s t r e s sed  

the  e f f e c t s  of vehic le  s i z e  and s t r u c t u r a l  d i f f e r ences .  I t  was 

noted t h a t  "while no recommendation i s  of fe red  here ,  perhaps the 

compromise i n  s a f e ty  when dr iving a  small fore ign spo r t s  ca,r i n  a 

vehic le  population dominated by f u l l  s i z e  veh ic les  should be 

* 
The reader is r e f e r r ed  t o  HSRI mul t id i sc ip l inary  accident  
case s t u d i e s  A A  140, A A  151, A A  145, A A  153, A A  200, A A  302, 
A A  304, A A  312, A A  318, and A A  319. 
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F i g u r e  10.1-1: 1969 F i a t  impacted i n  l e f t  s i d e  by 19'71 Ford 
s t a t i o n  wagon. Al! 304. 

rl 

F i g u r e  10.1-2: Gremlin impacted by f u l l - s i z e  pickup t r u c k .  



s t r e s s e d  more t o  t he  motoring p u b l i c . "  Other i l l u s t r a t i o n s  of 

crashes  between d i s s i m i l a r  s i z e  veh i c l e s  a r e  shown i n  Figure 10.1-1 

and 10.1-2. 

To b e t t e r  understand the se  d i f f e r e n c e s ,  a  s t a t i s t i c a l  s t u d y  

was made t o  a s s e s s  t he  r i s k  of i n j u r y  i n  smal l  and l a r g e  c a r s  i n  

c o l l i s i o n s .  T h i s  e f f o r t  r e s u l t e d  i n  t he  p repara t ion  of a  t e chn ica l  * 
r epo r t  which was presented a t  the  Automotive Safety Seminar , hosted 

by the  General Motors Corporation on June 20, 1973. 

In t h i s  s tudy var ious  da ta  sources  were u t i l i z e d  t o  accura te ly  

c l a s s i f y  veh i c l e s  according t o  weight ,  t o t a l  veh ic le  popula t ion,  

veh i c l e  use ,  c h a r a c t e r i s t i c s  of t h e i r  d r i v e r s ,  use of i n s t a l l e d  

r e s t r a i n t  systems,  and in ju ry  producing acc iden ts  involving these  

v e h i c l e s ,  In gene ra l ,  t h e  s t u d y  confirmed many conclusions regarding 

smal l  c a r s  drawn from o the r  r e sea rch ,  such a s  t h a t  t he  r i s k  of 

i n ju ry  t o  occupants i n  acc iden ts  is g r e a t e r ,  t h a t  they a r e  over- 

represen ted  i n  one ca r  acc iden t s ,  t h a t  t h e i r  d r i v e r s  a r e  younger, 

and t h a t  genera l ly  they conta in  fewer occupants. 

Most s i g n i f i c a n t l y ,  the  study q u a n t i t a t i v e l y  e s t a b l i s h e d  t h e  

comparative r i s k  of i n ju ry  t o  occupants of veh i c l e s  i n  var ious  

accident  conf igura t ions  r e l a t i v e  t o  t h e  weight of the  veh i c l e s .  

From t h i s  data, i n j u r y  r a t e s  were p red ic ted  a s  a  funct ion of t he  

change of t he  veh i c l e  s i z e  "mix" i n  the  American o v e r a l l  veh i c l e  

popula t ion.  See Appendix A f o r  t h e  complete t e chn ica l  r e p o r t ,  

"A S t a t i s t i c a l  Descr ipt ion of Large and Small Car Involvement i n  

Accident sf ' .  

10.2 Parked Car Accidents 

Inves t i ga t i on  of acc iden t s  which involved parked c a r s  was 

l im i t ed  t o  t he  Level I1  o r  crash phase t h i s  pas t  year .  Such 

acc iden t s  were severe  i n  terms of proper ty  damage and i n j u r y .  

I n  one accident  a  t r a c t o r  and s e m i - t r a i l e r  combination&ruck 

khe-geay-~f -a-g=mhlar t r uck  combinat ion which was parked on the  
* 

GM Training Center ,  Warren,Michigan. 



shoulder of an i n t e r s t a t e  highway because of some minor mechanical 

malfunction. There was near complete overlap of f ront  and rea r  

between the s t r i k i n g  and parked vehic les .  Both dr iver  and helper 

i n  the s t r i k i n g  t ruck,  which was an i n t e r s t a t e  moving van, 

sustained severe non-fatal i n j u r i e s .  T h i s  accident occurred a t  

7:30 a.m. on a  b r i g h t ,  c l e a r ,  summer day w i t h  unlimited v i s i b i l i t y .  

The i n t e r s t a t e  highway sec t ion  was l eve l  and s t r a i g h t  and not 

near any interchange. T r a f f i c  was very l i g h t  and f ree  flowing. 

The s t r i k i n g  vehic le ,  a  moving van,had loaded u p  a t  a  Canadian c i t y  

200 miles d i s t a n t ,  about four hours e a r l i e r .  Both the dr iver  and 

h i s  helper had exhausted themselves loading and had taken no i n t e r -  

mediate r e s t  s tops .  Therefore,  the d r i v e r ,  drowsy and i n a t t e n t i v e ,  

and somewhat eurphoric,thought the parked t ruck ahead was moving 

i n  t r a f f i c . a n d  he s t ruck  i t  without any braking or taking evasive ac t ions  

In another i n t e r s t a t e  highway accident ,  a  parked pol ice 

p a t r o l  car  was s t ruck  i n  the r ea r  while the o f f i c e r  was inves t i -  

gat ing an e a r l i e r  accident .  The s t r i k i n g  vehicle  was on the 

c l imbing, le f t  turn,upper most bypass of a  3-leg Y-type interchange, 

Apparently the dr iver  l o s t  h i s  po in ts  of reference due t o  vehicle 

speed and highway e levat ion  while t u r n i n g ,  so he col l ided  w i t h  the  

r ea r  of the p a t r o l  car  parked on the shoulder of the roadway i n  

broad daylight w i t h  i t s  red emergency l i g h t s  f l a sh ing ,  The d r ive r  

a l s o  appeared t o  be d i s t r a c t e d  by the  f lash ing  emergency l i g h t s  

while navigating a  complex port ion of the interchange a t  h i g h  

speed. A l l  f a c t o r s  combinedto a f f e c t  h i s  performance.He attempted 

no pre-crash braking or  avoidance maneuvers. 

A more t r a g i c  accident of t h i s  type occurred one n i g h t  i n  * 
February 1972. A f a the r  and daughter were standing between 

t h e i r  respect ive  vehicles  which were parked w i t h  the l i g h t s  on wel l  o f f  

the  roadway on the shoulder of a  two-lane r u r a l  roadway, when one of 
the  ca r s  was s t ruck  i n  the r e a r .  The c o l l i s i o n  impelled t h e i r  

ca r s  together  w i t h  g rea t  force.  Both fa the r  and daughter (52 and 
..................... 

* 
Accident case s t u d y  AA 169.  



2 1  years  r e s p e c t i v e l y )  su s t a ined  s e r i o u s  i n j u r i e s  r e s u l t i n g  i n  

t raumat ic  amputation of lower l i m b s .  The d r i v e r  of the  s t r i k i n g  

veh i c l e  was i n tox i ca t ed .  

These parked veh i c l e  acc iden ts  l ed  t o  an assessment of t h e  

scope, frequency and s e v e r i t y  of such acc iden t s .  Questions l i k e ,  

"how many acc iden ts  involve parked vehic les?"  "how many involve 

i n j u r i e s ? "  "how do they occur?" "under what condi t ions  do they 

most o f t e n  occur?", were posed. A s  a  f i r s t  s t e p ,  mass accident  

da t a  (Level I Po l ice  ~ e p o r t s )  were examined and i t  was found t h a t  

t he  major i ty  of such acc iden t s  occur a t  low ve loc i ty  impact on 

urban r e s i d e n t i a l  s t r e e t s ,  usua l ly  a r e  l e s s  severe  than o the r  

a c c i d e n t s ,  and genera l ly  a r e  minor "fender bender" c o l l i s i o n s ,  

i n i t i a t e d  by a  d r i v e r  backing i n t o  a  c a r  parked i n  t he  s t r e e t .  

Examination of accident  da t a  nationwide i n d i c a t e s  t h a t  coding 

of "parked ca r "  acc iden t s  v a r i e s  among the  s t a t e s .  Even i n  those  

s t a t e s  which s p e c i f i c a l l y  i d e n t i f y  t h i s  type of acc iden t ,  t he  

percentage of parked c a r  c o l l i s i o n s  v a r i e s  widely,  i nd i ca t i ng  

t h a t  t he  term "parked ca r "  on the  acc iden t  r epo r t  is  i n t e r p r e t e d  

d i f f e r e n t l y  among j u r i s d i c t i o n s .  For example, i n  North Carol ina  

parked c a r  acc iden ts  i n  a  recent  year c o n s t i t u t e d  0.9% of a l l  

r epor ted  acc iden t s ,  3.6% of i n ju ry  acc iden ts  and 1 .3% of a l l  f a t a l  

a cc iden t s .  In Michigan, 1 .8% of a l l  f a t a l  a cc iden t s  involved 

parked c a r s .  

To sepa ra t e  the  more s e r i o u s  parked ca r  acc iden t s  from those  

of t he  "fender benders" which occur mostly on r e s i d e n t i a l  s t r e e t s ,  

a l l  Washtenaw County i d e n t i f i a b l e  and repor ted  parked ca r  acc iden t s  

were computer scanned. A l i s t i n g  was then recons t ruc ted  of parked 

c a r  acc iden t s  which occurred ou ts ide  of the  two major c i t i e s ,  

Y p s i l a n t i  and Ann Arbor, which t o t a l e d  850. From t h i s  l ist  t h e r e  

were f i l t e r e d  a  s u b s t a n t i a l  number of acc iden t s  of t he  "fender 

bender", r e s i d e n t i a l  s t r e e t  v a r i e t y ,  and a  second l i s t  of 174 

cases  which included only i n j u r y  ( including f a t a l  i n j u r y )  acc i -  

den t s  occurr ing ou t s ide  c i t y  limits. 



The "hard copy" po l ice  r epo r t s  corresponding t o  these  acci -  

dents  were reviewed t o  obta in  some understanding of the  circum- 

s tances  surrounding each acc iden t .  I n  1971 there  were 47 i n j u r y  

and f a t a l  i n j u r y  parked car  acc iden ts .  Twenty-two occurred on 

l imi ted  access highways, of i n t e r s t a t e  o r  equivalent  highway 

s tandards .  Causation comments on the  po l ice  r epo r t s  f o r  these 

accidents  were: 

Previous accident  7  

Police vehic le  
( f l ash ing  l i g h t  ) 

Other o f f i c i a l  highway vehic le  
(yellow f lash ing  l i g h t )  1 

Mechanical t rouble  3 

Driver sleeping 1 

Construct ion t r a i l e r  1 

Stopped i n  roadway 
(reason not s t a t e d )  

Stopped on shoulder 
(reason not s t a t e d )  6  

To determine the  r e l a t i v e  l e t h a l i t y  of these  acc iden t s ,  both 

Michigan and Texas data  f i l e s  were examined, Parked car  accidents ,  

on an average, seem t o  be l e s s  severe than other  accident ca tegor ies  

i n  Texas accident  da t a .  However i n  Texas these accidents  occur 

more f requent ly .  The number of parked car  f a t a l  accidents  reported 

i n  Texas over a  th ree  year period is 44 (1969), 37 (1970), and 

52 (1971). In Michigan there  were 35 f a t a l  parked car  accidents  

i n  1971, Using these  f i g u r e s ,  a  gross  p ro jec t ion  can be made 

nationwide by comparing the  t o t a l  U.S. population w i t h  t h a t  of 

the  two observed s t a t e s .  The Texas and Michigan populat ions t o t a l  

about 20,000,000, The t o t a l  number of Michigan and Texas parked 

car  f a t a l  accidents  i n  one year ,  based on Michigan's 1971 record 

and the  average-of t h r ee  years of Texas da t a ,  is 78. The e n t i r e  

U.S. populat ion is approximately 200,000,000, o r  10 times t h a t  of 

Michigan and Texas combined. From t h i s  one might conclude t h a t ,  

nat ional ly ,parked car  f a t a l  acc iden ts  average 780,or 1.4% of a l l  

f a t a l  a c c i d e n t s .  
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Other f a c t o r s  con t r i bu t ing  t o  acc iden ts  involving parked c a r s  

include roadway and l i g h t i n g  condi t ions ,  a lcohol  impairment,, and 

in ju ry  causa t i on ,  j u s t  a s  i n  a l l  o the r  acc iden t s .  Figure 10.2-2 

compares injury-producing parked ca r  acc iden ts  and o ther  types  of 

acc iden t s  versus  roadway cond i t i ons , a s  indicat ,ed i n  t h e  Washtenaw 

County Accident F i l e  f o r  1971. Icy roadway condi t ions  a r e  more 

s t rong ly  a s soc i a t ed  w i t h  parked ca r  acc iden ts  i n  these  d a t a .  

S imi l a r ly ,F igu re  10.2-3 compares the  incidence of parked ca r  

acc iden t s  a t  night  versus  day l igh t ,  based on a  Texas 5% accident  

sample, and i n d i c a t e s  over involvement a t  n igh t .  There appears t o  

be a  g r e a t e r  tendency t o  s t r i k e  parked c a r s  a t  night  because of 

r e s t r i c t e d  nightt ime v i s i b i l i t y , r a t h e r  than because of excess  of 

parked c a r s  a t  n igh t .  

The Washtenaw County Accident Data F i l e  was reviewed t o  com- 

pare a lcohol  involvement i n  parked ca r  acc iden ts  w i t h  a l l  o the r  

county acc iden t s .  A s  Figure 10.2-4 i n d i c a t e s  i t  i s  not s i g n i f i c a n t l y  

d i f f e r e n t  from i ts  propor t ion i n  o the r  acc iden t s ,  i f  po l i ce  repor ted 

acc iden t  i n f o r m a t i o n , i s  r e l i a b l e .  I t  appears t h a t  d r i v e r s  who 

s t r i k e  parked c a r s  a r e  no l e s s  a l e r t  than t h e  "average" accident  

involved d r i v e r ,  

Figure 10.2-5 compares i n j u r y  production of parked car  acc i -  

den ts  w i t h  t h a t  of a l l  a cc iden t s ,  based on a  Texas 5% sample acc i -  

dent f i l e ,  and shows t h a t  i n  gene ra l ,  parked car  acc iden t s  a r e  l e s s  

s e r i o u s  f o r  veh ic le  occupants than f o r  those i n  o the r  type acc i -  

den ts .  

T h i s  t r i - l e v e l  assessment of the  magnitude of the  parked c a r  

acc iden t  problem should provide i n i t i a l  i n s i g h t  regarding the  

condi t ions  which p r e c i p i t a t e  such acc iden t s ,  the  var ious  types  of 

c r a shes ,  and the  circumstances under which they occur.  

In summary, t h e r e  a r e  a  l a rge  number of minor parked c a r  acc i -  

den ts  each year  (approximately 10% of a l l  a c c i d e n t s ) .  W i t h i n  t h i s  

group, however, is a  segment which c o n s t i t u t e s  t he  more severe  

type c rashes  occurr ing on open and l im i t ed  access  highways. T h i s  
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group appears t o  account f o r  1.4% of the na t iona l  f a t a l i t y  t o t a l .  

The most f requent ly  s t a t e d  reason f o r  a  ca r  being stopped o r  

parked on l imi ted  access  highways i n  Washtenaw County, Michigan ,is 

"previous accident" ,  emphasizing t he  problem of acc iden ts  which 

could p r e c i p i t a t e  o ther  acc iden t s ,  and v a l i d a t e s  Highway Safety  * 
Program Standard 16, t i t l e d  ''Debris Hazard Control and Cleanup," 

Icy road condi t ions  on major highways a r e  more assoc ia ted  w i t h  

parked ca r  acc iden ts  than w i t h  a l l  o ther  acc iden ts .  Parked car  

acc iden ts  occur most f requent ly  under nightt ime condi t ions .  How- 

ever ,a lcohol  involvement p r o p o r t i o n a t e l y , i s  no d i f f e r e n t  than i n  

o ther  acc iden ts .  

A suggested countermeasure t o  reduce parked ca r  acc iden ts ,  

is the  use of warning dev ices ,  such a s  por tab le  s i g n s ,  f l a s h e r s ,  

and f l a r e s ,  on veh ic les  parked along the  highway. However e f f e c t i v e  

t h i s  might be i n  some s i t u a t i o n s ,  i t  would not have prevented two 

of t he  t h r ee  acc iden ts  described e a r l i e r .  In the accident  i n  which 

the  po l i ce  p a t r o l  c a r  was s t r u c k ,  what could have been b e t t e r  

warning than i t s  red f l a sh ing  l i g h t s .  A previous accident  on t he  

roadway, c i t e d  a s  the  reason f o r  most parked ca r  acc iden ts  i n  Pashtenaw 

County, Michigan, may n u l l i f y  t imely use of a  warning device t o  

prevent a  second acc iden t .  Fast  po l ice  ac t i on  a t  the  accident  ** 
s i t e ,  including s e t t i n g  up emergency l i g h t s ,  f l a r e s , a n d  pos i t ion ing  

po l i ce  veh ic les  f a r  enough away from the accident  s i t e  t o  warn 

on-coming t r a f f i c , s e e m s  the  bes t  s o l u t i o n .  

* 
T h i s  s tandard r equ i r e s  t h a t  each s t a t e  have a  program f o r  
the  prompt cor rec t ion  of condi t ions  o r  i nc iden t s  t h a t  con- 
s t i t u t e  p o t e n t i a l  dangers on highways. **  
Also an ob j ec t i ve  of Highway Safety Program Standard 15, 
t i t l e d  "Police T r a f f i c  Services".  



10.3  Side Impact Performance 

Side impacts, o r  c l a s s i c  "T" o r i e n t a t i o n  crashes  a t  i n t e r -  

s e c t i o n s  , c o n s t i t u t e  a s i g n i f i c a n t  por t ion  of a l l  a cc iden t s .  In 

Washtenaw County, 10,207 acc iden t s  were c l a s sed  a s  i n t e r s e c t i o n  * 
c o l l i s i o n s .  Of 50 Level I11 accident  case s t u d i e s  20 ,or  40%, 

(10 r i g h t  s i d e  and 10 l e f t  s i d e )  were s i d e  impacts.  ** 
Vehicles equipped w i t h  s o  c a l l e d  "s ide  guard beam" s t r u c t u r e s ,  

o r  not s o  equipped, were adequately represen ted  i n  Level 111 in-  

depth case s t u d i e s .  Although the  angle and loca t ion  of the  s i d e  

impact and the  impact ve loc i t y  of the  s t r i k i n g  veh i c l e  va r i ed ,  no 

no t i cab l e  d i f f e r ence  i n  i n ju ry  production o r  veh i c l e  damage s e v e r i t y  

was observed between veh ic l e s  equipped w i t h  a  "side guard beam" 

and those  not s o  equipped. 

Figures 10.3-1, 10.3-2, 10.3-3, 10.3-4, 10.3-5 and 10.3-6 

i l l u s t r a t e  s e v e r a l  s i d e  impact c o l l i s i o n s  i n  which t he  s t r u c k  

veh ic le  was equipped w i t h  a  "s ide  guard beam". In Figure . l0 .3 -1 ,  

a  1971 Ford Galaxie sus t a ined  a  perpendicular  impact by a  1971 

f u l l  s i z e  Mercury a t  impact ve loc i t y  of 30 mph. Sheet metal 

crush measured 29 inches a t  the  r e a r  sur face  of the  f r o n t  door. 

In t h i s  acc iden t ,  the  unres t ra ined  s t r u c k  veh i c l e  d r i v e r  received 

minor i n j u r i e s ,  but t he  l ap  be l t ed  r i g h t  f ron t  male passenger,  

aged 22, su s t a ined  wrist and elbow f r a c t u r e s ,  a  r i b  f r a c t u r e ,  

l i v e r  damage, and spleen and i n t e s t i n a l  rup ture  from the  impinging *** 
door (AIS-04, s e r i o u s )  . 

* 
The t o t a l  number of a cc iden t s  during t h i s  per iod were 
30,577,  t h u s  i n t e r s e c t i o n  c o l l i s i o n s  accounted f o r  one- 
t h i r d  of a l l  r epor ted  acc iden t s .  

** 
Motor Vehicle Program Standard No. 214, t i t l e d  "Side Door 
Strength"  became e f f e c t i v e  f o r  a l l  passenger c a r s  manu- 
f ac tu red  a f t e r  January 1, 1973. Various veh i c l e  models 
were, however, equipped w i t h  t h i s  f e a t u r e  a s  e a r l y  a s  1969. 
The s tandard  r e q u i r e s  t h a t  t h e  s t r u c t u r a l  des ign of veh i c l e s  
be such a s  t o  meet t e s t  requirements f o r  a  s p e c i f i e d  type 
of fo r ce  app l ied  t o  the  doors of t he  veh i c l e .  T h i s  is t o  
minimize t he  i n j u r y  hazard t o  occupants i n  a  veh i c l e  s t ruck  
i n  t he  s i d e  from i n t r u s i o n  i n t o  t he  passenger compartment 
by the  s t r i k i n g  veh i c l e .  

*** 
American Medical Associat ion Abbreviated Injury  Scale (AIS). 



F i g u r e  10 .3 -2 .  1971 Chev ro l e t  Vega F i g u r e  10 .3-2 .  1971 Chev ro l e t  Vega 

F i g u r e  10.3-3. 1973 Ford P i n t o  Figure 10.3-4. 1969 C h e v r o l e t  I a p a l a  

Flgure 10 3 - 5  1970 Plvmouth Bar racuda  F l g ~ r e  10 3-G 1972  P1"n.o. r h  Grar . r  Coupe 



The 1971 sub-compact Chevrolet  Vega i n  Figure 10.3-2 was 

a l s o  equipped w i t h  " s i de  guard beams", and was s t r u c k  broadside  

a t  l0.mph impact v e l o c i t y  by a Chevrolet  pickup t r u c k .  Maximum 

crush was 13 inches  a t  t h e  B - p i l l a r .  The d r i v e r  and r i g h t  f r o n t  

passenger ,bo th  u n r e s t r a i n e d ,  s u s t a i n e d  minor i n j u r i e s .  The r i g h t  

r e a r  u n r e s t r a i n e d  passenger  r e ce ived  a  s eve re  concussion from 

con t ac t  w i t h  t h e  B p i l l a r  (AIS-05, c r i t i c a l ,  s u r v i v a l  u n c e r t a i n ) .  

F igure  10.3-3 shows a  l e s s  f r equen t  smal l -car- to-smal l -car  

s i d e  impact .  The 1973 Ford P i n t o  Runabout w i th  " s i d e  guard  beams" 

was s t r u c k  ob l i que ly  by a  1972 Dodge Colt  a t  impact v e l o c i t y  of 

20  t o  25 mph. Maximum crush  s u s t a i n e d  was 19 inches .  The un- 

r e s t r a i n e d  r i g h t  f r o n t  female passenger ,  aged 3 5 ,  succumbed t o  

m u l t i p l e  trauma. C r i t i c a l  i n j u r i e s  s u s t a i n e d  from t h e  s i d e  impact 

inc luded  a  r up tu r ed  l i v e r  and s p l e e d  and crushed b r a i n  stem. 

O t h e r  occupants  s u s t a i n e d  minor t o  moderate i n j u r i e s .  

A 50 yea r  o l d  male d r i v e r  i n  a  1969 Chevrole t  s t r u c k  by a  

d i e s e l  f r e i g h t  t r a i n  a t  10 mph was u n r e s t r a i n e d  and r ece ived  minor 

b r u i s e s .  In t h i s  a c c i d e n t ,  t h e  r e i n f o r c e d  door s t r u c t u r e  is 

c r e d i t e d  w i t h  s i g n i f i c a n t l y  reduc ing  s i d e  i n t r u s i o n ,  a s  can be  

observed i n  F igure  10.3-4. The occupants  of t h e  1970 Plymouth 

Barracuda i n  F igure  10.3-5 r ece ived  minor i n j u r i e s .  The v e h i c l e  

s u s t a i n e d  19 i nches  of crush  a t  t h e  A - p i l l a r  when s t r u c k  ob l i que ly  

by a  f u l l  s i z e  1969 Pon t i a c  w i t h  a  v e l o c i t y  of 15  mph. 

The 1972 Plymouth Grand Coupe i n  Figure  10.3-6 was not 

equipped w i t h  any a d d i t i o n a l  door s t r u c t u r e .  When s t r u c k  by 

a  1971 Pon t i a c  moving a t  15  mph, i t  s u s t a i n e d  11 i n c h e s  of s h e e t  

meta l  c ru sh .  The u n r e s t r a i n e d  62 year  o l d  d r i v e r  s u s t a i n e d  r i b  

f r a c t u r e s  from con t ac t  w i t h  t h e  door and a  c r i t i c a l  l a c e r a t i o n  of 

t h e  a o r t a  (AIS-05, c r i t i c a l ,  s u r v i v a l  u n c e r t a i n ) .  
* 

A HSRI s t a t i s t i c a l  a n a l y s i s  of a c c i d e n t  d a t a  on t h e  p e r f o r -  

mance of " s ide  guard beam" s t r u c t u r e s  i n  s i d e  impact a c c i d e n t s  

compared i n j u r y  l e v e l s  of occupants  i n  c a r s  equipped w i t h  "s ide  
.................... 

* 
HSRI Report compiled s e p a r a t e l y  t i t l e d ,  "An Evalua t ion  of 
t h e  E f f e c t i v e n e s s  of Side-Door Beams Based on Accident 
E x p e r i e n c e " ,  F .  P r e s ton  and R .  Sho r t r i dge  is c u r r e n t l y  
i n  p r e p a r a t i o n .  



guard  beams" w i t h  t h o s e  i n  c a r s  not  s o  equipped .  The i n f l u e n c e  

of impact speed ,  occupant  s e a t  l o c a t i o n ,  and r e s t r a i n t  use  were 

inc luded  i n  the a n a l y s i s .  A s e p a r a t e  comparison was made of t h e  

deg ree  of p e n e t r a t i o n  of  t h e  s t r i k i n g  v e h i c l e  i n t o  t h e  s t r u c k  

v e h i c l e  i n  t h e  two g roups .  Again,  c o n s i d e r a t i o n  was g iven  t o  

a n g l e  of impact and t o t a l  energy of impact .  

HSRI a c c i d e n t  d a t a  f i l e s  f o r  Denver County, Colorado,  t h e  

C o l l i s i o n  Performance and I n j u r y  Report (CPIR) f i l e ,  which i n c l u d e s  

a l l  H S R I  Level  I11 and Level  I1 a c c i d e n t  c a s e s ,  and a  5% random 

sample of Texas a c c i d e n t s  were u t i l i z e d .  These d a t a  sets do not 

r e p r e s e n t  random o r  i d e n t i c a l  samples  nat ionwide s o  t h e y  were 

ana lyzed  s e p a r a t e l y  a s  t h r e e  d i s c r e t e  a c c i d e n t  d a t a  f i l e s .  Pre-  

sumably,  i f  " s ide  guard beams" had a  dec ided  e f f e c t  on i n j u r y  

r e d u c t i o n ,  t h i s  e f f e c t  would be observed i n  each of t h e  d a t a  f i l e s  

u t i l i z e d .  Ana lys i s  p r e c i s i o n  was l i m i t e d  by t h e  r e l a t i v e l y  fewer 

c a s e s  i n v o l v i n g  v e h i c l e s  w i t h  " s i d e  guard  beams". Because of 

t h e i r  r e l a t i v e l y  r e c e n t  i n t r o d u c t i o n  i n t o  l a t e  model v e h i c l e s  , 
t ime is r e q u i r e d  be fo re  such equipped v e h i c l e s  a r e  a  s i g n i f i c a n t  

p a r t  of t h e  t o t a l  v e h i c l e  p o p u l a t i o n .  

The f requency  of s i d e  impact c o l l i s i o n s  was measured by 

examining t h e  number of v e h i c l e s  s u s t a i n i n g  f r o n t  door  damage i n  

b roads ide  and s ideswipe  a c c i d e n t  c o n f i g u r a t i o n s ,  which were a  

s i z a b l e  p r o p o r t i o n  (12%) of a l l  a c c i d e n t s .  Le f t  and r i g h t  f r o n t  

door  impacts  were e q u a l l y  d i v i d e d .  The e f f e c t  of s e a t  b e l t  and 

upper  t o r s o  r e s t r a i n t  u s e  on d r i v e r - o n l y  i n j u r i e s  was examined. 

(More i n f o r m a t i o n  was a v a i l a b l e  on d r i v e r s  t han  on r i g h t  f r o n t  

p a s s e n g e r s ) .  The a n a l y s i s  i n d i c a t e d  t h a t  u n r e s t r a i n e d  d r i v e r s  

i n  s i d e  impacts  were about  tw ice  a s  l i k e l y  t o  s u s t a i n  s e v e r e  

i n j u r y  a s  were r e s t r a i n e d  d r i v e r s .  

To examine t h e  e f f e c t  of " s ide  guard  beamsf' on i n j u r y ,  t h e  

o v e r a l l  i n j u r y  s e v e r i t y  s u s t a i n e d  by d r i v e r s  of v e h i c l e s  equipped 

w i t h  I f s ide  guard  beams" was compared w i t h  t h e  o v e r a l l  i n j u r y  s e v e r i t y  

r eco rded  f o r  t h o s e  d r i v e r s  of v e h i c l e s  l a c k i n g  " s i d e  guard beams". 



* 
T h e  number of a c c i d e n t  c a s e s  a v a i l a b l e  f o r  t h i s  a n a l y s i s  was 196.  

While t h e  mean i n j u r y  v a l u e  f o r  d r i v e r s  i n  v e h i c l e s  w i t h  " s i d e  

gua rd  beams" was g r e a t e r  t h a n  t h o s e  i n  v e h i c l e s  l a c k i n g  " s i d e  

gua rd  beams", the d i f f e r e n c e  was no t  s t a t i s t i c a l l y  s i g n i f i c a n t .  

T h i s  a n a l y s i s  i n d i c a t e d  t h a t  there was no d i s c e r n a b l e  d i f -  

f e r e n c e  a t  t h i s  time between i n j u r y  s e v e r i t y  p a t t e r n s  of occupan t s  

i n  " s i d e  gua rd  beam" equipped v e h i c l e s ,  and occupan t s  of v e h i c l e s  

w i t h o u t  them. A l so ,  t h e r e  was no ev idence  t h a t  " s i d e  guard  beams" 

reduced  o v e r a l l  s h e e t  me ta l  c rush  i n  s i d e  impact c o l l i s i o n s , w h i c h  

a l l o w s  two c o n c l u s i o n s :  e i t h e r  t hey  a r e  not  e f f e c t i v e ,  - o r  t h e r e  

i s  not  p r e s e n t l y  enough d a t a  t o  conf i rm how e f f e c t i v e  t h e y  may be .  

The e f f e c t  of " s i d e  guard  beams" i n  r educ ing  i n j u r y  has  not been 

adequa te ly  demons t ra ted  by a v a i l a b l e  d a t a .  I t  now seems t h a t  any 

r e a l  p o s i t i v e  e f f e c t  must be s m a l l .  We need more i n f o r m a t i o n ,  

b e s t  d e r i v e d  from more c a r e f u l l y  prgpared  a c c i d e n t  r e p o r t s .  

10 .4  Capr i  Windshie lds  

I n  a c c i d e n t  c a s e  s t u d y  AA 325 ,  a  1972 C a p r i ,  2-door sedan  

l e f t  t h e  roadway ou t  of  c o n t r o l  and s t r u c k  a  l a r g e  t r e e  head-on. 

The occupan t s  s u s t a i n e d  i n j u r i e s  and t h e  d r i v e r  was a l c o h o l  

impai red ,  but t h e  most s i g n i f i c a n t  f i n d i n g  was t h a t  t h e  v e h i c l e  

w i n d s h i e l d  bond had comple te ly  s e p a r a t e d .  Veh ic l e  damage , inc luding  

w i n d s h i e l d  s e p a r a t i o n ,  was s i m i l a r  t o  t h a t  which o c c u r r e d  i n  a  ** 
1971 Ope1 sedan .  The Ope1 model i n  t h a t  o l d e r  c a s e  s t u d y  a t  

t h e  t ime was under  r e c a l l  f o r  w i n d s h i e l d  r e t e n t i o n  d e s i g n  modi f i -  

c a t i o n  i n  compliance w i t h  Motor Vehic le  Program S tanda rd  (MVPS) 

#212. 

The a forement ioned  1972 Capr i  s u s t a i n e d  f r o n t a l  damage t o  

hood, g r i l l ,  and bumper w i t h  inward c rush  measuring 16 i n c h e s  , a s  

shown i n  F igu re  10.4-1.  The f o r c e  of t h e  impact was c o n c e n t r a t e d  .................... 
* 

CPIR Revis ion  3 data f i l e  f o r  d r i v e r s  of 1969-73 model 
v e h i c l e s .  

** Accident  c a s e  s tudy  AA 154,  d a t e d  January 26 ,  1973. 





a t  t h e  v e h i c l e ' s  l o n g i t u d i n a l  c e n t e r l i n e .  Es t imated impact speed ,  

based p r ima r i l y  on damage s u s t a i n e d  ,was approximately 15 mph . 
MVPS #212, Windshield Mounting, p r e s c r i b e s  t h a t  veh i c l e  wind- 

s h i e l d  r e t e n t i o n  des ign  ensu re s  t h a t  occupants  i n  a  c o l l i s i o n  

v e h i c l e  a r e  con ta ined  w i t h i n  t h e  con f ine s  of t he  passenger  com- 

partment  and not e j e c t e d .  The 100% bond s e p a r a t i o n  i n  t h e  1972 

Capr i  r e s u l t e d  i n  t h e  windsh ie ld  becoming completely s epa ra t ed  

from t h e  windsh ie ld  opening and f a l l i n g ,  i n t a c t ,  on the  hood. 

To determine  compliance w i t h  t h e  s t a n d a r d ,  a  veh i c l e  is  sub j ec t ed  

t o  a  l o n g i t u d i n a l  b a r r i e r  c o l l i s i o n  a t  30  mph impact .  The wind- 

s h i e l d  mounting must r e t a i n  a t  l e a s t  75% of the  windsh ie ld  pe r i phe ry ,  

o r  50% of t h a t  p o r t i o n  of t he  windsh ie ld  pe r iphery  on each s i d e  

of t h e  v e h i c l e  l o n g i t u d i n a l  cen te r l ine ,when  an u n r e s t r a i n e d  95th 

p e r c e n t i l e  a d u l t  male manikin is s e a t e d  i n  each outboard f r o n t  

s e a t i n g  p o s i t i o n .  Considering t h e  l a r g e  d iameter  t r e e  which was 

s t r u c k  a t  an e s t ima t ed  speed of 15  mph, i t  is  doub t fu l  t h a t  t h i s  

p a r t i c u l a r  Capr i  would have passed t he  t e s t s  r equ i r ed  of t h i s  

s t a n d a r d .  The windsh ie ld  of t h e  Capri  was cracked a s  t he  r e s u l t  

of  head con t ac t  by both f r o n t  s e a t  occupants ,  i n d i c a t i n g  t h a t  t h e  

f o r c e  which produced windsh ie ld  bond s e p a r a t i o n  was due t o  t h e  

c o l l i s i o n  augmented by secondary i n t e r i o r  impact of t he  f r o n t  s e a t  

occupants .  

T h i s  a cc iden t  ,and i t s  s i m i l a r i t y  t o  t h e  acc iden t  invo lv ing  

t he  Opel,  i n s t i g a t e d  a  review of t h e  C o l l i s i o n  Performance and 

In ju ry  Report F i l e  f o r  damage t o  Capr i s  i n  o t h e r  a c c i d e n t s .  The 

f i l e  con ta ined  a  t o t a l  of twenty (about 0 . 6 % )  a c c i d e n t s  invo lv ing  

Capr i s .  Table 10.4-2 is  a  t a b u l a t i o n  by a cc iden t  i n v e s t i g a t i n g  

team, windsh ie ld  damage and c o n t a c t ,  t h e  o b j e c t  h i t ,  impact speed ,  

impact angld., and t h e  r e s u l t a n t  v e h i c l e  damage a s  measured by 

shee t  meta l  c rush .  Of t h e s e  twenty Cap r i s ,  s i x  (30%) s u s t a i n e d  

windshie ld  bond s e p a r a t i o n .  One 1972 Capri  s u s t a i n e d  100% wind- 

s h i e l d  bond s e p a r a t i o n ,  r e s u l t i n g  i n  complete d r i v e r  e j e c t i o n  

through t h e  windsh ie ld  opening. 



X X X  X X  X X X X  

X  X X  X X X  X X X X X X X X X X X  



Table  1 0 . 4 - 3  CPIR Data F i l e  Ope1 A c c i d e n t s  

Windshie ld  V a r i a b l e s  



The same CPIR d a t a  f i l e  was reviewed f o r  a c c i d e n t s  i n v o l v i n g  

Ope l s ,  a s  shown i n  Table  10.4-3.  There were 40 a c c i d e n t s  i n v o l v i n g  

Opels  i n  t h e  CPIR v e h i c l e  f i l e  ( 1 . 2 % ) .  Twenty- three Opels ,  o r  about  

60% of t h o s e  invo lved  i n  a c c i d e n t s ,  had s u s t a i n e d  w i n d s h i e l d  bond 

s e p a r a t i o n ,  i n d i c a t i n g  a  g r e a t e r  i n c i d e n c e  of w i n d s h i e l d  r e t e n t i o n  

f a i l u r e  i n  Opels  t h a n  i n  C a p r i s .  T h e r e f o r e ,  a l t hough  c a s e  s tudy  

A A  325  i n d i c a t e d  a  p o t e n t i a l  w i n d s h i e l d  r e t e n t i o n  problem w i t h  t h e  

C a p r i s ,  t h e  d a t a  sets i n d i c a t e  t h a t  i t  may no t  be a s  s e r i o u s  a s  

w i t h  Opels which were under  r e c a l l  f o r  f a i l u r e  t o  meet w i n d s h i e l d  

r e t e n t i o n  s t a n d a r d s .  

1 0 . 5  Maverick Sea t  Belt 

I n  one m u l t i d i s c i p l i n a r y  c a s e  s tudy  f a t a l  a c c i d e n t  a  2 5  y e a r  

o l d  male d r i v e r ,  a l t hough  wear ing  a  l a p  b e l t ,  was p a r t i a l l y  * 
e j e c t e d  o u t  t h e  l e f t  window d u r i n g  a  v i o l e n t  r o l l o v e r .  The v e h i c l e  

had r a n  o f 9  a  f o u r  l a n e  d i v i d e d  expressway,  s t r u c k  a  gua . rd ra i1 ,  t h e n  

w e n t  a i r b o r n e  and tumbled end-over-end down a 30 f o o t  embankment, 

coming t o  rest on i t s  whee l s .  

The v e h i c l e  and occupant  were no t  d i s c o v e r e d  u n t i l  74  hour s  

a f t e r  t h e  c r a s h .  The v e h i c l e ,  a  1972 Ford Maverick Grabber ,  i s  

shown i n  F i g u r e  10.5-1.  The d r i v e r ' s  body, s t i l l  l a p  b e l t e d ,  

was l e a n i n g  a g a i n s t  t h e  ou tward ly  deformed l e f t  f r o n t  door .  H i s  

r i g h t  l e g  was f o l d e d  benea th  him a s  shown i n  F i g u r e ' l O . 5 - 2 .  A 

b lood  sample a n a l y s i s  i n d i c a t e d  a blood a l c o h o l  c o n c e n t r a t i o n  of ** 
0.09%. During r o l l o v e r  t h e  d r i v e r  had been p a r t i a l l y  e j e c t e d  

ou t  t h e  l e f t  door  s i d e  g l a s s  opening and c o n t a c t e d  t h e  o u t s i d e  

upper  "A" p i l l a r ,  w i n d s h i e l d ,  and w i n d s h i e l d  header  a r e a ,  t e n  

i n c h e s  t o  t h e  r i g h t  of  t h e  l e f t  "A" p i l l a r .  

For t h e  d r i v e r  t o  have been s o  p a r t i a l l y  e j e c t e d  w h i l e  l a p  

b e l t e d ,  t h e  s e a t  b e l t  must have f u l l y  ex tended  d u r i n g  t h e  v i o l e n t  

r o l l o v e r .  

* 
Case s t u d y  AA 328 ,  "Passenger  C a r / ~ o l l o v e r " ,  December 11, 1972.  

** 
P e r c e n t  weight  by blood volume. 



Figure 10.5-1: Final resting position of maverick. (M 328.) 

F l g u r e  10 .5 -2  Deceased b e l t e a  d r i v e r  o r  c a s e  .A?, 328 i n  f m a l  r e s t l n g  p l a c e  



The lap  be l t  and locking r e t r a c t o r  were removed from the 

vehicle  f o r  s t u d y  and evaluat ion.  

The sea t  b e l t  locking r e t r a c t o r  design has a  r e e l  w i t h  

de ten t s  along both outs ide edges and a  locking bar p a r a l l e l  t o  

the r e e l ,  a s  shown i n  Figure 10.5-3. The ends of the locking 

bar extend past  the r e e l ,  which causes the bar t o  engage the 

de ten t s  and lock the r e e l ,  preventing fu r the r  r o t a t i o n .  The 

locking bar is under spr ing tension t o  insure tha t  i t  engaged the  

de ten t .  The primary force holding the locking bar i n  place,  

however, i s  provided by the engaged de tents  while the lap be l t  is  

under tens ion .  

Apparently,as the d r ive r  was thrown back i n t o  h i s  sea t  

d u r i n g  r o l l o v e r ,  tension lessened on the b e l t ,  causing a  relaxing 

of the appl ied force between the locking bar and the  engaged r e e l  

edge de ten t s ,  r e su l t ing  i n  a  re lease  of the locking re t r ' ac to r  

mechanism. The force o r i en ta t ion  was the same as  required t o  over- 

come the  spr ing  on the locking bar. If these events occur s i m u l -  

taneously,  the be l t  i s  f r e e  t o  u n w i n d  i t s  e n t i r e  length.  F u l l y  

extended, the slackened b e l t  allowed the dr iver  t o  become p a r t i a l l y  

e j ec ted  and s t r i k e  h i s  head on the e x t e r i o r  surface of the w i n d -  

s h i e l d .  

A second possible  s e r i e s  of events  t h a t  would have enabled 

the locking r e t r a c t o r  t o  r e l ease  and permit the b e l t  t o  unwind  

involves the p l a s t i c  housing, or  "boot:' surrounding the r e t r a c t o r  

r e e l  mechanism. T h i s  housing was f rac tured  d u r i n g  the crash,making 

i t  poss ib le  f o r  the b e l t  t o  s l i p  p a r t i a l l y  off the r e e l . l a t e r a l l y ,  

come i n t o  contact w i t h  the locking bar ,  and force the locking bar 

up so  a s  t o  become disengaged from the  de tents  on the r e e l .  T h i s  

would allow the be l t  t o  unwind.  The b e l t ,  displaced l a t e r a l l y  

from the  r e e l ,  is shown i n  Figure 10.5-4. T h i s  would not be pos- 

s i b l e  if  the be l t  were always al igned properly w i t h  the r e e l .  

T h i s  i s  the  funct ion of the  "boot" on the  p l a s t i c  r e t r a c t o r  

mechanism housing. 



Figure 10.5-3. John R o b t l n s  Co. l o c k l n g  r e t r a c t o r .  Pen  p o i n t s  t o  l o c k l n g  b a r .  

p l g u r e  10.5-4. B e l t  d i s p l a c e d  l a t e r a l l y  a c r o s s  r e e l  end 1:lhlbll:ing 
t h e  l o c k l n g  b a r  from engaging t h e  r e e l  end d e t e : l t s .  



To i n h i b i t  the  b e l t  from s l ipping  off the r e e l ,  i t  is 

recommended t h a t  a  metal guide be included a s  an i n t e g r a l  pa r t  

of the r e t r a c t o r  design so t h a t  the be l t  is always constrained 

t o  proper alignment w i t h  the r e e l .  . - -. 
The locking r e t r a c t o r  used i n  the case vehicle was manufactured 

by  the J i m  Robbins Seat Belt Company. For comparison, the design 
of other  s e a t  b e l t  and r e t r a c t o r  assemblies,such a s  those manu- 

fac tured  by Hamill Manufacturing Company, (see Figure 10.5-5) and 

General Safety (see Figure 10.5-6), were examined. These u n i t s  

use the same p r inc ip le  i n  design and could a l s o  re lease  i n  a  

s i m i l a r  crash s i t u a t i o n  as  described i n  case s t u d y  AA 328. 

H S R I  has not observed a  comparable case wherein a  sea t  be l t  

r e l e a s e d , e i t h e r  i n  a  c o l l i s i o n  s tudied or i n  a  control led s l ed  

t e s t ,  b u t  the  v io lent  ro l lover  accident described ind ica tes  a 

need f o r  improvement i n  present locking r e t r a c t o r  designs.  Present 
* 

t e s t s  f o r  compliance w i t h  Motor Vehicle Program Standards use 

simulated head-on,barrier type,crashes b u t  no o ther  crash orien- 

t a t i o n s .  

10.6  Multipurpose Vehicles 

Three mul t id isc ip l inary  accident case s tud ies  completed during 

the  past  year involved multipurpose vehic les .  Such vehicles  a re  

increasing i n  popular i ty ,  and yet a re  of growing concern i n  terms 

of t h e i r  o v e r a l l  s a f e t y .  The multipurpose vehicle  category includes 

"Jeep" type veh ic les ,  snowmobiles, motor homes, t ruck campers, 

camper t r a i l e r s ,  car  top campers, dune buggies,and s p o r t s  cycles .  

Three vehic les  examined extensively by the HSRI team as  three  d i f -  

f e ren t  Level I11 accident case s t u d i e s  were a  Jeep pos ta l  serv ice  

vehic le ,  a  Ford Bronco, and a  Swinger Statesman 28 foot motor home. **  
The d r i v e r  of the 1970 Jeep pos ta l  se rv ice  del ivery vehicle ,  

a ---- 27 y e a r  old male ran a  red t r a f f i c  s igna l  i n  the  c e n t r a l  c i t y  

* 
MVPS #209, Seat Belt Assemblies - Passenger Cars, MPV, Trucks 
and Buses. The method of t e s t i n g  automatic locking re- 
t r a c t o r s  i s  by simulation of head-on c o l l i s i o n s  only,  which 
a r e  conducted exclusive of g r a v i t a t i o n a l  forces  such a s  
those found i n  a  ro l lover  c rash .  **  
Case AA 301 



Figure 10.5-5 .  Locking r e t r a c t o r  manufactured b y  General  Safe ty  

F i g u r e  10.5-6.  Locklllg r e t r a c t o r  s a l l ~ f a c t u r e d  b y  Ham111 Co . ,  showing l o c k l n g  b a r .  



a rea  of A n n  Arbor, hlichigan,and was s t ruck  by a 1963 Valiant  

Conver t ib le ,  Upon i n i t i a l  impact, the  p o s t a l  s e rv i ce  Jeep went 

i n t o  r eve r se ,  backed the  d i s t ance  of an e n t i r e  c i t y  block, and 

rear-ended a  luminaire po l e .  The Jeep had been manufactured t o  

post  o f f i c e  s p e c i f i c a t i o n s  and lacked many sa f e ty  f e a t u r e s  re -  

qu i red  of present  passenger c a r s .  The r a t h e r  harsh i n t e r i o r  had 

no instrument panel  padding design and of fe red  l i t t l e  occupant: 

p ro t ec t  ion .  

A 1972 Ford Bronco i n  case s t u d y  AA-332 s t ruck  a  g u a r d r a i l  

type median b a r r i e r  on an e leva ted  concrete  median, a s  shown i n  

Figure 10.6-1. The Bronco vau l ted  the  g u a r d r a i l ,  went ac ross  

opposing t r a f f i c  l anes  out of c o n t r o l ,  and executed a  1$ r o l l  i n  

t he  f i l l  s e c t i o n  ad jacen t  t o  t he  roadway. The d r i v e r  was e j e c t e d  

out of t h e  l e f t  s i d e  g l a s s  opening, and the  veh ic le  r o l l e d  over 

h i m ,  causing f a t a l  i n j u r i e s .  The vehicle: high ground c learance 

and high cen t e r  of g r av i ty  f a c i l i t a t e d  i t s  vau l t ing  t he  median 

b a r r i e r  and r o l l i n g  over .  The d r i v e r  had owned the  veh ic le  one 

week. Unfami l ia r i ty  w i t h  t he  handling c h a r a c t e r i s t i c s  of such a  

veh i c l e  may have con t r ibu ted  t o  l o s s  of con t ro l .  

The d r i v e r  of the  1973 Swinger Statesman 28 foot  motor home 

had passed from a  curve t o  an i c e  covered tangent  s ec t i on  of 

i n t e r s t a t e  highway, whereupon the  veh ic le  began t o  s k i d ,  He 

overcor rec ted  the  skidding veh i c l e ,  f i s h t a i l e d  under marginal 

con t ro l  i n t o  the  i n s ide  l ane ,  then attempted t o  r e t u r n  t o  the  

ou t s ide  l ane .  A s  the  veh i c l e  s l i d  sideways onto the  ou t s ide  

l ane  he s t e e r e d  r i g h t  i n  an at tempt t o  s t r a i g h t e n  o u t ,  b u t  he 

l o s t  c o n t r o l .  The motor home then r o t a t e d  clockwise ac ros s  both 

l anes  onto  t he  median, overturned i n  a  th ree-quar te r  r o l l ,  and 

b u r s t  i n t o  flames when f u e l  which had leaked from i t s  tank i g n i t e d .  

The veh i c l e  was t o t a l l y  destroyed by the  f i r e  a s  shown i n  Figure 

10.6-2. The d r i v e r  was ab l e  t o  e x i t  uninjured before f i r e  com- 

p l e t e l y  enveloped the  veh i c l e .  The d r i v e r  was f a m i l i a r  w i t h  t h i s  

amke and model of veh ic le  b u t  had dr iven t h i s  p a r t i c u l a r  one only 

350 miles .  _--------------- 
* 
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Because of l im i t ed  da t a  on the  frequency of r e c r e a t i o n a l  

veh i c l e  acc iden t s ,  i t  can only be assumed t h a t  some inheren t  

problems r e l a t i v e  t o  s a f e t y  e x i s t  i n  r e c r e a t i o n a l  veh i c l e s .  

There a r e  no s p e c i a l  r ec r ea t i on  veh ic le  d r i v e r  requirements,  

such a s  proven experience and/or demonstration of opera tor  s k i l l s .  

Some pickup campers and l a r g e r  motor homes a r e  even more d i f f i c u l t  

t o  con t ro l  than l a r g e  commercial t r u c k s .  Drivers  f a m i l i a r  only 

w i t h  passenger c a r s  have adjustments t o  make when they ge t  behind 

the  wheel of a  multi-purpose veh i c l e .  The required t u rn ing ,  

braking and t ransmiss ion s h i f t i n g  e f f o r t s  normally a r e  d i f f e r e n t .  

There is  reduced rearward v i s i b i l i t y .  Greater  space is  needed 

f o r  simple turning maneuvers. 

In handling and c o n t r o l ,  a c c e l e r a t i o n  and stopping d i s t ances  

may d i f f e r  from those  of r egu la r  passenger c a r s  on the  same hi.gh- 

way. The dynamic s t a b i l i t y  of many multipurpose veh i c l e s ,  e spec i a l l y  

pickup campers and motor homes,can be unpred ic tab le  e s p e c i a l l y  

i f  they a r e  overloaded.  

Both t he  Bronco and Swinger Motor Home acc iden t s  were " lo s s  

of c o n t r o l "  type c rashes .  The Bronco accident  a l s o  i l l u s t r a t e s  

how multipurpose v e h i c l e s , l i k e  many t r u c k s ,  may not f u l l y  match 

w i t h  highways designed pr imar i ly  f o r  passenger c a r s .  The Bronco's 

high ground c learance increased i t s  chances of vau l t i ng  the  median 

b a r r i e r  a f t e r  s t r i k i n g  the  median curb.  The Swinger motor home 

accident  h i g h l i g h t s  t he  l im i t ed  s t r u c t u r a l  i n t e g r i t y  of many motor 

homes. Most cons i s t  of box-like ske l e tons  of metal framework w i t h  

t h i n  ou t e r  and j.nner s k i n s  a t t ached .  These s t r u c t u r e s  a r e  poorly 

designed t o  encounter  t he  fo rce s  involved i n  c rashes ,  e s p e c i a l l y  

r o l l o v e r s ,  so  t h e  i n ju ry  p o t e n t i a l  f o r  passengers i s  considerable .  

The i n s u l a t i o n  ma te r i a l  i n  motor homes, although f i r e  r e t a r d a n t ,  

once i g n i t e d ,  burns l i k e  wood. In t he  Swinger motor home accident  

t he  veh ic le  was t o t a l l y  destroyed by f i r e .  Many o the r  four  wheel 

d r i v e ,  a l l - t e r r a i n  veh i c l e s  have enclosed frame and s k i n  bodies 

s i m i l a r  t o  motor homes. So do l i g h t  pickup canopy covers which 



provide  l i t t l e  p r o t e c t i o n  f o r  occupants,  when i n  c o l l i s i o n s  o r  

r o l l o v e r s .  MVPS #216 ( E f f e c t i v e  8-15-73) which r e q u i r e s  t h a t  

veh i c l e  roo f s  r e s i s t  crush a p p l i e s  only t o  passenger c a r s  a t  t h i s  

t ime.  The Nat ional  Highway T r a f f i c  Safety  Administrat ion has 

def ined  a  mult ipurpose veh i c l e  a s :  "a veh i c l e  w i t h  power, except  

a  t r a i l e r ,  designed t o  ca r ry  t e n  persons o r  l e s s ,  which is con- 

s t r u c t e d  e i t h e r  on a  t r u c k  c h a s s i s  o r  w i t h  s p e c i a l  f e a t u r e s  f o r  

o f f - road  opera t ion" .  T h i s  i s  a  broad d e f i n i t i o n  which makes i t  

d i f f i c u l t  t o  adopt a l l  cu r r en t  motor veh i c l e  s t anda rds  t;o veh i c l e s  

covered s o  vaguely.  

Considering t he  r e c r e a t i o n a l  and multi-purpose use of l i g h t  

t r u c k s  (&  t o  3/4 ton  c l a s s i f i c a t i o n s ) ,  i t  appears t h a t  many cur-  

r e n t  passenger c a r  s t anda rds  dea l ing  w i t h  brakes ,  t i r e 9 , i n t e r i o r  

p r o t e c t i o n ,  head r e s t r a i n t s ,  e t c . ,  a l s o  could be app l ied  e f f e c t i v e l y  

t o  l i g h t  t r ucks .  A t  p resen t  over 50% of a l l  t r u c k s  manufactured 
* 

a r e  purchased f o r  persona l  o r  r e c r e a t i o n a l  use .  Not a l l  t he  

veh i c l e s  included wi th in  the  cur ren t  mult ipurpose veh i c l e  c l a s s i f i -  

c a t i o n ,  such a s  snowmobiles, t r a i l  b ikes ,  e t c . ,  a r e  a b l e  t o  meet 

t he  many s tandards  which apply t o  passenger c a r s .  I t  would bene f i t  

the  buying pub l i c  if  more of t he se  veh i c l e s  met consumer-information 

type requirements .  

* 
Vehicle manufacturers t r a d e  pub l i ca t i on .  
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10.7 Hood-Windshield Involvement 

One m u l t i d i s c i p l i n a r y  acc iden t  case  s tudy completed dur ing 

t h e  year  focussed a t t e n t i o n  on hood-windshield involvement i n  

a c c i d e n t s ,  and r e s u l t a n t  i n j u r y  t o  f r o n t  s e a t e d  occupants; from 

con t ac t  w i t h  t h e  hood. 

In  a cc iden t  case  s tudy A A  330, a  passenger  c a r  c o l l i d e d  w i t h  

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

f r o n t  occupant because t he  passenger  c a r ' s  hood pene t r a t ed  t h e  

windsh ie ld .  

Th i s  a cc iden t  occurred  F r iday ,  December 29,  1972, a t  1905 

hours ,  i n  heavy t r a f f i c  and adverse  weather  on eastbound 1-94 

sou th  of Ann Arbor, Michigan. The d r i v e r  of an eastbound t r uck  

belonging t o  t h e  C i t y  of Ann Arbor suddenly swi tched from out-  

s i d e  t o  i n s i d e  t r a f f i c  l a n e s  w i t h  t h e  i n t e n t i o n  of making an 

i l l e g a l  U - t u r n  on t he  d iv ided  highway median, and e n t e r e d  t h e  

pa th  of a  1971 C a d i l l a c  2-door Coupe de V i l l e  which was proceeding 

i n  t he  i n s i d e  eastbound l ane  a t  an es t imated  speed of 65 mph. 

The t r u c k ,  purchased a s  U .S .  Government s u r p l u s  p rope r ty ,  was a 

1952 GMC M135 2 i  t o n ,  6x6 type  of m i l i t a r y  de s ign .  The C a d i l l a c  

d r i v e r ,  who had j u s t  passed two o t h e r  v e h i c l e s  which were fo l lowing  

t h e  t r u c k  i n  t h e  o u t s i d e  l a n e ,  was unable t o  s t o p  and swerved 

toward t h e  median but crashed i n t o  t h e  l e f t  r e a r  dua l  wheels of 

t h e  t r u c k .  Th i s  r e s u l t e d  i n  a  22 inch over- lap  between t h e  Cad i l l a c  

f r o n t  and t ruck  rear bed, which was a l s o  equa l  i n  he igh t  above 

the roadway w i t h  t h e  C a d i l l a c  hood. 

Upon impact ,  t h e  C a d i l l a c  hood crumpled and s l i c e d  rearward 

w i t h  i t s  r i g h t  r e a r  edge p e n e t r a t i n g  t h e  windsh ie ld .  The r i g h t  

f r o n t  passenger  i n  t h e  C a d i l l a c ,  t h e  55 year  o ld  w i f e  of t h e  

d r i v e r ,  was wearing a l a p  b e l t  but wi thout  t h e  upper t o r s o  re-, 

s t r a i n t .  She moved forward on impact and con tac ted  t h e  r e a m a r d  

moving, p e n e t r a t i n g  hood edge,  and s u s t a i n e d  f a t a l  i n j u r i e s  

d i r e c t l y  t o  f r o n t  c e n t e r  of he r  head. (See Figure  10 .7 -1) .  

Cont r ibu t ing  f a c t o r s  t o  t h e  acc iden t  were:  ( 1 )  t h e  l i m i t e d  

v i s i b i l i t y  due t o  da rkness ,  m i s t  and heavy r a i n ,  compounded by 



inadequate r e a r  l i g h t i n g  on the  t ruck .  The t ruck  had been poorly 

maintained by t he  c i t y  w i t h  b u t  one t a i l l i g h t  ope ra t i ve ,  and i t  

was not r e g i s t e r e d  f o r  highway t r a v e l  because i t  was used mainly 

f o r  snow removal a t  the  c i t y ' s  a i r p o r t ;  (2)  t he  p robab i l i t y  t h a t  

t he  Cad i l l ac  d r i v e r  was t r a v e l l i n g  too  f a s t  f o r  p r eva i l i ng  con- 

d i t i o n s  when pass ing.  He had a  record of speeding v i o l a t i o n s  and, 

a t  one t ime,  had a  high r i s k  insurance r a t i n g .  

The Cadi l l ac  hood was of t h e  "hidden" wiper o r  recessed 

wiper design.  I t  was the  over r ide  of t h e  t ruck  bed a t  t he  v e h i c l e ' s  

l e f t  r e a r  t h a t  f irst  contacted the  Cadi l l ac  hood, r e s u l t i n g  i n  

hood sepa ra t i on  a t  the  f i rs t  l a t c h  and r e a r  hinges.  Figure 10.7-1 

shows the  windshield a r ea  contacted by t he  hood. Had the  Cadi l l ac  

d r i v e r  f o r t u i t i o u s l y  not swerved and, i n s t ead ,  s t r u c k  the  t ruck  

d r i e c t l y  i n  the  r e a r ,  t h e r e  would have been no underr id ing,  because 

the  t r u c k ' s  frame extended almost f l u sh  w i t h  t he  r e a r  end of t he  

t ruck  bed, t o  the  ex t en t  of encompassing the  coupling h i t ch  used 

f o r  towing m i l i t a r y  t r a i l e r s  and a r t i l l e r y  p i eces .  

Hood involvement w i t h  windshie lds  has been the  sub j ec t  of 

a  s epa ra t e  s tudy ,  u t i l i z i n g  t r i - l e v e l  da t a  a v a i l a b l e  from Washtenaw 

County a s  w e l l  a s  o the r  da t a  sources .  The s i n g l e  accident  data 

source  i n  which s u f f i c i e n t  d e t a i l  is  presen t  t o  i d e n t i f y  hood con- 

t a c t ,  o r  p e n e t r a t i o n ,  is  the  CPIR da t a  f i l e .  There i s  cur ren t  

informat ion i n  t he  Washtenaw County f i l e  on tow-away involvements 

of r e l a t i v e l y  new American-manufactured c a r s  over a  per iod of 20 

months. Washtenaw County po l i ce  mass accident  da t a  (Level I )  was 

a l s o  examined i n  conjunction w i t h  the  CPIR f i l e  t o  es t imate  t he  

genera l  frequency of hood windshield involvement. 

Within the  Washtenaw County subset  of t he  CPIR da ta  f i l e ,  

hood contact  w i t h  t he  v e h i c l e ' s  windshield occurs i n  about 4% of 

the  cases .  Given hood-windshield pene t r a t i on ,  near ly  14% of the  

occupant i n j u r i e s  were a s soc i a t ed  w i t h  t he  hood, w i t h  8% unequiv- 

oca l ly  a t t r i b u t e d  t o  t h e  hood. I n j u r i e s  assoc ia ted  w i t h  occupant 

contact  w i t h  d i sp laced  hoods were usua l ly  severe .  However, i t  

should be noted a l s o  t h a t  t h e  crashes  themselves a l s o  were severe .  





Washtenaw County po l i ce  mass accident  d a t a ,  i n  conjunction 

w i t h  t he  CPIR d a t a ,  i n d i c a t e s  t h a t  hood-windshield pene t ra t ion  

may r e s u l t  i n  about 0.8% of repor ted acc iden t s ,  based on the  
* 

repor t ing  c r i t e r i o n  presen t ly  i n  force  i n  t h e  S t a t e  of Michigan. 

A s i g n i f i c a n t  inc rease  i n  hood-windshield contact  has been 

noted and assoc ia ted  w i t h  the  in t roduc t ion  of the  so-cal led  "hidden 

wiper" hoods. However, t he re  has been no accompanying no t icab le  

increase  i n  hood-windshield pene t r a t i on .  An inc rease  i n  pene t ra t ion  

assoc ia ted  w i t h  e a r l y  GM models is  s t a t i s t i c a l l y  s i g n i f i c a n t  b u t  

may be the  r e s u l t  of a  b i a s  r e s u l t i n g  from accident  case s e l e c t i o n  

i n  t h a t  time period (1969).  I t  a l s o  appears t h a t  hood-windshield 

pene t r a t i on  and se r ious  i n j u r i e s  do not occur i n  p r a c t i c e  a t  

b a r r i e r  equivalent  speeds of l e s s  than 30 miles per  hour. The 

accident  i n  case s t u d y  AA 330 would a l s o  support t h i s  f i nd ing ,  

although the  s t ruck  b a r r i e r  i n  t h i s  case s t u d y  was the  t ruck bed 

overhang. 

We bel ieve t h a t  hood design and hood performance during 

crashes  mer i t s  f u r t h e r  s tudy,  w i t h  the  ob j ec t i ve  of reducing the  

incidence of hood-windshield contact  and/or pene t ra t ion .  A sug- 

ges ted l i n e  of i nves t i ga t i on  i s  the adoption of a  f r ang ib l e  design 

f o r  hoods o r  the  use of f r ang ib l e  o r  y ie ld ing  ma te r i a l s  i n  hood 

cons t ruc t ion .  T h i s ,  i t  appears ,  i t  a  cur ren t  design p r a c t i c e  of 

some veh ic le  manufacturers.  

* 
( A t  l e a s t  one i n j u r y  and/or more than $200 property 
damage i n  t he  a c c i d e n t ) .  



APPENDIX A 

A STATISTICAL DESCRIPTION OF LARGE AND SMALL 

CAR INVOLVEMENT I N  ACCIDENTS* 

* 
P r e s e n t e d  a t  t h e  A u t o m o t i v e  S a f e t y  S e m i n a r ,  J u n e  20-21, 1973 
a t  t h e  GM T r a i n i n g  C e n t e r ,  W a r r e n ,  M i c h i g a n  
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INTRODUCTION 

In vehicular c rashes ,  unrestrained occupants move a t  the 

veh ic le ' s  speed pr ior  t o  the event .  This o f t en  r e s u l t s  i n  a 

"second c o l l i s i o n u  between the occupant and the vehicle  

i n t e r i o r  . Injury sever i ty  is determined primarily by the force 

of the i n t e r i o r  impact. Col l i s ions  between vehicles  follow the 

law of conservation of momentum. Hence, for  vehicles  of 

d iss imi lar  weights, the l i g h t e r  vehicle  sus ta ins  the m.ore abrupt 

change of speed. T h i s  r e l a t ionsh ip  which i s  i n t u i t i v e l y  understood 

by even the most casual  observer of the accident process,  arouses 

concern for  small car sa fe ty  i n  our present vehicle  population. 

Furthermore, the comparatively smaller i n t e r i o r  volume of small 

c a r s  l i m i t s  the  dis tance i n  which passengers sus ta in  the 

dece lera t ion  forces  i n  a  c rash .  

An examination of e f f e c t s  on s a f e t y  of a changing vehicle  

s i z e  population is timely because of current  pressures for  

change. Cost has long been a  f ac to r  i n  s i z e  s e l e c t i o n ,  b u t  

more recent ly considerat  ions of f u e l  consumption and main- 

tenance seem t o  be influencing buyer dec is ions .  The trend is 

toward personal ra ther  than family c a r s ,  the youth market, the 

s c a r c i t y  of parking space,  and the eas ie r  handling i n  t r a f f i c  a l l  

promote i n t e r e s t  i n  the small c a r .  

Many previous s tud ies  have considered the d i f ferences  between 

small and la rge  vehicle  i n  crashes.  These have included con- 

t r o l l e d  crashes between d i s s imi la r  s ized  veh ic les ,  ( 1 , 2 7 3 ) a n a l y s i s  



through mechanical models, ( ) i n d  i v  i d u a  l acc i dctl t case  i n -  

v e s t  iga t ions ( f i . 7 , 8 )  and examinations of mass or  pol ice  l e v e l  

acc ident  d a t a .  (" lo' 11'12* 13' 14' 15) pas t  accident  data o f t e n  does 

not  accu ra t e ly  de f ine  j u s t  what c o n s t i t u t e s  a  t t smal l  c a r T T ,  or  

f u l l y  descr ibe  the  exposed veh i c l e  populat ion i n  terms of s i z e ,  

In gene ra l ,  however, these  s t u d i e s  support  the  i n t u i t i v e  

conclusions discussed e a r l i e r !  t h a t  the  r i s k  of in ju ry  f o r  smal ler  

ca r  occupants is g r e a t e r ,  t h a t  smal l  c a r s  a r e  overrepresented 

i n  s i n g l e  veh i c l e  acc iden t s ,  t h a t  they a r e  dr iven by younger 

d r i v e r s ,  and t h a t  they con ta in  comparatively fewer occupants.  

The present  s tudy is based on a v a r i e t y  of da ta  sources ,  

and i n  general  confirms the  above conclus ions .  I t  a l s o  a t tempts  

t o  quan t i fy  the  r i s k  of in ju ry  t o  occupants of smal l  and l a r g e  

c a r s  i n  var ious  acc iden t  con f igu ra t i ons ,  and t o  thus  p red i c t  

i n ju ry  r a t e s  a s  a  func t ion  of change in  the  size-mix of t he  

veh i c l e  popula t ion.  

Washtenaw County, Michigan r ep re sen t s  the  primarly da t a  

sources  used fo r  t h i s  s t udy .  Data include a  d i g i t a l  f i l e  of 

po l i ce  accident  repor t s*  augmented w i t h  veh i c l e  l i c e n s i n g  

weight information (der ived from the  Michigan Secre ta ry  of S t a t e  

*This f i l e  is a  subse t  of the  f i l e  of Washtenaw County 
acc iden ts  maintained by HSRI, and con ta ins  16,360 passenger 
c a r s  i n  a cc iden t s  dur ing the  period 1968-1870. 



r e g i s t r a t i o n  r e c o r d s ) ,  a  sample of d r i v e r  records*  f o r  t h i s  

c o u n t y ,  and a  sample of v e h i c l e  r e g i s t r a t i o n * *  r e c o r d s  f o r  t h e  

same a r e a .  

Accident  d a t a  was used t o  de termine  g e n e r a l  c h a r a c t e r i s t i c s  

of t h e  c a r s ,  t h e i r  d r i v e r s .  and t o  examine v a r i o u s  k inds  of 

two-vehicle  i n t e r a c t  i o n s .  I n j u r y  informat ion  was based on t h e  

p o l i c e  coding sys tem.  For t h i s  s t u d y ,  t h i s  d a t a  has been reduced 

t o  two l e v e l s  ( i n , j u r e d  o r  not i n j u r e d ) .  The v e h i c l e  r e g i s t r a t i o n  

f i l e  was used t o  de termine  v e h i c l e  weight d i s t r i b u t i o n  i n  t h e  

g e n e r a l  popu la t ion  by model y e a r .  The d r i v e r  r e c o r d  f i l e  was 

used t o  de termine  d r i v e r s  by a g e ,  s e x ,  and a c c i d e n t  r a t e .  

Two o t h e r  d a t a  f i l e s  were u t i l i z e d , - - t h e  CPIR-3 a c c i d e n t  

d a t a  f i l e , * * *  and Na t iona l  Exposure F i l e  . * * **  These provided 

in fo rmat ion  r e l a t i n g  t o  r e s t r a i n t  system usage ,  annual  mi leage ,  

and occupancy (by c a r  s i z e ) .  

- 
*This is a 10% sample (17,989 d r i v e r s )  of  d r i v e r s  l i c e n s e d  i n  

Washtenaw County, and c o n t a i n s  in fo rmat ion  on t h e i r  v i o l a t i o n  
and a c c i d e n t  e x p e r i e n c e .  

**This is a  10% sample (11,255 v e h i c l e s )  of v e h i c l e s  r e g i s t e r e d  
i n  1972 i n  Washtenaw County, and c o n t a i n s  in fo rmat ion  on make, 
model, and weight .  

***This is a  f i l e  o f  d e t a i l e d  a c c i d e n t  in fo rmat ion  r e s u l t i n g  
(16) from MVMA and NHTSA sponsored  a c c i d e n t  i n v e s t i g a t i o n  programs. 

I t  c u r r e n t l y  c o n t a i n s  d e t a i l e d  in fo rmat ion  on 3 ,500  v e h i c l e s  
involved i n  a c c i d e n t s .  

****This f i l e  is t h e  r e s u l t  of an exposure su rvey  conducted i n  
1970 i n  18  s t a t e s  and is concerned w i t h  d r i v i n g  mi leage  re-- 
p o r t e d  by t h o s e  i n t e r v i e w e d .  (I7) Comparisons of  p e r s o n a l  
c h a r a c t e r i s t i c s ,  v e h i c l e  t y p e s ,  and mileage a r e  a v a i l a b l e .  



These  d a t a  h a v e  been  d e v e l o p e d  i n  p a r t  w i t h  t h e  s u p p o r t  

o f  t h e  Motor V e h i c l e  M a n u f n c t u r e r s  A s s o c i a t i o l l  and w i t h i n  the 

T r i - L e v e l  A c c i d e n t  I n v e s t i g a t i o n  S t u d y  Program* s p o n s o r e d  by 

t h e  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 .  T h i s  

p a p e r  is t h e  r e s u l t  o f  a n  a n a l y s i s  o f  t h e s e  d a t a  u n d e r  t h e  

l a t t e r  p rogram.  

* C o n t r a c t  number DOT-HS-031-2-454. 



VEHICLE POPULATION CHARACTERISTICS 

The p r o l i f e r a t i o n  of s m a l l e r  c a r s  over  t h e  p a s t  few y e a r s ,  

p a r t i c u l a r l y  i n  t h e  2000-5000 pound range!  has  been e v i d e n t  t o  

even t h e  c a s u a l  o b s e r v e r .  I n  1969 approximate ly  8% of t h e  

v e h i c l e s  on t h e  road  i n  t h e  U.S. weighed l e s s  than  2500 l b s .  

I n  1972 t h i s  had r i s e n  t o  13%.*  

T h i s  change is r e f l e c t e d  i n  t h e  Washtenaw County c a r  

p o p u l a t i o n  a s  shown i n  f i g u r e  1. The 1967-68 model year  v e h i c l e s  

( i n  1972) a r e  shown a s  a  d o t t e d  l i n e .  Note pa r t i cu la r1 .y  t h e  peak 

a t  abou t  1700 pounds, and then  t h e  broad t r i p l e  peak c e n t e r e d  

a t  abou t  3700 pounds, In  t h e  1971-72 model year  i n  t h e  same 

p o p u l a t i o n  two changes a r e  a p p a r e n t .  The s m a l l  c a r  weight  peak 

s h i f t e d  s u b s t a n t i a l l y ,  f i l l i n g  i n  t h e  void  i n  t h e  2000--2500 pound 

r a n g e ,  and t h e  l a r g e  c a r  peak moved t o  t h e  r i g h t  i n d i c a t i n g  a  

s m a i l e r  , but  s t i l l  i n c r e a s i n g  change i n  we igh t .  

Mean weight  of t h e  r e g i s t e r e d  v e h i c l e  popu la t ion  i n  1972 is 

p l o t t e d  by model year  i n  F i g u r e  2 ,  w i t h  a  s t e a d y  i n c r e a s e  n o t e d ,  

a l t h o u g h  t h e r e  was a  s l i g h t  d i p  c o i n c i d i n g  w i t h  t h e  massive 

i n t r o d u c t i o n  of s m a l l  American c a r s  i n  1970-71. 

The r e l a t i v e l y  l a r g e  change i n  mean weight  of a  model year  

is r e f l e c t e d  s lowly  i n  t h e  a c c i d e n t  y e a r .  F i g u r e  3 shows 

h is tograms of t h e  weights  of v e h i c l e s  i n  a c c i d e n t s  i n  Washtenaw 

County d u r i n g  t h e  c a l e n d a r  y e a r s  1969 and 1970, which a r e  

* A s  t a b u l a t e d  i n  Automotive News y e a r l y  almanac,  w i t h  quoted 
s o u r c e  t h e  R . L .  Po lk  Co, 









s u b s t a n t i a l l y  i d e n t i c a l .  B u t  ovelc a span of s e v e r a l  years  i t  

can be expec tcd t h a t  t h e r e  w i l l  be a  c o n t i n u i n g  sllif t towartl 

the  1971-72 d i s t r i b u t i o n  of F i g u r e  1, t h a t  i s ,  proceeding from 

a  s o r t  of bimodal d i s t r i b u t i o n  t o  a  more rec tangula r  o r  uniform 

d i s t r i b u t i o n .  

In t h i s  s tudy  we have somewhat a r b i t r a r i l y  def ined smal l  

c a r s  a s  those  c a r s  w i t h  a  l i c e n s i n g  weight of 3100 pounds or  

l e s s ,  and l a r g e  c a r s  those  w i t h  a  l i c e n s i n g  weight of 3300 pounds 

o r  g r e a t e r .  The 200 pound range i n  t he  middle of t he  d i s t r i b u t i o n  

of F igure  4 ,  t hen ,  has been d i s ca rded ,  The use of weight da ta  

r a t h e r  than body s t y l e  or  s i z e  was chosen because of some lack 

of p r ec i s ion  i n  the  l a t t e r ,  The CPIK-3 acc iden t  da t a  f i l e  records  

both weight and body s i z e  (u s ing  the  usual  manufacturer ' s  

d e s c r i p t o r s ) ,  w i t h  t h e  r e l a t i o n s h i p  between the  two i l l u s t r a t e d  

i n  F igure  5 .  Note t h a t  t he  heav ie s t  mini-car ,  and the  l i g h t e s t  

f u l l - s i z e  c a r ,  ove r l ap  i n  weight ,  a s  do a l l  of the  o the r  

c a t e g o r i e s .  Small c a r s ,  a s  we have def ined them f o r  t h i s  s t udy ,  

include e s s e n t i a l l y  a l l  of the  mini-cars ,  near ly  a11 o~f t h e  

compacts, and the  l i g h t e r  hal f  of t he  in te rmedia tes .  The l a r g e  

c a r  group includes  t he  remaining hal f  of the  i n t e rmed ia t e s ,  and 

a l l  f u l l - s i z e  v e h i c l e s .  
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INJURY FREQUENCY CHARACTEHISTTCS 

A g r ea t e r  number of i n j u r i e s  i n  acc iden ts  involving small  

c a r s  is evident  in  most accident  conf igura t ions .  In the  f i r s t  

column of Figure 6 the  percent  of involved c a r s  is pic tured 

in  which t he re  was a t  l e a s t  one in,jury when a  small  car  ( a s  

previously  defined) c o l l i d e d  w i t h  another small  c a r ,  o r ,  i n  the 

one ca se ,  when a  smal l  car  was involved in  a  s i n g l e  veh ic le  

c o l l i s i o n .  The second column ind i ca t e s  the  percentage in jury  

involvements fo r  small  c a r s  which have i n t e r ac t ed  with a l a rge  

c a r .  The t h i r d  column conversely is where l a rge  c a r s  have 

i n t e r a c t e d  w i t h  a  small  c a r ,  and the  four th  denotes large-  

l a rge  i n t e r a c t i o n s .  Head-on c o l l i s i o n s  involving small  c a r s  a r e  

most i n j u r i o u s ,  a s  might be expected,  but they fo r tuna t e ly  

represen t  only about 5% of t he  involved populat ion,  

In Figure 7 the  data  a r e  regrouped t o  i l l u s t r a t e  the  re-  

l a t i v e  in ju ry  d i f f e r ences  fo r  c e r t a i n  c o l l i s i o n  types .  In  

s i n g l e  veh ic le  acc iden t s ,  small  ca r  occupants a r e  more l i k e l y  

t o  incur an i n ju ry .  In smal l - large  c o l l i s i o n s ,  i t  is c l e a r  t h a t  

small  ca r  occupants s u s t a i n  more i n j u r i e s .  T h i s  is t r u e  a l s o  f o r  

a l l  two car  c o l l i s i o n s ,  though w i t h  l e s s  o v e r a l l  r i s k  of i n ju ry .  

R e s t r i c t i n g  the  data  t o  i n t e r a c t i o n s  between only c a r s  of l i k e  

s i z e ,  however, i nd i ca t e s  l i t t l e  d i f f e r ence  fo r  two car  c o l l i s i o n s .  

Following t h i s  idea l e t  u s  hypothesize a United S t a t e s  w i t h  

a l l  smal l  c a r s  e a s t  of t h e  M i s s i s s i p p i  and a l l  l a rge  c a r s  west of 

i t .  For two-vehicle c o l l i s i o n s ,  the number of acc iden ts  with 

13 



Percent Of Cars In Which There Was A Minimum Of One Injury 
For Different Accident Types And Car w h t  Combindons 

( Washtenaw County Accident File) 
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i n j u r i e s  would be about the same. There would, however, be 

more injury accidents i n  the eas tern  half of the c m n t r y  as  the 

r e s u l t  of s ing le  vehicle crashes.  To be more s p e c i f i c ,  there 

would be about 50 more injury accidents  per 10,000 reported 

accidents  i n  the e a s t ,  than i n  the west. The number of in , jur ies ,  

however, would be somewhat higher.  

Figure 8  displays two curves r e l a t i n g  injury t o  vehicle weight 

The lower one shows the percentage of involvements wit,kl a t  l e a s t  

one injury i n  the s tudied population, and the upper curve shows 

the number of persons injured per hundred involvements by the 

weight of the involved vehic le .  These curves a r e ,  of course,  the 

r e s u l t  of a l l  the kinds of accidents  i n  which the indicated 

vehicle  by weight was involved, Note t h a t  the number of i n j u r i e s  

per involvement r i s e s  a s  the weight of the vehicle  decreases,  

i . e . ,  i t  is more l i k e l y  tha t  more than one person i n  the vehicle  

w i l l  be injured given a  small car involvement. Comparing the 

two curves a t  a  point designating s m a l l  cars  (2500 pounds) gives 

a  r a t i o  of 1 .31 ,  and a t  la rge  ca r s  (3750 pounds) a  r a t i o  of 1 .15 .  

The number of i n j u r i e s  per accident involvement a s  a  function 

of vehicle  weight may be expressed i n  equation form from the data 

which generated the upper curve of Figure 8 .  In order t o  provide 

a  good f i t  t o  the non-linear portion of the curve,  an equation 

t o  the second order is given: 

-8 2  N= 10 W - 1.32 x ~ o - ~ w  + ,642  

where N=the number of i n j u r i e s  per accident involvement 

W=the weight of the  involved vehicle  i n  pounds, 





RELEVANT CONSIDERATIONS 

The r i s k  of injury i n  a  small vehicle  is influenced by 

many other f a c t o r s ,  In genera l ,  small c a r s  a re  operated by 

younger d r ive r s  who may dr ive  f a s t e r  b u t  a re  l e s s  prone t o  

in,jury.  The average age of d r ive r s  i n  2000 pound ca r s  i n  t h i s  

population is 26 years;  for  3800 pound ca r s  35 years .  Younger d r i v e r s ,  

a t  l e a s t  those below 25 years of age,  a re  involved more frequent ly 

i n  accidents  and a r e  more of ten  c i t e d  for  v io la t ions  than t h e i r  

older  counterpar ts .  None of these f a c t o r s ,  however, s a t i s f a c t o r i l y  

explains the increase i n  the number of persons injured per 

involvement fo r  s m a l l  c a r s .  

Vehicle occupancy shown i n  Figure 9 is based on data from 

the CPIR-3 f i l e ,  i n  which s e a t  occupancy information is 

accurately reported.  The average number of occupants i n  smaller 

ca r s  is s l i g h t l y  lower t h a n  i n  l a rge  c a r s ,  suggesting t h a t  the  

increase i n  the number of in , jur ies  incurred i n  small ca r s  is not 

due t o  more people being i n  these c a r s .  

Might l e s s  use of r e s t r a i n t s  i n  smaller ca r s  account for  

the d i f ference?  From the same source (CPIR-3 f i l e )  , the 

percent of bel ted d r ive r s  (by weight of vehicle)  is indicated 

i n  Figure 10. We see  there  is a  pronounced and unexplainable 

d ip  i n  the center  of t h i s  d i s t r i b u t i o n ,  however, there  is l i t t l e  

d i f f e rence  i n  the use of r e s t r a i n t s  by the la rge  and small 

groups defined i n  t h i s  s tudy.  







One m u s t  conclude t h a t  t he  increase  i n  i n j u r i e s  is most 

probably a r e s u l t  of c a r  weight and p ro t ec t i on  o f f e r ed  by 

i n t e r i o r  s i z e  r a t h e r  than from these  o ther  f a c t o r s .  



F I N D I N G S  AND C O N C L U S I O N S  

T h i s  s tudy has a t tempted t o  desc r ibe  t he  frequency of i n -  

ju ry  t o  passenger c a r  occupants a s  a  func t ion  of ca r  weight and 

acc iden t  con f igu ra t i on .  Data r e l evan t  t o  t h i s  s u b j e c t  has been 

presented i n  the  framework of a  changing d i s t r i b u t i o n  of weight 

f o r  t he  passenger veh i c l e  popula t ion .  

There has been a  s u b s t a n t i a l  inc rease  i n  l ighter-weight  

passenger c a r s  e n t e r i n g  t he  t o t a l  o v e r a l l  v e h i c l e  popula t ion 

t he se  pas t  t h r e e  yea r s .  General ly t he  increase  has been i n  t he  

2000 t o  2500 pound range.  A t  t he  same t ime,  however, t he  average 

weight of a l l  passenger c a r s  has s l i g h t l y  increased ,  except  f o r  

t h e  years  1970-71 in  which t h e r e  was a s l i g h t  decrease .  

Average weight of t he  v e h i c l e  popula t ion a t  r i s k ,  a s  

evidenced by the  weights of c a r s  involved i n  c o l l i s i o n s ,  changes 

by few pounds i n  a  s i n g l e  year .  While t h e r e  is  l i t t l e  change in  

t h i s  average,  i t  is a l s o  c l e a r  t h a t  t h e  d i s t r i b u t i o n  o:P veh i c l e  

w e i g h t  o v e r a l l  is changing.  The void which has e x i s t e d  i n  

2000-2500 pound range (Figure  1) is des t i ned  t o  d i s appea r .  

When a  new ca r  e n t e r s  this populat ion i t  has some chance 

of being involved i n  an a c c i d e n t ,  a  chance not h ighly  r e l a t e d  

t o  i ts weight .  However, once i n  an a c c i d e n t ,  t he  chance of 

i n ju ry  i n  t h i s  c a r  inc reases  a t  t he  r a t e  of about 2 .5% f o r  

each decrease  of 100 pounds i n  v e h i c l e  weight .  



An es t ima te  has been presented f o r  a  s i t u a t i o n  in  which 

a l l  c a r s  in  the  veh i c l e  populat ion were e i t h e r  small  o r  l a r g e .  

I n  each such s i t u a t i o n  two-vehicle c o l l i s i o n s  could only occur 

be tween s i m i l a r  s i zed  v e l ~  i c l e s  . IIowevel', t:he small  veh i c l e  

popula t ion would be l e s s  s a f e  because of increased i n ju ry  

occur r ing  i n  s i n g l e  veh i c l e  a c c i d e n t s .  Furthermore, smal l  

c a r s  ( i n  the  popula t ion s tud i ed  here)  a r e  overrepresented i n  

s i n g l e  veh i c l e  acc iden t s ,  why  is not f u l l y  known, perhaps because 

of t h e i r  d r i v e r s ,  o r  perhaps because of s t a b i l i t y ,  handling o r  con t ro l  

c h a r a c t e r i s t i c s  . o r  a  combination of the  two. I f  i t  is the  l a t t e r ,  

one might expect  the  frequency of i n ju ry  t o  f u r t h e r  increase  

even wi th in  t he  smal l  veh i c l e  popula t ion.  

The change i n  t he  propor t ion of small  c a r s  i n  t he  veh i c l e  

popula t ion is cont inuing concur ren t ly  w i t h  many o ther  changes 

i n  the  t r a f f i c  system. There a r e  more c a r s  on the  road each 

yea r ;  a l l  c a r s  a r e  becoming heavier  a t  t he  same time t h a t  more 

smal l  c a r s  en t e r  t he  system; the  c h a r a c t e r i s t i c s  of t he  d r i v e r s  

of c a r s  of d i f f e r e n t  weights a l s o  change; a t  the  same time many 

in ju ry  and acc iden t  countermeasures a r e  being implemented. The 

t o t a l  e f f e c t  of such changes is observable  i n  acc iden t  and in ju ry  

s t a t i s t i c s  f o r  the  na t i on ,  but ind iv idua l  e f f e c t s  must be 

es t imated  by ana lyses  such a s  presented here ,  and by t h e o r e t i c a l  

ex tens ions  of what can be observed i n  the  d a t a .  

I t  is c l e a r  t h a t  t he  i nd iv idua l  automobile owner is s a f e r  

(by 24% per hundred pounds of veh i c l e  weight) i f  he d r i v e s  a 

l a r g e r  c a r .  I t  is a l s o  c l e a r  t h a t  a  s u b s t a n t i a l  inc rease  i n  the  

propor t ion of smal l  c a r s  w i l l  l ead  t o  a  g r e a t e r  number of 

injuries--even though the  number of acc iden t s  may remain cons t an t .  

I t  is es t imated  t h a t  an increase  of approximately 1% i n  the  
23 



number of i n j u r i e s  in 1972 over 1969 could he a t t r i b u t e d  t o  

the  change i n  ca r  weight d i s t r i b u t i o n  occurr ing over t h a t  per iod .  

The pressures  toward smal ler  c a r s  seem l i k e l y  t o  continue-- 

c o s t ,  f u e l  a v a i l a b i l i t y ,  s o c i a l  d e s i r e ,  parking and handling,  

more second and t h i r d  c a r s  per family ,  a r e  a l l  l i k e l y  t o  

increase  the  proport ion of small  c a r s  on the  road.  In a  time period 

when the re  is an a l l  out  e f f o r t  t o  reduce i n , j u r i e s  assoc ia ted  w i t h  

t r a f f i c  crashes  t h i s  would seem t o  be a  change somewhat det r imental  

t o  o v e r a l l  s a f e t y .  I t  is of i n t e r e s t  t o  ask what f u t u r e  s a f e t y  

research  needs might stem from t h i s  change in  the  vehi 'cle 

popula t ion.  

The increase  of i n j u r i e s  i n  s i n g l e  veh i c l e  crashes  a s soc i a t ed  

w i t h  small  c a r s  may be a t t r i b u t e d  i n  pa r t  t o  the  environment. 

Guardra i l s ,  o r  impact a t t e n u a t i o n  b a r r i e r s  designed fo r  a  3500 

pound ca r  sometimes provide a harsh c o l l i s i o n  f o r  t he  smaller  c a r .  

There a r e ,  however, some cu r r en t  e f f o r t s  t o  provide f o r  the  

smal ler  c a r .  Some examples a r e  the  s taged  sand-barrel  b a r r i e r s  

18 
descr ibed by Viner,  and the  l e f t  s i d e  no-passing pennants a t  

the  beginning of no pass ing zones t o  compensate f o r  the  narrower 

v i s i o n  and s h o r t e r  s i g h t  d i s t ance  i n  smal l  c a r s .  

I n t e r i o r  p ro t ec t i on  i n  a l l  c a r s  is important ,  but needs 

s p e c i a l  a t t e n t i o n  in  smal ler  c a r s  i f  we a r e  t o  reduce t h i s  

g r ea t e r  r i s k  of in,jury by 2& per hundred pounds of veh i c l e  

weight .  Some people have suggested t h a t  l a r g e r  c a r s  should be 

designed t o  be more "forgiving"  in  c o l l i s i o n s  w i t h  small  c a r s ,  19 

C e r t a i n l y ,  occupants of smal ler  c a r s  should be made t o  r e a l i z e  



t h e i r  s a f e t y  pos i t i on  r e l a t i v e  t o  o ther  veh i c l e s  on the  highway, 

and should be encouraged t o  wear t h e i r  a v a i l a b l e  r e s t r a i n t s .  

If a  t a r g e t  group most appl,opr,iate fol. s t rong  arguments i n  f'avois 

of b e l t s  is sought ,  small  c a r  occupants a r e  t h a t  group. 

I t  is not c l e a r  from data  presented here ,  or  elsewhere,  

why smal l  c a r s  a r e  overrepresented i n  s i n g l e  veh i c l e  acc iden t s .  

I t  has been suggested t h a t  smal l  veh i c l e s  r o l l  over more e a s i l y ,  

and t h a t  t h e i r  d r i v e r s  a r e  l e s s  a b l e  t o  cope w i t h  the  id iosyncrac ies  

of t he  v e h i c l e s ;  a l t e r n a t i v e l y  many smal l  c a r s  a r e  pra ised f o r  

t h e i r  handling c a p a b i l i t y ,  and t h e i r  d r i v e r s  a r e  noted f o r  t h e i r  

youth and f a s t  r e a c t i o n s ,  a s  wel l  a s  perhaps t ak ing  g rea t e r  r i s k s .  

A f u l l e r  understanding of these  phenomena would seem t o  be 

needed i n  cons ide ra t i on  of performance and handling s tandards  

f o r  smal l  c a r s .  

F i n a l l y ,  i t  should be noted t h a t  data  presented here a r e  not 

a s  cu r r en t  a s  we would l i k e .  That is ,  they include few of the 

modern American smal l  c a r s  which introduced in  1970. Data w i l l  

be a v a i l a b l e  i n  t he  near f u t u r e  f o r  l a t e r  years  of acc iden t  

exper ience.  W i t h  t h i s ,  the  r e l a t i v e  s a f e t y  of t he  American 

2000-2500 pound veh ic l e  can be more accu ra t e ly  a s se s sed .  

Hopefully,  t h e i r  r e l a t i v e  s a f e t y  w i l l  be b e t t e r  than pred ic ted  

by t he  model presented here .  
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