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1 . INTRODUCTION 

Th is  r e p o r t  descr ibes  a  s tudy  designed t o  develop a  

methodology f o r  de te rm in ing  t h e  r o l e  o f  v e h i c l e  h a n d l i n g  i n  

acc iden t  causa t i on .  The methodology developed i n  t h e  s tudy  has 

t h r e e  p a r t s :  

1. Data d e f i n i t i o n ,  c o l l e c t i o n ,  and a n a l y s i s  

2 .  Indepth  acc iden t  r e c o n s t r u c t i o n  

3, Acc ident  avoidance a n a l y s i s  

The f i r s t  p a r t  dea l s  w i t h  methods f o r  uncover ing s t a t i s t i c a l  l i n k s  

between v e h i c l e  handl i n g  performance and acc iden t  exper ience.  

The second p a r t  c o n s i s t s  o f  d e t a i l e d  methods f o r  r e c o n s t r u c t i n g  

t h e  pre-c rash phase o f  t h e  accident-the phase i n  which v e h i c l e  

hand l i ng  f a c t o r s  a r e  most impor tan t .  The t h i r d  p a r t  o f  t h e  

methodology c o n s i s t s  o f  methods o f  d e f i n i n g  the  i n f l u e n c e  o f  

s p e c i f i c  v e h i c l e  handl i n g  c h a r a c t e r i s t i c s  on a c c i d e n t  avoidance 

p e r f  orrnance. 
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2. A PERSPECTIVE 

Some m a i n t a i n  t h a t  research  i n t o  v e h i c l e  handl i n g  as a  

c a u s a t i v e  f a c t o r  i n  a c c i d e n t s  i s  i n f e a s i b l e .  They argue t h a t  

even i f  v e h i c l e  h a n d l i n g  f a c t o r s  c o n t r i b u t e  t o  a c c i d e n t s ,  t h e  

c o n t r i b u t i o n  i s  i m p o s s i b l e  t o  i s o l a t e ,  and t h e r e f o r e  such research  

i s  p o i n t l e s s .  The s tudy  f i n d i n g s  d iscussed i n  t h i s  r e p o r t  do n o t  

suppor t  t h a t  c o n t e n t i o n ,  b u t  they  do p o i n t  o u t  how d i f f i c u l t  i t  

i s  t o  i s o l a t e  " v e h i c l e  h a n d l i n g "  f a c t o r s  f rom o t h e r  f a c t o r s  i n  

a c c i d e n t  causa t ion .  A r e s e a r c h  e f f o r t  o f  t h e  scope necessary t o  

produce d e f i n i t i v e  conc lus ions  would r e q u i r e  expend i tu res  o f  t i m e  

and funds much g r e a t e r  than  those expended i n  any p r e v i o u s  e f f o r t  

i n  a c c i d e n t  da ta  a n a l y s i s .  N o t  o n l y  would more and b e t t e r  a c c i d e n t  

d a t a  be r e q u i r e d ,  b u t  da ta  r e l a t i n g  t o  ( 1 )  v e h i c l e  a c c i d e n t - r i s k  

exposure, ( 2 )  v e h i c l e  handl i n g  performance, and ( 3 )  v e h i c l e  use 

p a t t e r n s  would a l s o  be r e q u i r e d .  F u r t h e r ,  i n  each case, t h e  

amount, accuracy,  and d e t a i l  o f  t h e  r e q u i r e d  data  would have t o  be 

an o r d e r  o f  magnitude g r e a t e r  than  da ta  now a v a i l a b l e .  

The d i f f i c u l t y  o f  t h e  research task  i s  p a r t l y  e v i d e n t  i n  

t h e  l i m i t a t i o n s  o f  e x i s t i n g  research  f i n d i n g s .  There i s  much 

evidence t o  suggest  t h a t  i f  a c c i d e n t  r a t e s  a r e  cons ide red  a lone  

( w i t h o u t  c o n s i d e r i n g  confound ing i n f l u e n c e s )  , v e h i c l e s  t h a t  a r e  

cons idered t o  be t h e  " b e s t  h a n d l i n g "  a r e  t h e  v e r y  ones t h a t  have 

t h e  h i g h e s t  a c c i d e n t  r a t e s .  Those f i n d i n g s ,  o f  course,  cannot  be 

taken  a t  f a c e  va lue ,  s i n c e  i t  i s  s t r o n g l y  suspected t h a t  persons 

who d r i v e  t h e  " b e t t e r  h a n d l i n g "  v e h i c l e s  a r e  a l s o  t h o s e  who a r e  

more 1 i k e l y  t o  d r i v e  more a g g r e s s i v e l y  than o t h e r  d r i v e r s .  

D r i v i n g  aggress iveness i s  j u s t  one o f  t h e  confound ing 

f a c t o r s  t h a t  must be accounted f o r .  Among o t h e r  f a c t o r s  t h e r e  

i s  t h e  exposure t o  a c c i d e n t  r i s k  posed b y  t h e  environment w i t h i n  

which t h e  v e h i c l e  i s  d r i v e n ,  t h e  manner i n  wh ich t h e  v e h i c l e  i s  

main ta ined,  and t h e  " h a n d l i n g  performance" c h a r a c t e r i s t i c s  o f  t h e  



driver/vehicl e  system in an accident-avoidance maneuver. Without 

exception, adequate information has not been avai lable  in  pre- 

vious research e f f o r t s  i n  the  amount, d e t a i l ,  a n d  accuracy 

necessary f o r  deriving s t a t i s t i c a l l y  defensible conclusions. As 

the l i t e r a t u r e  review in the  f u l l  repor t  shows, many fragmentary 

"conc~usions"  reported in  past  research e f f o r t s  a r e  1 i t t l  e  more 

t h a n  conjured hypotheses. Results from even some of the best and 

most careful ly  conducted s tudies  have been contradictory.  

The methodology out1 ined here - can be used t o  determine the 

ro le  of vehicle hand1 ing in  accident causat ion.  However, nothing 

shor t  of a major e f f o r t  wi l l  produce val id conclusions. A pa r t i a l  

e f f o r t ,  a s  a l l  past e f f o r t s  have been, would again produce pa r t i a l  

and questionable r e s u l t s .  



3. DEFINITIONS 

There has been l i t t l e  agreement among researchers as t o  
a defini t ion of the term "vehicle handling." The most narrow 

definit ion l imi ts  the term to the la tera l  response character- 

i s t i c s  of a vehicle, i . e . ,  cornering performance. A wider defini-  

tion of vehicle handling, b u t  one s t i l l  r e s t r i c ted  t o  the vehicle, 

would incl ude longitudinal as we1 1 as l a te ra l  response character- 

i s t i c s ,  i . e . ,  braking a n d  acceleration as well as cornering. 

A yet  wider def in i t ion would include the interaction of  the 

driver and vehicle in jo int ly  producing longitudinal and la tera l  

control motions. The control actions of the driver represent the 

primary area of d i rect  interaction between the driver and vehicle, 

and hence influence "vehicle handling" performance. The control 

actions a re  short-term, high-frequency ac t i v i t i e s  the driver per- 

forms to  avoid obstacles, augment directional  s tabi l  i t y ,  keep in 

a lane,  e t c .  The driver performs these control actions by mani- 

pulating the steering wheel, accelerator pedal , and brake pedal. 

His performance i s  limited by his  reactions,  his  strengths,  his 

re la t ive  " f i t "  with the work space and controls ,  and ultimately by 

the motions of the vehicle i t s e l f .  A vehicle tha t  corners a t  0 .9  g 

b u t  does n o t  provide means fo r  the driver to  stay fixed re la t ive  to 

his controls i s  n o t  a  good handling vehicle, regardless of i t s  

"mechanical " cornering character is t ics .  Similarly,  a  vehicle that  

requires an inordinate amount of brake pedal force i s  not a good 

handling vehicle. T h u s ,  i t  i s  evident tha t  any def in i t ion of 

vehicle handl ing must include the d r i ve r ' s  control tasks as well 
as the vehicle i t s e l f .  

A s t i l l  broader and more appropriate def in i t ion of vehicle 

handl i  ng  i  ncl udes considerations of the road surface. A1  1  forces 

acting on a vehicle, other than aerodynamic forces ,  must a r i s e  a t  
the tire-road interface.  The f r i c t i on  couple a t  the interface 

effect ively  l imi ts  the maximum force levels  that  can be appl ied 



d u r i n g  an acc iden t -avo idance  maneuver. Thus, t h e  sough t - a f t e r  

d e f i n i t i o n  takes  t h e  f o l l o w i n g  form: 

V e h i c l e  Hand l i ng :  The l a t e r a l  and l o n g i t u d i n a l  m o t i o n  

c h a r a c t e r i s t i c s  o f  t h e  driver/vehicle/road-surface 

system i n  response t o  sho r t - te rm,  h i  gh- f requency c o n t r o l  

i n p u t s .  

Given t h a t  d e f i n i t i o n  o f  v e h i c l e  hand l i ng ,  a  v e h i c l e  h a n d l i n g  

a c c i d e n t  i s  one where in  a  d e f i c i e n c y  i n  t h e  s h o r t - t e r m  c o r n e r i n g ,  

b r a k i n g  , o r  a c c e l e r a t i o n  response c h a r a c t e r i s t i c s  o f  t h e  d r i v e r /  

v e h i c l  e / road -su r face  sys tern was a  c a u s a t i v e  o r  h i g h l y  c o n t r i b u t i n g  

f a c t o r  i n  t h e  a c c i d e n t .  The c r i t i c a l  i s s u e  h e r e  i s  what con- 

s t i t u t e s  a d e f i c i e n c y .  I f  an emergency s i t u a t i o n  a r i s e s  such t h a t  

0.6 g b r a k i n g  a c t i o n  wou ld  a v o i d  t h e  a c c i d e n t ,  w h i l e  t h e  "system" 

i s  capab le  o f  p roduc ing  o n l y  0 .4  g, then i t  i s  reasonab ly  s a f e  t o  

say t h a t  a  d e f i c i e n c y  e x i s t s .  I f ,  on t h e  o t h e r  hand, a  3.0 g  

b r a k i n g  d e c e l e r a t i o n  i s  r e q u i r e d ,  b u t  o n l y  0 . 9  g i s  a v a i l a b l e ,  i t  

i s  apparent  t h a t  no " p r a c t i c a l "  b r a k i n g  a c t i o n  ( w i t h i n  t h e  accepted 

s t a t e  o f  t h e  a r t )  c o u l d  have avo ided t h e  a c c i d e n t .  Thus, t h e  

d e f i n i t i o n  o f  a  v e h i c l e  h a n d l i n g  a c c i d e n t  must  l i e  w i t h i n  t h e  band 

o f  unsuccessfu l  d r i v i n g  maneuvers bounded on one s i d e  by  a v a i l a b l e  

h a n d l i n g  performance and on t h e  o t h e r  b y  performance t h a t  i s  

p r a c t i c a l  l y  ach ievab le .  An a c c i d e n t  t h a t  c o u l d  have been avo ided 

o n l y  b y  i m p r a c t i c a l  l e v e l s  o f  h a n d l i n g  performance i s  - n o t  a  v e h i c l e  

h a n d l i n g  a c c i d e n t .  An a c c i d e n t  t h a t  c o u l d  have been avo ided b y  

p r a c t i c a l  improvements i n  hand1 i ng performance - i s  a  v e h i c l e  

handl  i ng a c c i  dent .  

Given t h e  above c o n s i d e r a t i o n s ,  a  v e h i c l e  handl  i n g  a c c i d e n t  

i s  d e f i n e d  as f o l l o w s :  

V e h i c l e  Hand l i ng  A c c i d e n t :  An a c c i d e n t  t h a t  c o u l d  have 

been prevented by b e t t e r  v e h i c l e  hand l  i ng performance,  

where such performance c o u l d  be p r a c t i c a l l y '  upgraded b y  

improvements i n  t h e  d r i  v e r l v e h i  c l  e / road -su r face  system. 



Thus, an a c c i d e n t  i s  a v e h i c l e  hand1 i n g  a c c i d e n t  when ( a )  a 

"system" d e f i c i e n c y  e x i s t s ;  ( b )  t h a t  d e f i c i e n c y  was a  c a u s a t i v e  

f a c t o r  i n  t h e  acc iden t ;  and ( c )  t h e  d e f i c i e n c y  c o u l d  have been 

e l  im ina ted  by p r a c t i c a l  improvements i n  ( 1  ) d r i v e r  s k i l l s ,  

( 2 )  v e h i c l e  des ign o r  maintenance, and/or ( 3 )  t h e  road s u r f a c e .  
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4. LITERATURE R E V 1  EW 

It i s  apparent  f rom a  r e v i e w  o f  t h e  r e s e a r c h  1 i t e r a t u r e  

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

r o l e  i s  n o t  understood,  and t h a t  p a s t  r e s e a r c h  e f f o r t s  p r o v i d e  no 

means o f  a c c u r a t e l y  q u a n t i f y i n g  t h e  magni t ude  o f  t h e  r o l e .  

The works rev iewed c o n t r a d i c t  one ano the r  i n  many r e s p e c t s .  

Wh i le  i n - d e p t h  i n v e s t i g a t i o n s  have f a i l e d  t o  i d e n t i f y  v e h i c l e  

performance as a  f r e q u e n t  causa l  f a c t o r ,  o t h e r  l e s s  d i r e c t  ev idence 

suggests t h a t  i t  may be. The r o l e  o f  d r i v e r  i n e x p e r i e n c e  i n  l o s s -  

o f - c o n t r o l  a c c i d e n t s  i s  g e n e r a l l y  recogn ized .  So a l s o  i s  t h e  

p o t e n t i a l  f o r  a c h i e v i n g  s a f e r  highways b y  means o f  b e t t e r  

emergency maneuver t r a i n i n g .  These o b s e r v a t i o n s  i n d i c a t e  a  d r i v e r  

f a i l u r e  problem i n  t h e  driver/vehicle/road-surface system. What 

i s  n o t  i n d i c a t e d  i s  t h e  degree t o  wh ich  t h a t  sys tem 's  performance 

can be improved b y  changes i n  t h e  v e h i c l e  a lone .  

Research o u t s i d e  t h e  U.S .  has i n d i c a t e d  t h a t  t i r e  p ressu re  

o r  t i r e  c o n d i t i o n ,  wh ich  a f f e c t s  hand1 i n g  a lmos t  e x c l u s i v e l y ,  can 

cause a c c i d e n t s .  B e t t e r  b r a k i n g  systems have a l s o  been shown t o  

be a  p a t h  t o  l o w e r  a c c i d e n t  r a t e s .  How these  r e s u l t s  a p p l y  t o  t h e  

t ype  o f  d r i v i n g  s i t u a t i o n s  found i n  t h e  U.S. i s  n o t  r e a d i l y  

apparent .  

W i t h i n  t h i s  c o u n t r y ,  t h e  most s i g n i f i c a n t  f i n d i n g  i s  t h a t  

t h o s e  c a r s  w i t h  t h e  b e s t  avo idance c a p a b i l i t i e s ,  p a r t i c u l a r l y  sma l l  

ca rs ,  have s e r i o u s  s t a b i  1  i ty  problems. The v e h i c l e  c l a s s e s  w i t h  

t h e  l o w e s t  r a t e s  o f  o v e r a l l  a c c i d e n t  i nvo l vemen t  c o n s i s t e n t l y  f a r e  

p o o r l y  w i t h  r e s p e c t  t o  l o s s - o f - c o n t r o l  o r  s i n g l e - v e h i c l e  a c c i d e n t s .  

De te rm in ing  t h e  o p t i m a l  m i x  o f  s m a l l - c a r  maneuverab i l  i ty and b i g -  

c a r  s t a b i l i t y  may be t h e  most s i g n i f i c a n t  impact  we can make i n  

t h i s  f i e l d .  

O the r  work i n  t h i s  coun t ry ,  tends t o  be l a r g e l y  c o n t r a -  

d i c t o r y ,  whether i n  t h e  area o f  acc ident -cause d e t e r m i n a t i o n  o r  

model-to-model a c c i d e n t - r i s k  comparisons. Much o f  t h e  prob lem i s  



a lack of adequate data; many studies reported on t o o  few accidents 

to produce meaningful resul ts .  Another aspect of the probleni i s  

a  fa i lu re  to account for the myriad of independent variables which 

make every accident unique. 

One disappointing aspect of even the best research that  uses 

accident data to  point o u t  dangerous design character is t ics  i s  the 

fa i lu re  of the researchers t o  ask, l e t  alone t r y  t o  answer, the 

question of "Why?" In many reports evidence i s  presented that  

suggests certain vehicle model s  are very accident-prone, or that  

certain general vehicle configurations are  over-invol ved in acci - 
dents. No attempt i s  made t o  look fu r the r ,  however, t o  see i f  

those extra ,  unpredicted accidents were indeed the resu l t  of 

vehicular fac tors .  And even i f  the s t a t i s t i c s  indicate that  the 

fau l t  l i e s  with the vehicle, could not the f au l t  be poor v i s i b i l i t y ,  

or poor ergonomic design, or poor headlight or t a i l l i g h t  effective- 

ness? The extent of the role of vehicle performance in accident 

causation i s  not l ikely  to  be known before s t a t i s t i c a l  research, 

vehicle test ing and ra t ing,  and improved accident reporting are 

combined for  the purpose of  answerin~ t h a t  specif ic question. 



5. EVIDENCE OF VEHICLE HANDLING FACTORS I N  AVAILABLE ACCIDENT DATA 

W h i l e  much a c c i d e n t  d a t a  has been c o l  l e c t e d  and o rgan ized  

i n  computer f i l e s  i n  , t h e  U n i t e d  S t a t e s ,  few o f  these f i l e s  have 

been examined w i t h  t h e  i d e a  o f  d e t e r m i n i n g  t h e  r o l e  o f  v e h i c l e  

h a n d l i n g  i n  a c c i d e n t  c a u s a t i o n .  One o f  t h e  purposes o f  t h e  p r e -  

s e n t  s t u d y  was t o  conduct  such an examina t i on .  

A t  t h e  Highway S a f e t y  Research I n s t i t u t e  t h e r e  a r e  upwards 

o f  two hundred sepa ra te  a c c i d e n t  f i l e s  a v a i l a b l e  f o r  resea rch  

purposes.  Most  o f  these a r e  spec ia l -pu rpose  f i l e s  t h a t  have l i t t l e  

u t i l  i ty i n  t h e  p r e s e n t  app l  i c a t i o n .  These p o l  i c e - r e p o r t e d  

a c c i d e n t  cases t o o  o f t e n  l a c k  s u f f i c i e n t  d e t a i l  on t h e  a c c i d e n t -  

i n v o l v e d  v e h i c l e s .  The cases a l s o  do n o t  d i f f e r e n t i a t e  t h e  

parameters d e s c r i b i n g  an a c c i d e n t  i n  such a  way t h a t  t h e y  can be 

ana lyzed w i t h  r e s p e c t  t o  v e h i c l e  handl  i ng c o n s i d e r a t i o n s .  Two 

o t h e r  requ i remen ts  f o r  t h e  p r e s e n t  a p p l i c a t i o n  a r e  t h a t  a  da ta  f i l e  

must  c o n t a i n  enough cases t o  produce mean ing fu l  s t a t i s t i c a l  r e s u l t s ,  

and t h e  raw d a t a  must  be reasonab ly  a c c u r a t e  and r e p r e s e n t  a  

random sample o f  an a c c i d e n t  p o p u l a t i o n .  A t  p r e s e n t ,  no e x i s t i n g  

d a t a  f i l e  s a t i s f i e s  a l l  o f  t hose  requ i remen ts .  Two f i l e s  do, 

however, come c l o s e  enough t o  p r o v i d e  u s e f u l  i n f o r m a t i o n .  Those 

two a r e  mass-acc ident  d a t a  f i l e s  f r o m  K ing  County ( S e a t t l e ) ,  

Washington, and f r o m  t h e  S t a t e  o f  Texas. Analyses o f  t hose  f i l e s  

produced f i n d i n g s  a s s o c i a t e d  w i t h  v e h i c l e  hand l  i ng. Bu t ,  because 

o f  t h e  absence o f  exposure da ta ,  t h e  f i n d i n g s  a r e  expressed as 

a c c i d e n t  f r e q u e n c i e s  and n o t  a c c i d e n t  r a t e s .  

The C P I R  f i l e  o f  7,799 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  cases was examined t o  de te rm ine  whether  t h e  f i l e  i s  u s e f u l  

f o r  l e a r n i n g  more about  t h e  r o l e  o f  v e h i c l e  h a n d l i n g  i n  a c c i d e n t  

c a u s a t i o n .  It was e s t a b l i s h e d  t h a t  t h e  f i l e  i s  n o t  s u i t e d  f o r  

making de te rm i  n i  s t i c  d e c i s i o n s  r e g a r d i n g  t h e  presence o r  non- 

presence o f  such f a c t o r s  i n  t hose  cases. F o r  such cases t o  be 

u s e f u l ,  a  more s p e c i f i c  scheme f o r  g a t h e r i n g  d a t a  on t h e  p re -c rash  

phase o f  t h e  a c c i d e n t  wou ld  need t o  be employed i n  t h e  case 

i n v e s t i g a t i o n s .  
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6.  S E L E C T I O N  O F  V E H I C L E  H A N D L I N G  PERFORMANCE DESCRIPTORS 
A N D  CONSTRUCTION O F  A V E H I C L E  H A N D L I N G  DATA F I L E  

To determine the role of vehicle handling in accident 

causation, i t  i s  necesary to  break down the elements of a 

passenger car into those qua1 i t i e s ,  quant i t ies ,  descriptors,  

dimensions, e t c . ,  tha t  describe i t s  handl ing performance. Next 

i t  i s  necessary t o  do the same with the accident event, i . e . ,  

break down the event in to  i t s  elemental descriptors,  each of which 

may have a connection with the vehicle handling properties of the 

driver/vehicl e/road-surface sys tern. One then must proceed t o  

( 1 )  col lec t  the necessary vehicle a n d  accident data and ( 2 )  con- 

s t ruc t  the related computerized data f i l e s .  The f inal  step i s  

t o  compute normalized accident rates and analyze the resultant  

d a t a  for  correl a t i  ons between vehicle descriptors , accident 

descriptors,  a n d  accident ra tes .  

The process of defining and selecting vehicle handl i n g  

descriptors i s  discussed in detai l  in the fu l l  report .  Also 

described are the form and content of a vehicle handling data f i l e  

that  can be constructed with data available for  collect ion.  
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7 .  STATISTICAL ANALYS I S  AND DATA COLLECTION METHODOLOGY 

The proposed methodology r e q u i r e s  c o l l e c t i o n  and a n a l y s i s  

o f  f o u r  t ypes  o f  da ta :  ( 1 )  a c c i d e n t  data ;  ( 2 )  v e h i c l e  h a n d l i n g  

data ;  ( 3 )  e x p o s u r e - t o - r i s k  da ta ;  and ( 4 )  image- r i sk  data .  I n  

t h e  p resen t  s t u d y  t h e  methodology has been p a r t i a l l y  a p p l i e d ,  i n  

a  p r e l i m i n a r y  way, t o  demonstrate t h a t  i t  i s  f e a s i b l e  t o  combine 

data  1  i b r a r i e s  t o  a t t a i n  t h e  d e s i r e d  o b j e c t i v e s .  The methodology 

shou ld  be a p p l i e d  i n  a  f u l l - s c a l e  research program t h a t  would 

e n t a i l  c o l l e c t i n g  handl  i n g  da ta  f o r  app rox ima te l y  100 v e h i c l e  

model s. The a d d i t i o n a l  da ta  r e q u i r e d  t o  imp1 ement t h e  method01 ogy 

shou ld  be o b t a i n e d  w i t h i n  a  two-year t i m e  frame and w i t h i n  a  c o m o n  

geographic area.  

A t  l e a s t  300,000 a c c i d e n t  cases shou ld  be c o l l e c t e d  th rough 

a  p o l i c e  a c c i d e n t  r e p o r t i n g  system, u s i n g  a  supplemental  r e p o r t i n g  

form. The e x p o s u r e - t o - r i s k  da ta  shou ld  be a c q u i r e d  b o t h  th rough  

a  m a i l e d  q u e s t i o n n a i r e  su rvey  and th rough  i n t e r v i e w s  a t  1 i cense  

renewal  o f f i c e s .  v e h i c l e  h a n d l i n g  performance d a t a  shou ld  be 

a c q u i r e d  b y  means o f  a  dynamic t e s t i n g  a c t i v i t y - - b o t h  f o r  normal 

h a n d l i n g  and 1 i m i t  handl  i n g  p r o p e r t i e s .  F i n a l l y ,  image- r i sk  da ta  

shou ld  be c o l l e c t e d  by  means o f  automated t r a f f i c  surveys a t  

s e l e c t e d  l o c a t i o n s .  These surveys shou ld  i d e n t i f y  t h e  d r i v e r  and 

v e h i c l e  w h i l e  s imu l  t aneous ly  r e c o r d i n g  such v a r i a b l e s  as speed, 

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

weather  cond i  t i o n s .  

Those da ta  would be ana lyzed t o  produce t r u e  a c c i d e n t  r a t e s ,  

namely, r a t e s  t h a t  a r e  normal i zed f o r  confound ing i n f l  uences such 

as  d r i v e r ,  exposure, and image f a c t o r s .  On comparing t r u e  a c c i d e n t  

r a t e s  w i t h  v a r i o u s  a c c i d e n t  d e s c r i p t o r s ,  t h e  researchers  wou ld  be 

a b l e  t o  d e f i n e  t h e  r e l a t i v e  a c c i d e n t - c a u s a t i o n  p o t e n t i a l  t h a t  can 

be assoc ia ted  w i t h  a  g i v e n  l e v e l  o f  a  s p e c i f i c  v e h i c l e - h a n d l i n g  

d e s c r i p t o r .  



BLANK 



8. ACCIDENT RECONSTRUCTION METHODOLOGY 

If handl ing-related causation factors  are  to  be ident i f ied ,  

emphasis in accident reconstruction must be placed on the pre- 

crash phase of the accident. To establish beyond question whether 

vehicle handling factors were involved in a n  accident, several 

types of information are needed: 

1.  The history of the driving cues presented t o  the 

dr iver ,  his  decision processes, and his control actions. (This 

would require having a recording device on the vehicle.)  

2 .  The pre-crash path(s)  of the veh ic le ( s ) ,  including 

the length, location, and microscopic character is t ics  of skid 

marks. 

3. The character is t ics  of the f r i c t ion  a t  the tire-road 

interface.  

4. The handl i  ng character is t ics  of involved vehicles, as 

determined by basic design, and as modified by loading, t i r e  wear 

and  pressures, a n d  other f i r s t -o rder  e f fec t s .  

5. The maintenance a n d  repair s ta tus  of the involved 

vehicle--particul ar ly  in re1 at ion t o  identifying the inf l  uence 

of mechanical condition as a factor other than the influence of 

basic design. 

6. The physical condition and capacities of the d r ive r ( s )  

(e.g. ,  a ler tness ,  experience, reaction capacity, physical s trength,  

e t c . ) .  

7. The ergonomic mat~hing of the driver with the vehicle, 

i . e . ,  the arrangement and placement of driving controls and the 

required forces f o r  t he i r  manipulation. 

8. The ambient environment. 



9 .  The macroscopic cha rac te r i s t i c s  of the  roadway, e .g . ,  

geometric alignment, pavement roughness, s igh t  obs t ruct ions ,  e t c .  

While there a re  obvious d i f f i cu l  t ie , s  involved in obtaining 

a l l  of the  above-described information, accident  reconstruction 

methods can be improved in several ways to  provide a b e t t e r  

understanding of the pre-crash phase. In t h i s  connection, the 

study examined f ive  aspects of pre-crash reconstruct ion:  analysis  

of skid marks; determination of pavement skid res is tance;  measure- 

ments of pavement slope, curve speed, a n d  1 ight  in tens i ty ;  

measurements of driver  react ion time, pedal force s t r eng th ,  and 

gr ip  s t rength;  and determination of the maintenance repa i r  s t a t u s  

of the invol ved vehic le(s )  . 
A Vehicle Handling Supplement t o  the  CPIR form was developed 

fo r  use in col lec t ing  information t h a t  can be used t o  ident i fy  

vehicle hand1  ing fac to r s  in an accident .  This modular supplement 

has f i v e  sect ions tha t  deal with the environment, the roadway, 

' the vehicle, the operator ,  and the accident kinematics. The 

approach employed in developing t h i s  suppleniental form was to  

include every variable t h a t  could e i t h e r  be d i r e c t l y  related t o  

a vehicle handling fac to r  or  could confound an analysis  seeking 

t o  es tabl i sh  the influence of vehicle handling. 



9 .  A DETERMINISTIC METHODOLOGY 

The analytical methodology described in several sections 

of the report i s  based on the use of s t a t i s t i c a l  inference as a 

means of determining the role of vehicle handling in accident 

causation. In t h i s  section,  a  d i f ferent  approach i s  used to 

evaluate the accident avoidance capabil i t i e s  of a vehicle/driver 

system. This approach i s  a  means of supplementing the  findings 

obtainable through use of the tools of s t a t i s t i c a l  inference. 

The approach i s  an adaptation of the pursuit-evasion analysis methods 

developed t o  evaluate a i r - to -a i r  combat weapons systems. 

In  a mil i tary context, the objective i s  t o  get an a i r - to-  

a i r  attack missile as close as possible to  a target  a i r c r a f t  

before i t s  warhead i s  detonated. The magnitude of th i s  c loses t  

approach, or miss distance, i s  a  measure of the effectiveness of 

the missi le.  In automotive accident avoidance, the objective i s  

just  the opposite with respect to  miss distance. The bet ter  per- 

forming car i s  one that  can increase the miss distance and  carry 

o u t  a safe recovery phase. 

This approach i s  described in the fu l l  report in terms of 

(1)  a simple mathematical model describing the di f ferent ia l  

geometry of two vehicles involved in accident avoidance; ( 2 )  

application of the model t o  the simulation of a single accident 

avoidance scenario; and ( 3 )  manipulation of the simulation resul ts  

into a form that  can be used t o  show the influence of cornering 

capabi 1 i ty on accident avoidance performance. The simulation 

resul ts  show that  improving the 1 ateral  acceleration performance 

o f  a vehicle from 0 . 6  g to' 0.8 g--a 33% increase - resu l t s  in only 

an 8% increase in accident avoidance performance. The costs of 

increasing cornering capabi 1 i  ty and the benefits accruing from 

reduced accident experience have not been computed, b u t  such 

computations could be undertaken. 



The mathemat ica l  model employed i n  t h i s  s i m u l a t i o n  i s  

based on s e v e r a l  simp1 i f y i n g  assumpt ions.  F o r  example, t h e  model 

does n o t  accoun t  f o r  t h e  comp l i ca ted  h a n d l i n g  performance o f  a  

v e h i c l e  as i t  approaches i t s  l i m i t  maneuver ing regime. Nor does 

i t  account  f o r  t h e  manner i n  wh ich  b r a k i n g  a c t i o n  l i m i t s  a  

v e h i c l e ' s  a b i l  i t y  t o  c o r n e r .  However, such r e f i n e m e n t s  c o u l d  be 

added t o  t h e  model. A f u l l - f l e d g e d  v e h i c l e  dynamics s i m u l a t i o n  

c o u l d  be employed. S imu l ' a t i ons  o f f e r  t h e  p o t e n t i a l  f o r  i n v e s t i -  

g a t i n g  t h e  i n f l u e n c e  o f  any s p e c i f i c  h a n d l i n g  p r o p e r t y  on t h e  

acc iden t -avo idance  per formance o f  a  mo to r  v e h i c l e .  F u r t h e r ,  i t  

i s  p o s s i b l e  t o  add d r i v e r  i n f l u e n c e s  ( r e a c t i o n  t i m e ,  c o n t r o l  f o r c e  

1 i m i t a t i o n s ,  maneuver a c t i o n s ,  e t c .  ) and roadway i n f l  uences 

( s u r f a c e  s k i d  r e s i s t a n c e ,  geomet r i c  f e a t u r e s ,  roughness,  e t c  .) t o  

t h i s  approach. A1 though p u r s u i  t - e v a s i o n  methods a r e  n o t  a  panacea, 

t h e y  o f f e r  .a d e t e r m i n i s t i c  approach t o  examin ing t h e  r o l e  o f  

v e h i c l e  h a n d l i n g  i n  c o l l i s i o n  o r  a c c i d e n t  c a u s a t i o n ,  as opposed 

t o  examining,  on a  s t a t i s t i c a l  b a s i s ,  f a c t o r s  w h i c h  may be deemed 

c a u s a t i v e  o r  c o n t r i b u t o r y .  Given t h e  c o m p l e x i t y  o f  t h e  i s s u e ,  

i t  c o u l d  be argued t h a t  b o t h  approaches s h o u l d  be pursued i n  

para1 1  e l  . 



10. CONCLUSIONS 

The use of a s t a t i s t i c a l  approach in determining the ro le  

of vehicle handling in accident causation c a l l s  fo r  col lect ing 

and analyzing several types of data in unprecedented amounts. 

Implementing the program will  be a formidable and cost ly under- 

taking. Pressures w i  11 undoubtedly a r i s e  fo r  reducing the scope 

of the program recomnended herein as a means of answering the 

questions of in te res t .  Certainly there i s  nothing wrong with 

reducing scope and costs--provided the eventual objectives are n o t  
jeopardized. A good deal of care should therefore be exercised 

before making any decisions to  reduce segments of the proposed 

program. The consequences of col lec t ing  fewer data elements in 

terms of reduced confidence in resul t s  can be c l ea r ly  established 

through the methods developed in Section 7 .  

Although the recommended program will  be cost ly t o  implement, 

there are supplementary benefi ts  tha t  should be careful ly con- 

sidered. Much of the derived data (having the form recommended 

here) will  be appl icable to  studying a n d  confirming hypotheses 

not necessarily related t o  vehicle handl ing. In pa r t i cu la r ,  the 

accident and exposure-to-risk data ,  plus a few additional data 

elements in each col lect ion program, could provide very useful 

information. After a l l ,  t ru ly  valid exposure-to-risk data i s  now 

v i r tua l ly  non-existent. Consequently, val id accident r a t e  i  nfor- 

mation i s  a1 so v i r tua l ly  non-existent. I t  would therefore be 
worthwhile t o  consider the u t i l i t y  of the data to  be derived from 

research investigating the role of vehicle handl i  ng factors  in 

terms of studying the influence a n d  ro le  of other f a c t o r s ,  and t o  

plan the coll ection task accordingly. 


