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and part of Oakland Counties, Nichigan were investigated. Data relevant 
to determination of the potential role of vehicle handling in accident 
causation, principally tire data, were collected on 1044 vehicles in these 
accidents. 

Limited tire data were also obtained during random Michigan State 
Police checklane inspections in the summer of 1976. The checklane and 
accident samples were compared on tire pressure, tread depth, and carcass 
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The data reveal generally poor tire maintenance practices in both 
samples, with evidence that mixed carcass constructions and large inflation 
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is overrepresented in accidents on wet or slippery roads. These conclusions 
are tentative because of the limited number of vehicles in the accident 
sample, and because the control group may not adequately represent the 
population which generated the accident sample. 

More definitive control-group data and development of a definition 
of vehicle-handling accidents are recommended. 
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SUMMARY 

This f i n a l  report  of a p ro jec t  e n t i t l e d  "Vehicle Handling Study" 

describes work conducted during t h e  period September 1, 1975 t o  Apri l  1, 

1978. I t  presents  f indings of analyses of t i r e  da ta  col lec ted  on 1054 

vehicles involved i n  accidents  i n  Oakland and Washtenaw Counties. 

The analyses were conducted t o  a s sess  the r o l e  of t i r e s  in  accident  

causation. Given t h a t  under-inflated, mismatched, o r  worn t i r e s  negatively 

a f f e c t  vehicle-handling proper t ies ,  the  t i r e  da ta  were examined t o  determine 

the  frequency of such fac to r s  and whether they may r e l a t e  t o  accident 

causation. 

The data were obtained from c a r s  and l i g h t  t rucks  involved in  438 

single-vehicle and 322 two-vehicle accidents.  Comparative data  were a l s o  

obtained from the  Michigan S t a t e  Pol ice  checklane inspections conducted i n  

the  summer of 1976. Those inspected vehicles were randomly selected. Thus 

t h e i r  t i r e  da ta  represent a quasi-control sample drawn from an exposed 

population. 

The ana ly t i ca l  approach consisted of comparing t h e  checklane t i r e  

pressure and tread-depth data  with s imi lar  da ta  from the  accident population 

and with the  following subsets  of the  accident population: single-vehicle 

accidents; two-vehicle, intersection-type accidents; and two-vehicle, non- 

i n t e r s e c t i o ~ t y p e  accidents.  More de ta i l ed  data  about the  carcass  type and 

about t read depth were ava i l ab le  f o r  the  accident  population, and fu r the r  

comparisons were made on these var iables  f o r  the accident subsets.  

1. A s t a t i s t i c a l l y  s i g n i f i c a n t  d i f ference  was found between the  mean 

i n f l a t i o n  pressures of the  two samples fo r  three  of the  four t i r e  pos i t ions  

a s  well a s  a l l  four t i r e s  combined, with the  accident-involved vehic les  

having lower t i r e  pressures than the  non-accident involved vehicles. The 

d i f ference  i n  the  means is l e s s  than 0.6 ps i  f o r  each of the  four t i r e  

pos i t ions  and f o r  the  aggregate of a l l  four t i r e s .  Although the  d i f ferences  

i n  the  means a r e  s t a t i s t i c a l l y  s ign i f i can t ,  they a r e  s o  small t h a t  they 

would not be opera t ional ly  s i g n i f i c a n t  and m y  r e s u l t  from instrumental 

e r r o r s  (see  page 290). 

2.  Vehicles involved i n  single-vehicle accidents  had the  highest  



pressure imbalances, a s  measured by t h e  d i f ference  between the  t i r e s  with 

the  highest  and lowest pressure on each vehicle. The comparison of vehic les  

involved i n  s i n g l e  and multi-vehicle acc idents  was s t a t i s t i c a l l y  

s ign i f i can t .  (Page 29).  

3. Vehicles which ran off  the  road before impact had s i g n i f i c a n t l y  

higher pressure d i f fe rences  than those vehic les  which did not ,  but  t h i s  

va r i ab le  is highly corre la ted  with s ingle-vehicle accidents .  (Page 20) . 
4. The t i r e  pressure imbalances i n  the  accident  sample were 

s i g n i f i c a n t l y  g r e a t e r  than those i n  t h e  con t ro l  sample. The s i g n i f i c a n t  

d i f ference  resul ted  from higher d i f f e rences  amng t h e  vehic les  i n  t h e  

single-vehicle subset  of the  accident  sample. (Page 2 9 ) .  

5. I n  h t h  the  accident  and checklane samples, pressure imbalances 

were g rea te r  i n  subcompacts and t rucks  than they were i n  compact, 

intermediate, and fu l l - s i ze  body types. The g r e a t e s t  imbalances were found 

i n  vehic les  i n  t h e  smal les t  body type. For each body type, d i f f e rences  

between the  accident  and checklane samples were ins ign i f i can t .  (Page 30.) 

6. The d i f ference  between the  average f r o n t  pressure and t h e  average 

rea r  pressure was computed f o r  each passenger vehic le  i n  t h e  accident  and 

checklane samples. The two resu l t ing  d i s t r i b u t i o n s  d i f f e r  s i g n i f i c a n t l y ,  

w i t h  t he  checklane d i s t r i b u t i o n  being displaced i n  t h e  d i r e c t i o n  of higher 

f r o n t  minus r e a r  d i f ferences ,  compared t o  t h e  accident  d i s t r i b u t i o n .  This 

d i f f e rence  is l a r g e l y  t h e  r e s u l t  of cases  near the  center  of the 

d i s t r i b u t i o n s ,  i .e. ,  cases  with f r o n t  and rea r  pressure d i f f e r e n t i a l s  of 

only 1 o r  2 ps i .  These small d i f f e r e n t i a l s  may not  be opera t ional ly  

s ign i f i can t .  The t a i l s  of the  d i s t r i b u t i o n  a r e  much more importanto-that 

is, the  regions where the  absolute value of the  f r o n t  t o  r ea r  pressure 

d i f f e r e n t i a l  is large.  When the  t a i l s  of the  d i s t r i b u t i o n s  of t h e  two 

samples were compared, i t  was found t h a t  the  acc ident  sample has a higher 

incidence of f r o n t  t o  r ea r  d i f f e rences  of 5 o r  m r e  p s i ,  including both 

cases  of the  f r o n t  pressure higher than t h e  r ea r  and v ice  versa. The 

accident  sample a l s o  had s i g n i f i c a n t l y  more cases of the  r ea r  pressure 

exceeding t h e  f ron t  by 3.5 o r  more ps i .  (Page 32-36). 

7 .  Tread depth was s i g n i f i c a n t l y  corre la ted  with maximum t i r e  pressure 

imbalance i n  the  acc ident  and contro l  samples. Vehicles with 0-2/32's of an 



inch of t read  had t h e  h ighes t  t i r e  p re s su re  imbalances and a s  t h e  amount of 

t r ead  increased t h e  maximum pressure  imbalance decreased. The r e l a t i o n s h i p  

was s t a t i s t i c a l l y  s i g n i f i c a n t  i n  both samples. However, t h e  accident  sample 

had higher  imbalances than the  checklane. (Page 37) . 
8. Mixing t i r e s  of d i f f e r e n t  types of ca rcas s  cons t ruc t ion  on the  same 

veh ic l e  is overrepresented i n  t h e  acc ident  sample. I n  t h e  acc ident  sample, 

10.3 percent  of t h e  veh ic l e s  had t i r e s  with mixed cons t ruc t ion ,  while only 

1.6 percent  of t he  veh ic l e s  i n  t h e  checklane sample were equipped with 

mixes. Radial ply t i r e s  were mixed with non-radials on 1.0 percent  of t h e  

checklane vehic les ,  but on 2.1 percent  of t h e  accident  vehic les .  Some of 

t h e  mixing i n  t h e  acc ident  sample resu l ted  from t h e  use of snow t i r e s  

(whereas t he  checklane da t a  were co l l ec t ed  only i n  summer months). 

Discounting such cases  leaves  mixing on 6.8 percent  of t he  acc ident  

vehic les ,  o r  still four  t imes t h e  r a t e  i n  t h e  checklane smple.  (Pages 

39-40) . 
9. Comparisons of t h e  acc ident  and checklane samples show no 

s i g n i f i c a n t  d i f f e r ence  i n  t h e  amount of remaining t r ead  ( a f t e r  con t ro l l i ng  

f o r  d i f f e r ences  i n  t h e  ages of t he  vehic les  i n  t h e  two groups) , o r  i n  t h e  

proport ions of veh ic l e s  with 2/32 inch o r  l e s s  of t read  remaining on a t  

l e a s t  one t i r e .  (Pages 43-54). 

10. Vehicles  having a t i r e  with 2/32 inches o r  l e s s  t read  were 

overinvolved i n  acc idents  on wet roads by a f a c t o r  of 1.8. No s i g n i f i c a n t  

d i f f e r e n c e  was found i n  t he  mean t read  depth of t h e  most-worn t i r e  on 

veh ic l e s  involved i n  single-vehicle and two-vehicle crashes.  However, those 

i n  head-on crashes  had l e s s  t r ead  than those  i n  i n t e r s e c t i o n  c o l l i s i o n s .  

(Pages 55-59). 

11. The p a t t e r n  of wear ac ros s  ind iv idua l  t i r e s  was found t o  vary by 

wheel pos i t ion .  More r e a r  t i r e s  wear with concave p a t t e r n s  ( l e s s  t r ead  i n  

t h e  cen te r  than  near  t h e  s i d e s )  than do f r o n t  t i r e s .  Twice a s  many r a d i a l  

t i r e s  had a l i n e a r  wear p a t t e r n  a s  d id  e i t h e r  regular-bias o r  belted-bias 

t i r e s .  S e r i e s  60 (aspec t  r a t i o  equal t o  0.6) t i r e s  had a s u b s t a n t i a l l y  

higher  incidence of concave p a t t e r n s  than e i t h e r  s e r i e s  70 o r  78 t i r e s .  The 

p a t t e r n  of wear has  l i t t l e  a s soc i a t ion  wi th  observed i n f l a t i o n  pressures .  

(Pages 62-67) . 



12. Front t i r e s  had t h e  g r e a t e s t  t read  wear on t h e  ins ide  more 

frequently on the  l e f t  t i r e  than on the  r i g h t  t i r e .  Conversely, r ea r  t i r e s  

had the  g r e a t e s t  wear on t h e  ins ide  more frequently on the  r i g h t  t i r e .  

(Pages 68-69). 

Conclusions and Recomrr.enda t i o n s  - 

Comparisons of the  accident  and checklane samples showed t h a t  c a r s  with 

(1) a mix of t i r e  ca rcass  construct ion;  o r  (2 )  an imbalance of 5 p s i  o r  more 

i n  the  average i n f l a t i o n  pressures  of the  f r o n t  tires vs. t h e  r ea r  t i r e s  

were overrepresented i n  accidents .  Although the  causal  mechanism was not 

es tabl i shed on a case-by-case bas i s ,  t h e  overrepresentat ion suggests  a 

causal  l i n k  between these  f a c t o r s  and accidents .  This  conclusion must be 

tmpered however, because the  checklane sample was l e s s  than an i d e a l  

cont ro l  group. The checklane data  were col lec ted  i n  a sepa ra te  county a t  a 

d i f f e r e n t  time, and only during dayl ight  hours. Thus the  sample may not  be 

t r u l y  representa t ive  of the  a t - r i sk  population from which t h e  acc idents  were 

drawn. I n  any case,  t h e  proportion of acc idents  which might be "caused" by 

the  carcass  mixes o r  i n f l a t i o n  pressure  d i f fe rences  is small.  Evidence from 

t h e  accident  sample suggests  t h a t  t i r e s  with no more than 2/32 inch of t r ead  

a r e  overrepresented i n  acc idents  on wet roads. 

The cur ren t  lack of broad agreement on a p r a c t i c a l  d e f i n i t i o n  of "a 

vehicle-handling accident" continues t o  i n h i b i t  development of methods f o r  

ident i fy ing such accidents  and t h e i r  causes. Cer ta in ly  c o l l e c t i o n  and 

ana lys i s  of more and b e t t e r  pre-crash da ta  a r e  e s s e n t i a l  t o  f u r t h e r  progress 

i n  a study of vehic le  handling, but  the  value of such data  may sti l l  be 

l imited without a b e t t e r  d e f i n i t i o n  of vehicle-handling accidents .  

More d e f i n i t i v e  cont ro l  group da ta  should be obtained. The s t a t i s t i c a l  

in£ erence approach depends fundamentally on the  abi  li t y  t o  compare the  

c h a r a c t e r i s t i c s  of an accident  sample with the  c h a r a c t e r i s t i c s  of the  

exposed, a t - r i sk  population from which i t  comes. The pseudo-control group 

used i n  t h i s  study is not de ta i l ed  enouqh t o  ce r ry  out  the  des i red  

comparisons. I t  may a l s o  be i n s u f f i c i e n t l y  representa t ive  i n  time and space 

t o  serve  a s  a d e f i n i t i v e  comparison group. 

Manufacturers ' recornrnended ti r e  pressures  a t  average load,  and 

devia t ions  from them, should be obtained f o r  both accident  and contro l  



groups on a vehicle-by-vehicle basis. 

Companion studies to define handling characteristics of the at-risk 

population of vehicles should be expanded (cf. MIMA Project 4.29, "Develop 

Accident Causation Investigation Techniques"). Those study results can be 

used in conjunction with results of studies such as this to clarify the role 

of vehicle handling as an accident-causation factor. 





INTRODUCTION 

The purposes of t h i s  f i n a l  vehic le  handling repor t  a r e  t o  update the  

Second Interim Report with the  inclusion of da ta  col lec ted  s ince  the  

previous repor t  was issued, and t o  present  the  more important f indings t h a t  

have emerged from ana lys i s  of the  enlarged s e t  of data.  This report  is 

based on the  aggregate of a l l  da ta  col lec ted  i n  the  Vehicle Handling Study 

from its beginning on September 1, 1975 through termination of the  f i e l d  

e f f o r t  on Apri l  1, 1978, 

The previous repor ts  reviewed accident  inves t iga t ion  procedures 

r e l a t i v e  t o  vehic le  handling, discussed some of the  various methodological 

approaches then under considerat ion,  and iden t i f i ed  various s t r eng ths  and 

weaknesses of the  severa l  approaches. The f u l l  discussion contained i n  the  

previous repor ts  w i l l  not be repeated here,  but  i t  is important t o  note some 

of the  c h a r a c t e r i s t i c s  t h a t  underl ie  the  approach t h a t  has been adopted. 

Our bas ic  approach t o  determining t h e  po ten t i a l  r o l e  of vehic le  

handling a s  a possible contr ibuting f a c t o r  t o  accident  causat ion has been 

t h e  s t a t i s t i c a l  inf  erence approach. I n  general  terms, da ta  elements 

believed t o  be relevant  t o  accident  causation a r e  iden t i f i ed ,  and these  da ta  

elements a r e  then col lec ted  on a representa t ive  sample of accidents.  

Idea l ly ,  the  same data  elements a r e  a l s o  col lec ted  on a representa t ive  

sample of the  exposed, a t - r i sk  population of vehic les  using the  highways a t  

the  times and places where the  acc idents  occur. The ana lys i s  i n  t h i s  

approach cons i s t s  e s s e n t i a l l y  of comparing the  two samples and looking f o r  

t h e  overrepresentat ion o r  underrepresentation of se lec ted  var iables  i n  the  

accident  population compared t o  the  cont ro l  population. Variables t h a t  a r e  

found t o  be overrepresented i n  the  accident  population with respect t o  t h e i r  

proportions i n  t h e  cont ro l  population a r e  presumed, a t  the  f i r s t  l e v e l  of 

analys is ,  t o  be causal ly  re la ted  t o  the  occurrence of accidents.  

The extent  t o  which the  o v e r a l l  s t a t i s t i c a l  inference approach can be 

implemented in  any s i n g l e  p ro jec t  is governed primari ly by p r a c t i c a l  issues.  

The arount  of time t h a t  can be spent  on any s i n g l e  accident  by the  f i e l d  



inves t iga tors ,  the  number of such cases t h a t  can be inves t iga ted ,  and t h e  

resources ava i l ab le  f o r  a de ta i l ed  descr ip t ion  of the contro l  population a r e  

a l l  highly relevant .  I n  t h e  present  projec t  i t  has been necessary t o  l i m i t  

t he  scope of the  overa l l  inves t iga t ion  by focusing t h e  data  co l l ec t ion  

a c t i v i t i e s  on a p a r t i c u l a r  topic  of i n t e r e s t .  T i res  were se lec ted  i n i t i a l l y  

because i t  is well known t h a t  t i r e s  have a highly s i g n i f i c a n t  e f f e c t  on 

vehic le  handling c h a r a c t e r i s t i c s ,  and presumably, on vehicle-handling 
1 2  accidents  i f  such e x i s t  , . Further,  i t  was believed t h a t  improperly 

maintained o r  used t i r e s  could be detected r e l a t i v e l y  e a s i l y  (compared t o  

o the r  vehicular  components t h a t  influence vehic le  h a n d l i q )  i n  the  accident  

Projec t  resources were a l located  t o  accident  and accident-involved 

vehic le  inves t iga t ions ,  and no resources were devoted t o  obtaining a 

comparably de ta i l ed  descr ip t ion  of the  cont ro l  population. A pseudo-control 

~ o p u l a t i o n  was avai lable ,  however, i n  the  form of the  checklane data  

col lec ted  by HSRI i n  its evaluat ion of t h e  Michigan vehic le  inspection 

program. The data  from t h i s  program, s p n s o r e d  by t h e  Michigan Department 

of S t a t e  Police,  a r e  described ~ u b s ~ ~ u e n t l ~  and compared t o  the  accident  

da ta .  

' ~ e r n a r d ,  James E. e t  a l . ,  Vehicle-In-Use L i m i t  Performance -- and T i r e  
Factors, Technical Report UM-HSRI-PF-75-1-2, Contract COT-HS-031-3-693, 
Highway Safety Research I n s t i t u t e ,  The University of Michigan, January 1975. 

'~undorf ,  R.T. and R.L. Leffer t ,  - The Cornering Compliance Concept - f o r  
Description of Direc t ional  Control (Handling) Proper t ies ,  Engineering 
Publicat ion 2771, General Motors Proving Ground, Milford, Michigan, 1971. 



2.0 DATA SET 

The data  co l l ec t ion  procedures and de ta i l ed  information about the  

s p e c i f i c  da ta  elements, including data  co l l ec t ion  forms, were presented i n  

t h e  f i r s t  interim report .  These a r e  reviewed b r i e f l y  below, and the  

contents  of the  da ta  set i n  its f i n a l  form a r e  given i n  t e r n  of severa l  

desc r ip t ive  variables.  

2.1 Selec t ion  C r i t e r i a  

A t  the  beginning of the  current  project-September 1, 1975-the case- 

s e l e c t i o n  c r i t e r i a  were s e t  t o  inves t iga te  a l l  accidents  i n  which one o r  two 

vehic les  were involved and i n  which a l l  involved vehicles were towed from 

the  scene because of damage sustained during the  accident  sequence. 

Passenger c a r s  and l i g h t  t rucks  with four wheels were required t o  be among 

t h e  f i v e  most recent  nodel years ,  whereas a l l  o ther  t rucks  and buses could 

be ,up t o  ten  model years  old.  Thus 1972 and subsequent model year  c a r s  and 

l i g h t  t rucks  were e l i g i b l e  i n i t i a l l y ,  and 1977 and 1978 vehic les  were added 

a s  they were introduced i n t o  the  driving population i n  l a t e  1976 and 1977 

respectively.  

Simple random sampling from vehic les  meeting both the  accident  and 

case-vehicle s e l e c t i o n  c r i t e r i a  given above was employed. This  reduced the  

acc idents  and vehic les  t o  be invest igated t o  a number cons is tent  with the  

s i z e  of the  f i e l d  inves t iga t ion  s t a f f .  The sampling f r a c t i o n  has been 

maintained a t  0.2 i n  Washtenaw County. For the  Oakland County 

jurisdictions--Bloom£ i e l d  Township, Pontiac, Royal Oak, Southfield,  Troy, 

and Waterford Township-the sampling f r a c t i o n  was s e t  i n i t i a l l y  t o  0.2 and 

subsequently increased t o  0.3 on Apri l  1, 1976. ( I t  was reduced t o  0.2 on 

Apri l  11, 1977, and maintained a t  t h a t  l e v e l  f o r  the  durat ion of the  

p ro jec t )  . 

2.2 Data Elements - 
A l l  da ta  elements have been col lec ted  on t h e  Annotated Col l i s ion  



Performance and In ju ry  R e p r t ,  Revision 3 ,  Edit ion 1/76, VH/IC Study, 4/76. 

The e n t i r e  form m y  be found i n  Appendix D. I t  should be noted t h a t  

extensive data  were col lec ted  f o r  each wheel and t i r e .  These data  elements 

include whether the  wheel was o r i g i n a l  equiprent and i f  i t  was damaged, the  

tread type, intended use (passenger c a r ,  l i g h t  t ruck,  e t c . )  , s i z e ,  brand, 

DOT code, and load range of the  t i r e .  T i r e  cons t ruct ion  information 

including carcass  type, number of p l i e s ,  p ly  mater ia l ,  and t h e  presence of a 

tllbe o r  re t read  is a l s o  col lec ted .  The in-use condition of the  t i r e  is 

characterized by t read  depth, cupping, and pressure,  and t h e  suspected l o s s  

of pressure, damage t o  the  t i r e  and involvement of the  damage i n  accident  

causat ion a r e  a l s o  noted. 

2.3 Accident Population 

The accident  da ta  s e t  u t i l i z e d  i n  the  subsequent analyses conta ins  da ta  

from 760 accidents  meeting t h e  s e l e c t i o n  c r i t e r i a  and occurring between 

September 1, 1975 and Apri l  30, 1978 i n  h'ashtenaw County and t h e  s i x  Oakland 

County ju r i sd ic t ions  given e a r l i e r .  Of these  760 accidents ,  438 (58%) were 

single-vehicle acc idents  and 322 (429,) were two-vehicle acc i f  ents .  Of the  

322 two-vehicle accidents ,  da ta  were obtained on both vehic les  i n  284 cases,  

and da ta  were obtained on only one vehic le  i n  38 cases. The r e s u l t  is t h a t  

the  da ta  s e t  con ta i r s  1044 vehic les ,  438 (42%) of which were involved i n  

single-vehicle acc idents ,  and 506 (58%) from two-vehicle accidents .  Data 

a r e  missing, of course, on va r i ab les  even though the  vehic le  is contained i n  

the  f i l e ,  with t h e  r e s u l t  t h a t  the  number of vehic les  is reduced fu r the r  i n  

the  ana ly t i ca l  runs, p a r t i c u l a r l y  i n  those where severa l  va r i ab les  a r e  used. 

The majority--59%--of the  760 accidents  occurred a t  n ight ,  with 41% 

occurring during t h e  day. Of the  single-vehicle accidents ,  70% occurred a t  

night ,  whereas only 43.2% of t h e  two-vehicle acc idents  occurred a t  night.  

2.4 Drivers 

Of the  1044 vehic les  involved, eleven were parked c a r s  and one was a 

d r i v e r l e s s  moving vehicle,  leaving 1032 involved d r ive r s .  For a l l  

1 The requirement t h a t  both vehic les  of two-vehicle acc idents  meet the  
model-year and tow-away c r i t e r i a  r e s u l t s  i n  t h e  d ispropor t ionate ly  high 
number of s ingle-vehicle accidents .  



accidents ,  68% of t h e  involved d r ive r s  were r a l e .  This  increases t o  74% f o r  

male involvements i n  n i g h t - t h e  accidents.  S imi lar ly ,  73% of the  d r ive r s  

involved i n  single-vehicle acc idents  were male. 

The mean age of a l l  d r i v e r s  is 31.4 years, and 43.7% of the  d r ive r s  a r e  

24 years  o ld  and younger. The youngest d r i v e r  is 1 4  years  old and t h e  

o l d e s t  is 83 years  old.  The percentage d i s t r i b u t i o n  of the  d r ive r s  by 

bracketed age is given i n  Table 1. 

Table 1 

Percentage Dis t r ibu t ion  of Crivers  by Age Group 

I 
N I ------- Age ------- 

114-17 18-20 21-24 25-29 30-39 40-59 60-83 

Alcohol was noted a s  an impairing f a c t o r  by the  accident  inves t iga tors  

f o r  28.8% of the  960 d r i v e r s  f o r  whom an "impaimlent" judgement was made, 

and "asleep" was noted f o r  an addi t ional  4.3% a s  shown i n  Table 2. A 

f u r t h e r  breakdown by number of vehic les  involved and a simple day/night 

dichotomy shows t h a t  alcohol  impairment was noted i n  47.9% of the  single-  

vehic le  accidents ,  and "alcohol" and "asleep" together  increase t h i s  t o  

57.1%. .As expected, fu r the r  subset t ing  of the  single-vehicle accidents  i n t o  

"day" and "night" ca tegor ies  shows t h a t  60.1% of the  single-vehicle, 

nighttime accidents  involve drinking t o  some degree. 

The extent  of impairment i n  those d r ive r s  f o r  whom alcohol was noted 

cannot be infer red  from t h e  data  on hand. This  is pr inc ipa l ly  because blood 

alcohol  content (BAC)--in quan t i t a t ive  terns--is r a re ly  determined f o r  

accident-involved d r ive r s  i n  Michigan. Only 18 d r ive r s  were t e s t ed ,  and 

r e s u l t s  were ava i l ab le  f o r  only 9 of these. Further ,  i t  is known t h a t  not 

a l l  d r ive r s  a r e  equally impaired a t  the  same BAC. Young d r ive r s  frequently 

experience g rea te r  impairment than do o lder  d r ive r s  a t  the  same BAC. Table 

3 shows t h e  d i s t r i b u t i o n ,  by age, of t h e  276 d r ive r s  f o r  whom impairment due 



Table 2 

Percentage D i s t r i b u t i o n  of Drivers  by Accident Subsets  
and Impairment 

------ - - - - - - - 

1 I Impairrent* 
Drivers  I N 1  --------------- 

I I None Alcohol Asleep Other 

I 
~ 1 1  . . . . . . I 960 i 64.0 

I I 
Sngl. Veh, D a y .  1 123 1 64.2 
sngl .  Veh, Night 1 288 1 31.9 

I I 
Sngl. Veh. . . . 1 411 1 41.6 

I I 
? t ~ o  Veh, Day . . 1 309 1 91.6 
?t.loTJeh, N i g h t .  1 240 1 66.7 

* Rows do not  add t o  100% because impairment is a mult iple-  
response v a r i a b l e  and one d r i v e r  may have two impairments ( i . e . ,  
a s l e e p  and d r ink ing ) .  

t o  dr inking was noted. The t a b l e  shows t h a t  drinking-impairment occurs  

among a l l  age groups, and t h e  d r i v e r s  i n  t he  21-24 year  age group account 

f o r  nea r ly  a q u a r t e r  of a l l  alcohol-impaired d r ive r s .  

Table 3 

Percentage D i s t r i b u t i o n  of Alcohol-Impaired 
Dr ivers  by Age Groups 

Table 4 shows t h e  frequency of a l l  d r i v e r s  by age and t h e  proport ion 

noted t o  be impaired by a lcohol .  The tabula ted  proport ion is t h e  number of 

alcohol-impaired d r i v e r s  (from Table 3)  i n  an age group divided by t h e  t o t a l  



number of accident-involved d r i v e r s  i n  t h a t  age group. I t  can be seen t h a t ,  

except  f o r  t h e  youngest and o l d e s t  age groups, t h e  alcohol-impaired 

propor t ion  ranges from about  one-quarter t o  one-third. P h i l e  i t  is h ighes t  

f o r  t h e  21-24 age group, i t  is only s l i g h t l y  h igher  f o r  t h i s  group than f o r  

t h e  30-59 yea r  groups. 

Table  4 

Frequency of  Dr ivers  and Propor t ion  of  Alcohol-Impaired 
Dr ivers  by Age Group 

I -------- Age 
I - --------- 
1 A l l A g e s  114-17 18-20 21-24 25-29 30-39 40-59 60-83 -- -+ ---------- - - 
I I 

LY . . 1 960 1 68 161 199 136 168 173 55 
I I 

Prop. 1 0.288 1 0 . 1 9 1  0.267 0.337 0.294 0.327 0.301 0.109 ------- -- ----- 

The purpose of t h e  foregoing d i scus s ion  is t o  provide a vantage p o i n t  

f o r  c o n s i d e r i q  t h e  d e t a i l e d  ana lyses  t h a t  a r e  presented subsequently.  The 

c e n t r a l  p o i n t  is n o t  t h a t  alcohol-impaired d r i v e r s  o r  young d r i v e r s  a r e  

common among accident-involved d r i v e r s ;  those  f a c t s  have been thoroughly 

demonstrated and d r i v e r  ana lyses  a r e  no t  t h e  focus of t h i s  repor t .  A 

conc lus ive  s tudy  of  d r i v e r  f a c t o r s  would r equ i r e  exposure ( c o n t r o l )  d a t a  on 

d r i v e r  factors--data no t  a v a i l a b l e  f o r  t h i s  p ro j ec t .  Nonetheless,  d r i v e r  

and veh ic l e  performance a r e  s o  c l o s e l y  coupled i n  t h e  vehicle-handling 

contex t  t h a t  i t  is meaningf u l  t o  cons ider  vehicle/driver-handling 

performance a s  a s i n g l e  e n t i t y .  The d r i v e r ,  i n  such a conceptua l iza t ion ,  

would be considered a component i n  t h e  same sense  a s  t i res,  brakes,  s t e e r i n g  

l inkages ,  and t h e  l i k e .  I n  t h i s  contex t ,  d i f f e r e n c e s  between acc ident  

subsets--such a s  s ing le -vehic le  ve r sus  two-veh i c l e  accidents-are shown more 

sharply by d i f f e r e n c e s  i n  t h e  age and a lcohol  f a c t o r s  than they a r e  by 

d i f f e r e n c e s  i n  t h e  t i res  d iscussed  i n  t h e  subsequent s ec t i ons .  

2.5 Control  Populat ion 

One of t h e  bas i c  a n a l y t i c  techniques i n  t h e  fol lowing s e c t i o n s  is t h e  



comparison of t he  acc ident  sample with a cont ro l  population on se l ec t ed  

va r i ab l e s  ava i l ab l e  f o r  both p p u l a t i o n s .  The purpose of t h i s  comparison is 

t o  determine over representa t ion  ( o r  underrepresentat ion)  of these  v a r i a b l e s  

i n  t he  acc ident  sample, compared t o  an a t - r i sk  population of non-accident- 

involved vehic les .  

Since Play, 1975, HSRI has pa r t i c ipa t ed  i n  t he  eva lua t ion  of t he  

Michigan checklane veh ic l e  inspect ion Frogram. During the  summer of 1975, 

t i r e  pressures  were measured on a random sample of a l l  veh ic l e s  stopped a t  

S t a t e  Pol ice  random checklane s i t e s  i n  Monroe and Jackson Counties. These 

da t a ,  used a s  a sample of a con t ro l  populat ion,  he re  compared with accident- 

involved vehic les ,  and t h e  r e s u l t s  were given i n  t h e  f i r s t  in te r im report .  

Durirg t h e  summer of 1976 t h e  S t a t e  Po l i ce  checklane s i t e s ,  mainly 

' feeder '  rou tes  wi th  adequate t r a f f i c  flow, were re-sampled i n  Jackson 

County. I t  becane poss ib le ,  with t h e  cooperat ion of t he  Michigan S t a t e  

Pol ice ,  t o  ga ther  a small  amount of add i t i ona l  da t a  on checklane vehic les .  

A form designed t o  o b t a i n  more d a t a  pe r t i nen t  t o  t h e  cu r r en t  s tudy was 

f i l l e d  ou t  on randomly se l ec t ed  vehic les .  A copy of t h i s  form with se l ec t ed  

un iva r i a t e  percentages r a y  be found i n  Appendix A. The da t a  represent  

pr imar i ly  passenger c a r s ,  although some l i g h t  t rucks  and u t i l i t y  veh ic l e s  

a r e  a l s o  included. These da t a  on 1430 veh ic l e s  have been used f o r  

comparison with t h e  acc ident  population i n  t h e  following sec t ions .  

I d e a l l y  t h e  con t ro l  sample used f o r  comparison with t h e  acc ident  sample 

would be obtained frcm t h e  same county, l oca l e ,  and t i n e  a s  t h e  acc ident  

population of vehic les .  However, t h e  Jackson County comparison population 

provided a convenient sample a t  no c o s t  t o  t he  p ro j ec t  and is c e r t a i n l y  

b e t t e r  than any a l t e r n a t i v e s  ava i lab le .  



3.0 RESULTS 

This sec t ion  presents  r e s u l t s  from analyses of the  cases now i n  t h e  

d i g i t a l  f i l e .  The d i g i t a l  f i l e  contains 1054 vehic les  a s  of June 1, 1978. 

Of these,  1044 f u l l y  met the  study c r i t e r i a .  (The o ther  1 0  vehic les  were 

included because data  c o l l e c t i o n  had been completed and the  data  serve the  

injury-causation port ions of the  overa l l  s tudy) .  Univariate d i s t r i b u t i o n s  

of t i r e  va r i ab les  and o the r  se lec ted  var iables  of i n t e r e s t  a r e  a l s o  

contained i n  t h i s  sec t ion  as  well  a s  analyses of se lec ted  var iables  

per ta in ing t o  t i r e s .  T i r e  c h a r a c t e r i s t i c s  examined a r e  (1) i n f l a t i o n  

pressures,  ( 2 )  mixes of carcass  type, and (3)  remaining tread depth. 

The bas ic  a n a l y t i c  technique involves comparison of various subsets  of 

the  accident  population and comparison of the  accident p p u l a t i o n  t o  a 

cont ro l  population. The objec t  of the  ana lys i s  is t o  compare accident- 

involved vehic les  with " a t  r isk" vehic les  on se lec ted  va r i ab les  to .de te rn ine  

overrepresentat ion o r  underrepresentation of t i r e  parameters i n  the  accident  

population. The f i r s t  method, using subsets  of the  accident  population, 

uses the  "induced exposure" technique while the  second method, comparison 

with a cont ro l  population, uses a group external  t o  the  accident  population. 

Measurement of overrepresentat ion by comparing two populations is a 

common and appropriate ana ly t i ca l  technique. There a r e  czutions t h a t  should 

be observed i n  its use, however. Determination of r e a l  d i f ferences  between 

the  populations-rather than observed d i f ferences  r e su l t ing  from chance-is 

based on methods of s t a t i s t i c a l  inference. I f  s t a t i s t i c a l  s ign i f i cance  is 

achieved, two quest ions must be addressed. One is whether t h e  d i f ferences ,  

even i f  r e a l ,  a r e  o ~ e r a t i o n a l l y  s i g n i f i c a n t ,  i .e . ,  a r e  important o r  

relevant .  The second is whether the re  is t r u l y  a de terminis t ic  

r e l a t i o n s h i p - a  causal  effect-as opposed t o  co r re la t ion  with an 

unidentif ied causal f a c t o r  whose influence has been ne i the r  cont ro l led  f o r  

nor studied. 



3.1 Univar ia te  D i s t r i b u t i o n s  of  Se lec ted  Var iab les  - 

The d i s t r i b u t i o n s  of  t h e  p r i n c i p a l  variables--other than i n f l a t i o n  

p re s su re  and t r e a d  depth-which have been added t o  t h e  d a t a  c o l l e c t i o n  f o n  

s p e c i f i c a l l y  f o r  t h e  vehicle-handling s tudy a r e  presented i n  Table 5. The 

t o t a l  number of c a s e s  is 1044 and thus  e n t r i e s  of 0.1 and 0.2 i n d i c a t e  

f requencies  of 1 and 2 ,  r e spec t ive ly .  

Table 5 

D i s t r i b u t i o n s  of Se lec ted  Var iab les  i n  
Percent  of Cases 

-------I_---- - - - -  
I. Var iab les  on Infneels and T i r e s  --- ----------I_----------- 

I , r i r e  P o s i t i o n  
Var iab le  I-- ---_-__----- 

I LF I RF I LR I RR --------- -I---------+-- .---+--- 
WheelC.E.? I I 1 I 
(1) Yes 1 98.8 I 98.2 1 97.8 1 98.1 
( 2 )  No 1 0.3 I 0.6 1 0.6 1 0.5 
(9)  Unknown 1 1.0 1 1.2 1 1.6 1 1.4 

I I I 
Nheel Damaged? I I 1 1 
(1) Yes 1 12.6 1 12.5 1 6.1 1 5.8 
(2)  No 1 86.9 1 86.5 1 92.3 I 93.4 
(9)  Unknown I v.5 I 1.0 I 1.0 1 0.8 

I I I I 
T i r e  Tread Type 1 I I I 
(1) Regular I 96.4 1 96.1 1 81.5 1 81.6 
( 2 )  Nowstudded Snow 1 3.3 1 3.3 1 17.5 1 17.5 
(9 )  Unknown 1 0.2 1 0.4 1 0.6 1 0.8 

T i r e  Intended Use 
(1) Passenger Car 
(2)  Light  Truck 
(9)  Unknown 

T i r e  Load Range 
(2)  B 
(3)  c 
(4) D 
(5) E 
(9)  Unknown 



Table 5 (Continued) 

I T i r e  P o s i t i o n  
Var iab le  I -__.-I_-_._.------- 

I LF I RP I LR I RR 
I -- 

I I 1 I 
T i r e  Retread? I I I I 
(1) Yes 1 0.2 1 0.3 1 0.4 1 0.2 
(2 )  No 1 98.5 1 98.1 1 97.7 / 97.3 
(9)  Unknown 1 1.3 1 1.6 1 1.9 1 2.5 

I I I I 
T i r e  Tube? I I 1 I 
(1) Yes I u.6 1 0.6 1 1.0 1 0.8 
(2)  No 1 97.7 1 97.3 1 96.9 1 96.6 
(9)  Unknown 1 1.3 1 2.1 1 2.1 1 2.7 

I I I I 
'Tire Carcass Type I I 1 I 
(1) Bias Ply 1 18.5 1 18.9 1 19.3 1 18.9 
(2)  Belted-Bias P ly  1 25.6 1 24.7 1 24.3 1 24.6 
(3)  Radial Ply 1 54.8 1 54.6 1 54.0 1 54.1 
(9) Unknown I 1.1 I 1.a 1 2.4 1 2.4 

I I I I 
cupping? I I I I 
(1) Yes 1 2.7 1 2.5 1 1.8 / 1 .5  
(2)  No 1 95.2 I 94.8 1 95.5 1 '96.0 
(9)  Unknown 1 1.8 1 2.7 1 2.6 1 2.5 

I I I I 
P ressure  Loss I I I I 
S u s ~ e c t e d ?  I I I 1 
(1) None 1 81.2 1 8 2 . ~  I $9.9 1 91.1 
(2)  Pre-Crash I 0.1 I 0.1 I 0.1 ! 0.1 
(3)  A t  Crash 1 15.2 1 14.3 1 5.3 1 5.5 
( 4 )  Pos t  Crash 1 0.2 1 0.2 1 0.1 1 0.2 
(5)  Loss Unknown Time 1 3.1 1 3.1 1 3.0 1 2.7 
(9)  Unknown If Loss 1 0.2 1 0.4 1 0.6 1 0.5 

I I I I 
Ti r e  Damaged? I I I I 
(1) Yes 1 6.7 1 6.2 1 2.5 I 2.5 
(2 )  No 1 90.8 1 90.2 I 9G.1 1 96.2 
(9)  Unknown 1 2.4 1 3.5 1 1.4 1 1.3 

I I I I 
Darnage Contr ibutory I 1 I I 
t o  Accident? I I I I 
(1) Yes I 0.1 I 0.0 I 0.0 I 0.C 
(2)  No 1 7.8 1 8.3 1 2.7 1 2.9 
(3)  Not Applicable  I I I I 

(No Damage) 1 90.6 1 90.2 1 96.0 1 96.2 
(9) Unknown 1 1.5 1 1.4 1 1.3 1 1.0 



Table 5 (Continued) 

11. Vehicle Var iab les  

Variable  Percent  of Vehicles  

S teer ing  hheel  Or ig ina l  Equipment? 
(1) Orig ina l  Equipment 
(2) Non-or ig  i n a l  Equi p e n t  
(9) Unknown 

Glazing Obstruct ions? 
(1) Glazing Obstruct ions 
(2) No Glazing Obstruct ions 
(9) Unknown 

S u s p n s i o n  Al t e ra t ions?  
(1) Suspension Al t e ra t ions  
(2)  No Suspension A l t e r a t i o n s  
(9)  Unknown 

Fuel Level? 
(1) F u l l  
(2) 3/4 
(3) 1/2 
(4 )  1/4 
(5)  Empty 
(9) Unknown 

Air Conditioning? 
(1) Air  Conditioning 
(2)  No Air Conditioning 
(3) Unknown 

Cargo? 
(1) Cargo 12.1 
(2) No Cargo 83.4 
(9) Unknown 4.5 - - - - - - -  ..................... 



3.2 T i r e  I n f l a t i o n  Pressure  - 
T i r e  i n f l a t i o n  p re s su re  is one of t he  most important f a c t o r s  t h a t  

determines t i r e  performance, and it is by f a r  t h e  most important such 

v a r i a b l e  completely under con t ro l  of t h e  m t o r i s t .  I n  t h i s  s e c t i o n  t i r e  

pressures  of t he  acc ident  and checklane samples a r e  discussed,  and pressure  

compariscns between acc ident  subse t s  and between t h e  acc ident  and checklane 

samples a r e  presented.  

3.2.1 Accident Comparisons - on Environmental Variables .  Environmental 

d a t a ,  co l l ec t ed  from t h e  scene of each acc ident ,  include seve ra l  roadway, 

weather,  and loca t ion  v a r i a b l e s  which p o t e n t i a l l y  could be r e l a t ed  t o  

veh ic l e  cont ro l .  Subse ts  of t h e  acc iden t  populat ion,  formed by t h e  l e v e l s  

of t h e s e  environmental v a r i a b l e s ,  were t e s t e d  by t h e  a n a l y s i s  of var iance  

technique (ANOVA) t o  s e e  i f  t h e  mean t i r e  pressures  and mean t i r e  pressure  

d i f f e r e n t i a l s  i n  t h e  above mentioned subse t s  were s i g n i f i c a n t l y  d i f f e r e n t .  

Three pressure  d i f f e r e n c e  v a r i a b l e s  were a l s o  computed f o r  veh ic l e s  which 

have n e i t h e r  missing d a t a  nor a f l a t  t i r e  i n  any t i r e  p s i t i o n .  Front-to- 

r e a r  d i f f e r e n c e  is t h e  maximum d i f f e r e n c e  between the  two f r o n t  t i r e s  and 

t h e  two r e a r  t i r e s ,  i . e . ,  t h e  l a r g e s t  of t h e  abso lu t e  va lues  of t h e  

d i f fe rences .  Side-to-side d i f f e r e n c e  is t h e  maximum d i f f e r e n c e  in  t h e  two 

r i g h t  t i r e s  and two l e f t  t i r e s .  The t h i r d  va r i ab l e ,  mximum d i f f e rence ,  

r ep re sen t s  t h e  maximum pressure  d i f f e r e n t i a l  between any two t i r e s  on t h e  

c a r  and is, i n  e f f e c t ,  t h e  maximum of t h e  two previous v a r i a b l e s  f o r  each 

vehic le .  

Most environmental v a r i a b l e s  d id  not  produce s i g n i f i c a n t l y  d i f f e r e n t  

s u b s e t s  ( a t  t he  0.05 l e v e l )  of t h e  acc ident  populat ion when t e s t e d  on t h e  

d i f f e r e n c e  v a r i a b l e s  mentioned above. Among t h e s e  n o w s i g n i f i c a n t  va r i ab l e s  

were type of road s u r f a c e  ( a spha l t ,  concre te ,  e t c . ) ,  ho r i zon ta l  and v e r t i c a l  

roadway al ignment ,  p r e c i p i t a t i o n  t y p  and r a t e ,  roadway su r f ace  condi t ion ,  

and t h e  d e s c r i p t i v e  v a r i a b l e  "Case Vehicle  Speed." The mean t i r e  pressure  

d i f f e r e n t i a l s  of t h e  s u b s e t s  def ined by t h e  l e v e l s  of t hese  v a r i a b l e s  were 

not  s i g n i f i c a n t l y  d i f f e r e n t .  

The d e s c r i p t i v e  v a r i a b l e  "Ran Off The Roadway Before F i r s t  Impact" is 

shown i n  Table 6. Th i s  v a r i a b l e  is coded 'Yes' when t h e  case veh ic l e  leaves  

t h e  normal t r a v e l  l anes  of t he  roadway before  f i r s t  impact (although t h e  



veh ic l e  may subsequent ly r e t u r n  t o  t h e  roadway during t h e  c o l l i s i o n  phase) .  

The d i f f e r e n c e  v a r i a b l e s  a r e  a l l  s i g n i f i c a n t  a t  t h e  5 percent  l e v e l  with t h e  

d i f f e r e n c e  v a r i a b l e  means of t h e  v e h i c l e s  running o f f  t h e  road about  1 p s i  

higher  than those  not  running o f f  t h e  road. Of t h e  176 veh ic l e s  which ran 

o f f  t h e  road, 159 were s ingle-vehicle  acc iden t s ,  while  of t h e  391 v e h i c l e s  

which d id  no t  run o f f  t h e  road, only 17 were s ingle-vehicle  acc idents .  

There was no s i g n i f i c a n t  d i f f e r e n c e  between t h e  mean p re s su re  d i f f e r e n c e s  on 

veh ic l e s  i n  s ing le-vehic le  c rashes  when subse t  on "Ran Off The Road." Only 

seven veh ic l e s  involved i n  mult i -vehicle  c rashes  ran o f f  t h e  roadway before  

impact and t h e  mean p s i  d i f f e r e n c e s  of t hese  veh ic l e s  were more than 2 p s i  

higher  than  v e h i c l e s  involved i n  mult i -vehicle  c rashes  which d id  not  run o f f  

t h e  road. Th i s  d i f f e r e n c e ,  however, is not  s t a t i s t i c a l l y  d i f f e r e n t  due t o  

t he  small  c e l l  s i z e .  

Table 6 
Mean Tire-Pressure-Difference Var iab les  Subset 

on Ran Off t h e  Road Before F i r s t  Impact 

I-----------------__.----- - - _ -  
I RanOff  I I I I S ig  . 

Variable  I t heRoad  I N 1 Mean I S.D. 1 ( F S t a t i s t i c )  
-------- f-- ----- +-- +3----+--- +3-------- 

I I I I I 
Side-to-side I Yes 1 1 7 6  1 6 . 1 7  1 5 . 9 1  1 0.035 
Dif fe rence  I No 1 391 1 5.15 1 5.09 1 

I I i I I 
Front-to-rear I Yes 1 175 1 5.33 1 5.12 I 0.021 
Dif fe rence  I N o 1 391 1 5.20 1 5.05 1 

I I I I I 
Maximum 1 Yes 1 176 1 6.52 1 6.22 1 0.031 
Dif fe rence  I No 1 391 1 5.43 1 5.28 1 

(Vehicles with missing da t a  on one o r  more t i r e  pressures  o r  with 
non-load range E t i r e s  a r e  excluded) 

The "Surface S l ippery"  v a r i a b l e - w i t h  l e v e l s  yes ,  no, and unknown--is 

shown i n  Table  7 f o r  t h e  t h r e e  d i f f e r e n c e  v a r i a b l e s  prev ious ly  descr ibed.  

The s i g n i f i c a n c e  is based on t h e  comparison of t h e  means and s tandard  

dev ia t ions  of t h e  s u b s e t s  def ined  by t h e  yes and no responses. The mean 

t i r e  pressure  d i f f e r e n t i a l  of v e h i c l e s  on s l i p p e r y  roads was s i g n i f i c a n t l y  

h igher  than those  on non-slippery roads i n  t h e  previous in te r im r e p o r t  but  



is no longer so.  The increase  i n  t h e  da t a  s e t  s i z e  r e su l t ed  i n  increas ing  

t h e  mean p re s su re  d i f f e r e n t i a l s  of veh ic l e s  on nori-slippery roads while  

lowering t h e  means of  t h e  p re s su re  d i f f e r e n t i a l s  on s l i p p e r y  roads. 

Table 7 
Mean T i r e  Pressure  Dif fe rence  Var iab les  

Subset on Surface S l ippery  

I Surface I I I I Sig. 
Var iab le  I S l i ppe ry  I N I Mean 1 S.D. I (F S t a t i s t i c )  

I 
Side-to-side I 
Difference I 

I 
I 

Front-to-rear I 
Difference  I 

I 
I 

Maximum I 
Difference 1 

1 

I I I I 
I I I I 

Yes 1 1 5 0  1 5 . 9 6  1 5 . 6 8  1 0.202 
N o I 388 1 5.29 1 5.33 1 

I I I I 
I I 1 I 

Yes 1 150 I 6.13 1 5.95 1 0.150 
No 1 388 1 5.37 I 5.30 1 

I I I I 
I I I I 

Yes 1 1 5 0  1 6 . 3 4  1 6 . 0 6  I 0.157 
No 1 388 I 5.57 1 5.52 1 

(Vehicles  with missing da t a  on one o r  more t i r e  pressures  or  with 
non-load range B t i r e s  a r e  excluded) 

I n  Table 8 t h e  mean maximum pressure  imbalance is compared f o r  veh ic l e s  

i n  s ing le-  and two-vehicle acc iden t s  on s l i p p e r y  and non-sl i p p e r j  roads. 

There a r e  6 ind iv idua l  comparisons of p a i r s  of means t h a t  a r e  poss ib le  with 

t h e  d a t a  i n  Table 8 .  None of t hese  is s i g n i f i c a n t  a t  t h e  0.05 p r o b a b i l i t y  

l e v e l .  Nor does an F-test  using ANOVA f o r  t h e  e n t i r e  t a b l e  i n d i c a t e  

s i g n i f i c a n t  d i f f e r e n c e s  between t h e  four  ind iv idua l  groups. 

Many t e s t s ,  using t h e  a n a l y s i s  of var iance  technique, were a l s o  done on 

combinations of pressure  d i f f e r e n t i a l s ,  t read  depth,  and environmental 

va r i ab l e s .  Very few of t hese  produced s i g n i f i c a n t  d i f f e r ences .  Most of 

t h e s e  t a b l e s  a r e  no t  included i n  t h e  present  r epo r t  because of t h i s ,  and 

those t a b l e s  which a r e  included m y  o r  may no t  have opera t iona l  meaning. 

To i n v e s t i g a t e  t h e  i n t e r a c t i o n  of t r ead  depth and t i r e  p re s su re  

imbalances, t h e  minimum t r e a d  depth ( i n  groove #3) of t h e  four  t i r e s  on each 



Table 8 
Mean of Maximum Pressure  Dif fe rences  f o r  Vehicles  

i n  S ing le  and Multi-Vehicle Accidents on 
S l ippery  and Not-sl ippery Roads 

----------------------------- 
I S ing le  I Mu1 t i 

Surf ace I ---- ------ + ----------- 
Sl ippery  I N Mean S.D. Sig. I N Mean S.D. ~ i g .  --- .+--------------+---------- ------ - 

I I 
Yes 1 49 6.54 6.58 1 81 6.09 5.61 

I I 
No 1 110 5.27 5.85 0.699 I 278 5.29 5.37 0.244 

veh ic l e  was determined. Table 9 shows mean maximum pressure  imbalances f o r  

groupings of minimum t r ead  depths  dichotomized on s u r f a c e  s l i p p e r y  a s  wel l  

a s  t h e  mean iinbalances f o r  a l l  sur faces .  Table 9 is h ighly  s i g n i f i c a n t  

(0.0000) and ind ica t e s  t h a t  veh ic l e s  on non-slippery roads with a t  l e a s t  one 

t i r e  with 0-2/32 inch o r  l e s s  t read  have the  h ighes t  mean t i r e  pressure  

imbalances (10.08 p s i ) ,  and veh ic l e s  on s l i p p r y  roads, with t h e  sme 

minimum t read  depth, have t h e  next  h ighes t  mean p re s su re  imbalance (9.57 

p s i ) .  This  is the  r eve r se  of t h e  f ind ing  i n  t he  previous r epo r t  where 

veh ic l e s  on s l i p y e r y  roads had higher  p s i  d i f f e r ences .  I f  veh ic l e s  i n  

multi-vehicle acc iden t s  a r e  removed from t h e  dichotomized po r t ion  of Table 9 

t h e  t a b l e  is no longsr  s i g n i f i c a n t  ( s ig .  = 0.0589) , but  i f  s inqle-vehicle  

acc iden t s  a r e  removed ( leaving  only veh ic l e s  i n  multi-vehicle acc idents )  t he  

t a b l e  remains s i g n i f i c a n t  ( s ig .  = 0.0036). J u s t  a s  i n  Table 8 ,  t h e  nean 

pressure  imbalance of single-vehicle-accident involved veh ic l e s  not  on 

sl i p p r y  roadways is higher  than mult i-vehicle-accident involved veh ic l e s  on 

any su r f ace  and p a r t i a l l y  accounts f o r  t h e  lack  of  s ign i f i cance  f o r  s ing le-  

veh ic l e  acc iden t s  only. The mean d i f f e rences  f o r  veh ic l e s  on a l l  su r f aces  

is s i g n i f i c a n t l y  d i f f e r e n t  (s ig .= 0.0000) by t r ead  depth groupings and 

ind ica t e s  t h a t  su r f ace  condi t ion  is not t he  c r i t i c a l  f a c t o r ,  hu t  r a t h e r  

simply t h a t  t i r e  pressure  imbalance on a vehic le  is c o r r e l a t e d  wi th  t r ead  

depth. Unlike t h e  upper s e c t i o n ,  t h e  lower po r t ion  of Table 9 is 

s i g n i f i c a n t  f o r  both s ingle-vehicle  and mclt i -vehicle  acc idents .  

The maximum placard  d i f f e r e n c e  va r i ab l e ,  der ived by taking t h e  minimum 



Table 9 

Mean of Maximum Pressure  Dif fe rence  of Accident 
Vehicles  by Tread Depth and Surface  Condition 

Minimum Tread Depth 
(groove #3) of 4 t i r e s  

Surf ace  I I -- ------------ 
I I 0-2/32 3-5/32 6-8/32 9+/32 ------ + ---- + ----- ----------- - 
I N I 14 3 9 5 0 31 

Sl ippery  I Mean 1 9.57 6.87 6.04 4.06 
I SD 1 9.27 7.34 4.27 4.04 
I I 
I N I 24 80 145 98 

Not -Sl ippry  I Mean I 10.08 6.51 5.49 4.07 
I SD 1 8.67 7.21 4.55 3.96 
I I 

s i g .=  0.0000 1 I 
----- .+.-- -- I 

I I 
I N I 40 124 206 137 

A l l s u r f a c e s  I Mean 1 9.93 6.55 5.61 4.12 
I SD 1 8.58 7.12 4.43 4.04 
I I 

s ig .=  0.0000 1 I 
U _ - - - _ . _ - - - - - - - _ . _ - - - -  

pressures  i n  t h e  f r o n t  and r e a r ,  s b t r a c t i q  them from t h e  respec t ive  

manufacturers '  recommended pressures  ( a t  maximum l o a d ) ,  and then taking t h e  

l a r g e r  of t h e  two d i f f e r e n c e s  f o r  each veh ic l e ,  is shown i n  Table 10. I n  

t h i s  case ,  veh ic l e s  having acc iden t s  on s l i p p e r y  roads had s i g n i f i c a n t l y  

higher  ( s i g  .= 0.0005) m a n  ti r e  pressure  dev ia t ions  from reconmended 

pressure  than those  on non-sl ippery roads. 

Table 10 

Mean of Maximum Placard Dif fe rences  by Surface Condition 

- --- ----- - - - - - - - -  
I I N Mean SD Sig. ----- +--t-------- ------- 

Surface I Yes 1 127 6.57 5.83 0.0005 
S ~ ~ P F ~ V  I I 

I No 1 342 4.57 5.33 
- - - - _ _ I - - - - - - - - - - - -  



Another t i r e  p re s su re  d i f f e r e n c e ,  t h e  d i f f e r e n c e  between the  mean f r o n t  

and mean r e a r  t i r e  pressures  was a l s o  derived.  This  d i f f e r e n c e  is, of 

course,  h ighly  c o r r e l a t e d  with o the r  t i r e  p re s su re  d i f f e r e n t i a l s ,  bu t  i t  was 

found not t o  be s i g n i f i c a n t l y  d i f f e r e n t  on l e v e l s  of t h e  environmental 

v a r i a b l e s  previously d iscussed .  The c o l l i s i o n  conf igura t ion  v a r i a b l e ,  

however, d id  have s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  between types  of 

c o l l i s i o n s  (f=2.45, s i g .  =0.024) , but  t he  d i f f e r e n c e s  i n  t h e  means were l e s s  

than  1 p s i  

3.2.2 Accident Populat ion Subsets.  I n  Table 11 s u b s e t s  of t h e  

acc iden t  populat ion,  a s  def ined by c o l l i s i o n  conf igura t ion ,  a r e  compared on 

t h e  t h r e e  p re s su re  imbalance va r i ab l e s .  Single-vehicle acc iden t s  have the  

h ighes t  pressure  imbalances of any of  t h e  con f igu ra t ion  s u b s e t s ,  although 

t h e  s ingle-vehicle  t o  non-intersect ion comparison is not s t a t i s t i c a l l y  

s i g n i f i c a n t .  

Table 11 

Comparison of Accident Subse ts  on Mean Pressure  Dif fe rences  

I I I Now I Now 
Var. lSngl Multi  Sig.  lSngl I n t .  Sig. ISngl i n t  S ig .  I In t .  I n t  Sig.  -- -+-- ----- -- +---- +----- --$------- 

I I I I 
Max. I I I I 
S-S I I I I 
Diff .  1 I I I 
N I 186 381 0.049 1 186 271 0.053 1 186 110 0.227 1 271 110 0.740 
Mean 16.11 5.16 16.11 5.11 16.11 5.30 15.11 5.30 
S.D. 15.79 5.14 15.79 5.15 15.79 5.13 15.15 5.13 

I I I I 
Flax. I I I I 
I?-R 1 I I I 
Diff .  1 1 I I 
N 1 186 381 0.0301 186 271 0.0371 186 110 0.1651 271 110 0.787 
Mean 15.25 5.21 16.26 5.16 16.26 5.32 15.16 5.32 
S.D. 15.99 5.10 15.99 5.17 15.99 4.93 15.17 4.93 

I I 1 I 
Max. I I I I 
Diff .  I I I 1 
bJ 1 186 381 0.0421 186 271 0.0501 186 110 0.1961 271 110 0.778 
Mean 15.45 5.43 16.45 5.39 15.45 5.55 15.38 5.55 
S.D. 16.08 5.34 16.08 5.43 15.08 5.14 15.43 5.14 



The manufacturers ' recommended ti r e  pressures  ( a t  maximum load)  minus 

t h e  a c t u a l  t i r e  p re s su re s  a r e  shown by t i r e  p o s i t i o n  f o r  t h e  acc ident  

populat ion subse t s  i n  Table 12.  Negative mean va lues  a r e  t h e  r e s u l t  of 

average t i r e  pressures  higher  than those  recommended. 

Most of t h e  comparisons a r e  not  s t a t i s t i c a l l y  s i g n i f i c a n t  and t h e  means 

f o r  t h e  s u b s e t s  a r e  q u i t e  s i m i l a r .  Only t h e  right-f ron t  t i r e  comparisons 

between s ingle-vehicle  vs .  multi-vehicle and s ingle-vehicle  vs.  i n t e r s e c t i o n  

acc iden t s  a r e  s i g n i f i c a n t .  These c e l l s  represent  t h e  lowest means ( s i n g l e  

veh ic l e )  compared with t h e  h ighes t  f r o n t  means (mult i -vehicle  and 

i n t e r s e c t i o n  a c c i d e n t s ) .  The opera t iona l  s ign i f i cance  of t hese  d i f f e r ences  

is unclear .  Mean r ea r  p re s su re  d i f f e r ences  a r e  a l l  2-3 ps i  below 

recommended pressure.  Th i s  is probably a r e s u l t  of t he  f a c t  t h a t ,  f o r  

maximum loading,  r ea r  reconriended pressures  a r e  gene ra l ly  higher  than f r o n t  

recommended pressures .  

Table 1 2  

Manufacturers '  Recon~ended PSI 
( a t  Maximum Loading) Minus Actual PSI by 

T i r e  P o s i t i o n  f o r  Accident Populat ion Subsets  

------- --- --------- - 
I 1 I Now 1 Non- 

T i r e  I Sngl Multi S ig ,  / Sngl I n t  Sig. 1 Sngl I n t  Sig. 1 I n t  I n t  Sig.  -- $-------- f----- ---- +-- 
I I I I 

LF I I I I 
N 1 255 420 0.151 255 291 0.21 1 255 129 0.321 291 129 0.94 
Mean 1 0 . 1 6  0.85 I 0.16 0.83 1 0.16 0.88 1 0.83 0.88 
S.D. 1 6.82 5.83 1 6.82 5.65 1 6.82 6.24 1 5.65 6.24 

I I I I 
RF I I I I 
N 1 255 427 0,001 255 2990.001 255 1280 .121  299 1 2 8 0 . 2 5  
Mean 1 -.35 1.19 1 -.35 1.39 1 -.35 0.73 1 1.39 13.73 
S.D. 1 6.54 5.47 1 6.54 5.25 / 5.54 5.95 1 5.25 5.95 

I I I I 
LR 1 I 1 I 
N 1 284 452 0.521 284 303 0.891 284 149 0.211 303 149 0.26 
Mean 1 2.90 3.19 1 2.90 2.97 1 2.90 3.66 / 2.97 3.66 
S.D. 1 6.06 5.08 / 6.06 6.18 1 6.06 5.88 16 .18  5.58 

I I I I 
RR I I I I 
N 1 279 462 0.761 279 3140.691 279 1480.991 314 1 4 8 0 . 7 5  
Mean 1 2.94 3.07 j 2.94 3.13 1 2.94 2.95 1 3.13 2.95 
S.D. 1 5.93 5.61 / 5.93 5.69 1 5.93 5.45 1 5.69 5.46 --- ------I_----_.- - I _ - - - - I  _ 



The comparisons involving i n f l a t i o n  pressure  d i f f e r ences  have s t r e s s 4  

d i f f e r ences  of a c t u a l  i n f l a t i o n  pressures  measured i n  the  f i e l d .  m i l e  t h e  

var ious  observed pressure  d i f f e r ences  have been cont ras ted  by part i t ionincj  

t h e  acc ident  d a t a ,  l i t t l e  has  been done t o  compare observed pressures  with 

manufacturers '  recommended pressure.  

Such comparisons a r e  appropr ia te  and indeed could be highly valuable ,  

but  have been severe ly  l imi t ed  by lack  of data .  Recommended pressures  a r e  

given on a placard on a l l  c a r s  i n  accordance with S4.3 of F,WSS 110. Most 

manufacturers have e l ec t ed  t o  l ist  t h e  recomaended i n f l a t i o n  pressures  f o r  

an "average" o r  "normal" load i n  add i t i on  t o  t h a t  required f o r  t h e  maximum 

load,  and t h e  d a t a  c o l l e c t i o n  protocol  includes recording t h e  placard da ta .  

The placard is usua l ly  a f f ixed  t o  t h e  in s ide  of t he  glove-box door, t h e  

r e a r  edge of a f r o n t  door ,  o r  t o  a B-pillar.  Unfortunately,  t hese  loca t ions  

a r e  f requent ly  inaccess ib le  t o  t h e  inves t iga to r  because t h e  glove-box o r  c a r  

is locked, o r  because doors a r e  jammed closed. Consequently, t h e  des i red  

da t a  a r e  missing on about 70 percent  of the  cases.  

Using published da t a ,  we have been a b l e  t o  ob ta in  t h e  reconmended 

pressure  f o r  maxiinurn load condi t ions  f o r  most vehic les  and reduce the  

missing da t a  t o  about 25 percent.  We have not  found a reference source f o r  

recommended i n f l a t i o n  pressures  f o r  "average" o r  "normal" loads. This  is 

unfortunate ,  a s  most c a r s  involved i n  acc idents  '(and probably i n  n o m a l  use) 

a r e  l i g h t l y  loaded. Since the  recommended pressures ,  and i n  p a r t i c u l a r  t h e  

front- to-rear  d i f f e r e n t i a l  t h a t  r e s u l t s  from recom,ended p rac t i ce ,  can vary 

s u b s t a n t i a l l y  between average and maximum load condit ions,  use of the  

maximum-load reconmendations can lead t o  inappropr ia te  inferences.  

Another method of p a r t i t i o n i n g  t h e  acc ident  populat ion,  using t h e  

weight of t h e  veh ic l e ,  a l s o  produced s i g n i f i c a n t  r e su l t s .  Table 1 3  shows 

t h e  mean maximum pressure  d i f f e r ences  f o r  1000-pund weight groupings of t h e  

accident  vehicles .  The mean pressure  d i f f e r ences  decrease a s  t h e  weight of 

t h e  c a r  increases .  The weight of t he  c a r  is co r re l a t ed  with the  s i z e ,  of 

course,  and comparisons of t he  acc ident  and con t ro l  p p u l a t i o n s  by s i z e  is 

made i n  t he  next sec t ion .  

3.2.3. Accident - .  vs. Checklane. Figure 1 shows t h e  d i s t r i b u t i o n s  of 

a l l  t i r e s  with va l id  pressures  f o r  t h e  acc ident  and con t ro l  populations.  



Table 1 3  

Kean Maximun Pressure  Difference f o r  
Accident Vehicles  by Weight 

---------------  ---- 
Weight N Mean S.D. Sig . 

0-2500 l b s .  7 9 7.43 6.22 0.007 
2501-3500 181 6.19 6.93 
3501-4500 224 5.24 4.57 
4501-5500 49 4.47 3.33 

I - - - - - - - - - l _ - l __ l_ ._ - I  

The d i s t r i b u t i o n s  a r e  s i g n i f i c a n t l y  d i f f e r e n t ,  ( s i g .  = 0.0001) with t h e  

acc ident  d i s t r i b u t i o n  being sonewhat " f l a t t e r "  than  the  con t ro l  

d i s t r i b u t i o n .  

Comparison of t h e  acc ident  populat ion and t h e  con t ro l  p p u l a t i o n  on 

a c t u a l  t i r e  pressure ,  by t i r e  pos i t i on ,  is shorm i n  Table 14. Three of t he  

four  comparisons a r e  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t he  5% l e v e l  with t h e  

acc ident  populat ion having a lower mean pressure  than the  checklane by about 

0.5 p s i  The fou r th  t i r e  pos i t i on ,  r i g h t  r e a r ,  is lower by 0.13 p s i  which is 

not  s t a t i s t i c a l l y  s i g n i f i c a n t .  The f ind ing  d i f f e r s  d r a s t i c a l l y  from t h e  

f ind ing  i n  t h e  f i r s t  in te r im repor t  where t h e  e a r l i e r  con t ro l  populat ion had 

pressure  means about 3 p s i  higher  i n  each t i r e  p s i t i o n .  We had pos tu la ted  

t h a t  t h e  pressures  i n  t he  f i r s t  con t ro l  populat ion were higher  (due t o  t h e  

condi t ions  under which t h e  pressures  were measured, h o t  vs.  cold. The new 

con t ro l  populat ion,  however, was measured i n  t h e  sane manner a s  t he  old and 

t h e  d i f f e r e n c e  between t h e  acc ident  and con t ro l  populat ions was still 

expected t o  e x i s t .  I t  is poss ib l e  t h a t  t h e  two con t ro l  populat ions were 

d i f f e r e n t ,  but  t h i s  is not  t he  n o s t  l i k e l y  explanat ion.  The d i f f e r e n c e  i n  

t i r e  pressure  gauges is t h e  more l i k e l y  explana t ion  s i n c e  t h e  gauges used in  

t h e  f i r s t  checklane were not  c a l i b r a t e d ,  while  t h e  gauges used by t h e  XSRI 

i nves t iga to r s  i n  t h e  second checklane were c a l i b r a t e 3  and known t o  be 

accurate .  

~ e s p i t e  t h e  s i m i l a r i t y  of a c t u a l  p re s su re s  i n  t h e  two populat ions,  t h e  

d i f f e r e n c e  of t i r e  p re s su re s  on wheels of  t h e  s m e  veh ic l e s  is bel ieved t o  

be t h e  b e s t  measure of t i r e  p re s su re  dev ia t ion ,  and we have continued t o  use 

t h e  d i f f e r e n c e  v a r i a b l e s  here.  Table 15  shows the  comparison of t h e  
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Table 14 

Accident and Checklane T i r e  P re s su res  
by T i r e  Pos i t i on  

- - - -- - - - - - - - - - - - - - -- - 

I Accident I Control I (F-stat . )  
T i r e  Pos i t i on  I--- --- .-,-------- $-- 

I N Mean S.D. I bl Mean S.D.1 Sig. 

acc ident  and con t ro l  populat ions on t h e  pressure  imbalance v a r i a b l e s  f o r  

1972-1977 vehic les .  A l l  t h r e e  v a r i a b l e s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  between 

t h e  two populat ions,  and t h e  accident-involved veh ic l e s  have h igher  p re s su re  

d i f f e r e n c e s  than t h e  con t ro l  populat ion f o r  each va r i ab l e .  

Subsets  of t h e  acc iden t  populat ion a r e  compared t o  t h e  con t ro l  

populat ion f o r  1972-1977 veh ic l e s  i n  Table 15. Only t h e  s ingle-vehicle  

subse t  is s i g n i f i c a n t l y  d i f f e r e n t  from t h e  con t ro l  populat ion and those  

d i f f e r ences  a r e  h ighly  s i g n i f i c a n t .  A comparison of t h e  two populat ions by 

model year  ( f o r  t h e  model yea r s  f o r  which both have d a t a )  is shown i n  Table 

17 on the same t h r e e  va r i ab l e s .  The acc ident  populat ion means a r e  h igher  

f o r  each of t h e  model yea r s ,  however only t h e  t h r e e  1972 c e l l s  and t h e  

front-to-rear and mximml d i f f e r e n c e  c e l l s  f o r  1973 a r e  s i g n i f i c a n t l y  

d i f f e r e n t  (P<.05). Comparisons of t h e  populat ions on the  d i f f e r ence  

v a r i a b l e s  with t h e  5 model years  p o l e d  a r e  s i g n i f i c a n t  a t  t he  0.01 l eve l .  

Comparisons of t h e  t i r e  pressure  imbalances f o r  t he  checklane sample 

a r e  presented i n  Table 18 and t h e  same c o m ~ a r i s o n s  a r e  presented i n  Table 19 

f o r  t h e  acc ident  sample. Pressure  inbalances a r e  s i g n i f i c a n t l y  d i f f e r e n t  by 

body type wi th in  each sample, and subcom~ac t s  and t ruck  (pickups, vans, 

u t i l i t y  veh ic l e s )  imbalances a r e  higher  i n  both da t a  s e t s .  A ce l l - to-ce l l  

comparison of t h e  two t a b l e s  showed no s i g n i f i c a n t  d i f f e r ence  between the  



Table 15  

Fean P re s su re  Di f fe rences  f o r  1972-1977 
Accident and Checklane Vehic les  

------- .................... 
Accident Checklane S ig  . 

--------_ll_-l_------------ 

Side-to-side 
Di f fe rence  

N 
Mean 
S.D. 

Front-to-fiear 
Di f fe rence  

N 
Mean 
S.D. 

Maximum 
Overa l l  
Di f fe rence  

N 
Mean 
S.D. 

two samples f o r  any body. 

Another s e r i e s  o f  tests was p r f o r m e d  on t h e  d i s t r i b u t i o ~ s  of  t h e  

d i f f e r e n c e  D formed by s u b t r a c t i n g  t h e  average of t h e  r e a r  t i r e  p r e s s u r e s  

from t h e  average of t h e  f r o n t  t i r e  p r e s su re s  f o r  each p s s e n g e r  c a r  i n  t h e  

checklane and acc iden t  samples.' The d i f f e r e n c e  D ranged from -14.5 p s i  t o  

t 1 5 . 5  p s i  f o r  522 checklane veh ic l e s ,  with a mean of  t0 .55  p s i  and a 

s tandard  d e v i a t i o n  of 3.1 p s i  Comparative f i g u r e s  f o r  t h e  501 accident-  

v e h i c l e s  a r e :  rafige, -12.5 p s i  t o  +24.5 p s i ;  mean, 10 .50  p s i ;  and s tandard  

dev ia t i on ,  4.5 p s i .  Li t t le  ope ra t i ona l  meaning waul3 be a t tacned  t o  a 

s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  between t h e  means o f  t h e  D measures f o r  

t h e  two samples even i f  such ex i s t ed .  The f a c t  is, however, t h a t  t h e  Yv;o 

Vehic les  i n  t h e  acc iden t  sample were excluded i f  any o f  t h e  fou r  t i r e s  
was suspected of having l o s t  p r e s su re  dur ing  t h e  acc iden t  sequence. 



Table 16 

Comparison of Accident Subsets  with t h e  Control Populat ion 
(Model Years 1972-1978) on Mean T i r e  Fressure  Differences 

Var. [ S i n g l e  Check Sig. / I n t e r  Check Sig. INon-Int Check Sig. 1 ~ u l t i  check Sig .  
-+--------+ ------ +----.+ I_f_------ 

I I I I 
S-s I I I I 
N 1 186 708 . O O  1 271 708 .12 1 110 7C8 .12 I 381 708 .06 
Mean 1 5.11 4.62 15.11 4.62 1 5.30 4.62 15.16 4.62 
S.D. 1 5.79 4.08 15.15 4.08 1 5.13 4.08 15.14 4.08 

I I I I 
F-R 1 I I I 
N 1 186 708 .00 I 271 708 .13 1 110 708 ,15 1 381 708 .07 
Mean 1 6.26 4.68 15.16 4.68 1 5.32 4.68 15.21 4.68 
S.D. 1 5.99 4.20 15.17 4.20 1 4.93 4.20 15.10 4.20 

I I I I 
pax. I I I I 
N 1 186 708 . O O  1 271 708 .13 1 110 708 .14 1 3e1 708 .06 
Mean 1 6.45 4.88 15.38 4.88 1 5.55 4.88 15.43 4.88 
S.D. I 6.08 4.29 15.43 4.29 1 5.13 4.29 15.34 4.29 

means do not  d i f f e r  i n  a s t a t i s t i c a l  sense,  and t h e  d i f f e r e n c e  i n  means of 

0.05 p s i  is of no opera t iona l  consequence. !lie note ,  however, t h a t  t h e  

p o s i t i v e  means of  t h e  C measures r equ i r e  t h a t ,  on t h e  average, t h e  f r o n t  

t i r e s  have higher  p re s su re s  than t h e  r e a r  t i r e s  f o r  both populat ions.  

The two D d i s t r i b u t i o n s  were a l s o  compared using F l o r a ' s  RIDITS' on 

grouped da t a  a s  shown i n  Table 20, and a l s o  using t h e  Mann-',\'hitney U- 

s t a t i s t i c  and t h e  median t e s t  s t a t i s t i c  on t h e  ind iv idua l  rreasurernents. The 

former was no t  s i g n i f i c a n t  a t  the  5% l e v e l  while  t h e  l a t t e r  two t e s t s  were 

s i g n i f i c a n t .  The d i f f e r e n c e  is such t h a t  t h e  checklane D d i s t r i b u t i o n  is 

"more p s i t i v e "  than the  acc ident  D d i s t r i b u t i o n .  I n  o the r  words, t h e  

checklane D d i s t r i b u t i o n  is somewhat t o  t h e  r i g h t  of t h e  acc iden t  D i n  a 

manner analogous t o  t h e  mean of t h e  checklane P (t0.55 p s i )  being more 

p o s i t i v e  and t o  t h e  r i g h t  of  t he  mean of t h e  acc ident  D (t0.50 p s i ) .  In  

terms of t i r e  p re s su re s ,  i t  can be in fe r r ed  t h a t  t h e  t rend  t o  having higher  

f r o n t  pressures  than  r e a r  pressures  is s t ronge r  i n  t h e  checklane sample than 

1 
J.D. F lora ,  J r .  "RIDITS: A N e w  Look a t  an Old Technique f o r  t h e  

Analysis  of Accident In ju ry  Data," HIT JA3 REPORTS, Vol. 5 ,  NO. 3 ,  Highway --  
Safe ty  Research I n s t i t u t e ,  The Univers i ty  of Michigan, November, 1974. 



Table 17 

Accident and Control Populat ions by 
Mean T i r e  Pressure  Differences by Model Year 

I S ide Dif f .  1 F t o  R Diff .  I Max,Diff. 
1 ------ + ----- + -------- 
I Acc. Check I Acc. Check I Acc. Check ------- .f-- ------ + ------- __t_---- 

1972 N 1 87 154 1 87 154 1 87 154 
Mean1 6.39 4.90 1 6.36 4.96 1 6.53 5.23 
S.D. I 5.62 3.94 1 5.94 4.04 1 6.29 4.18 

I I I 
1973 J 1 104 177 1 104 177 1 104 177 

Mean1 5.86 4.58 1 5.92 4.69 1 6.10 4.85 
S.C. 1 4.44 3.95 1 4.48 4.C5 ! 4.13 4.07 

I I I 
1974 N 1 112 164 1 112 154 1 1 1 2  164 

Mean 1 5.71 4.82 1 5.98 4.80 1 5.13 5.11 
S.D. 1 5.29 4.33 1 5.74 4.54 1 5.75 4.62 

I I I 
1975 N /  93 121 1 93 121 1 93 121 

Wean 1 5.47 4.65 1 5.48 4.71 1 5.66 4.92 
S.D. 1 5.85 4.53 1 5.79 4.63 1 5.90 4.73 

I I I 
1975 N I 96 92 1 96 92 1 96 92 

Mean 1 4.49 3.66 1 4.54 3.7G 1 4.75 3.88 
S.D. 1 4.02 3.31 1 4.00 3.44 1 4.06 3.57 

i n  t he  acc ident  sample, bu t  only s l i g h t l y  so. 

However, t he  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r ence  t h a t  has  been 

observed may have a r i s e n  from t h e  numerous observa t ions  i n  t h e  c e n t r a l  p a r t  

of t h e  D d i s t r i b u t i o n s  wherein t h e  small  p ressure  differences--2 o r  3 psi- 

have l i t t l e  rneaniq i n  a veh ic l e  dynamics context .  Therefore t h e  t a i l s  of 

t h e  two D d i s t r i b u t i o n s  were cor,pared i n  a s e r i e s  of 2 x 2 Chi-square t e s t s  

a s  shown i n  Table 21. I t  can be seen t h a t  only t h e  t e s t  of t h e  p o s i t i v e  

t a i l  of t h e  acc ident  D ve r sus  t h a t  of the  checklane &-with t h e  p o s i t i v e  
1 

t a i l  def ined by D>3.5 - --did not  show s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r ences  

between t h e  acc ident  and checklane samples a t  t h e  5 percent  l e v e l .  The 

negat ive t a i l  of more than 3.5 p s i  absolu te  d i f f e r ence  and both t h e  p o s i t i v e  

and n q a t i v e  t a i l s  o f  more than 5 p s i  abso lu t e  d i f f e r ence  a r e  s i g n i f i c a n t  a t  

Rear t i r e  p re s su re  l e s s  than  f r o n t  t i r e  pressure  by a t  l e a s t  3.5 p s i  

3 2 



Table 1$ 

Mean T i r e  P re s su re  Dif fe rences  by Model f o r  1972-1977 
Vehicles  i n  t h e  Control Populat ion 

Side-to-Side 
Dif fe rence  

Front-to-Rear Maximurn 
Dif fe rence  Difference 

F u l l  
N 
Mean 
S.D. 

Intermediate  
N 
Mean 
S.D. 

Compact 
N 
Mean 
S.E. 

Subcompact 
N 
Mezn 
S.D. 

Trucks 
N 
Mean 
S.D. 

S ig  . 0.0020 0.0004 0.0006 
- - - - - I _ - - - - - - _ . - - - - - - - - - -  

t h e  2 percent  l e v e l .  A l l  of t hese  observat ions support  t h e  inference  t h a t  

t h e  two D d i s t r i b u t i o n s  d i f f e r  i n  t h e  t a i l s  o f  t h e i r  d i s t r i b u t i o n s  a s  wel l  

a s  i n  t h e  c e n t r a l  regions. 

S t a t i o n  wagons c a r r y  a wide range of loads  compared t o  o the r  passenger 

ca r s .  Because of t h i s ,  t h e i r  handling p r o p e r t i e s  can d i f f e r  from o t h e r  

passenger c a r s ,  and vary over a wider range. These a t t r i b u t e s  m k e  the  

i n f l a t i o n  pressures  on wagons ~ a r t i c u l a r l y  i n t e r e s t i n g .  However, t he  nurnber 

of wagons i n  t h e  two d a t a  s e t s  is smal l ,  84 i n  t h e  acc ident  sample and 66 i n  

t h e  checklane s m p l e .  The wagons wi th  no pressure  l o s s  i n  t h e  acc ident  and 



Table 19 

Pean T i r e  P re s su re  Di f fe rences  by Model f o r  
1972-1977 Accident Vehic les  

......................... - - - -  - - - - -  
Side-to-Side Front-to-Rear Maximum 
Dif fe rence  Di f fe rence  Di f fe rence  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F u l l  
N 
Mean 
S.D. 

In te rmedia te  
N 
Mean 
S.D. 

Conpac t 
N 
Mean 
S.D. 

Sub-compact 
N 
Mean 
S.D. 

Trucks 
N 
Mean 
S.D. 

S ig  . 0.0015 0.0028 0. C025 
-I-------I------------ - - - -  - - -  

with  v a l i d  p re s su re  measurements on a l l  four  t i r e s ,  t h u s  permi t t ing  

computation of p re s su re  d i f f e r e n c e s  amen9 t h e  t i res  on a veh ic l e ,  number 45 

i n  t h e  acc ident  sample and 62 i n  t h e  checklane sample. 

A comparison of t h e  t a i l s  of t h e  d i s t r i b u t i o n s  of C f o r  s t a t i o n  wagons 

i n  t h e  acc iden t  and checklane s m p l e s  is shown i n  Table  22. The s t r u c t u r e  

of Table 22  is t h e  sane a s  Table 21, The r e s u l t s  a r e  s i m i l a r  t o  those  f o r  

passenger cars .  That  is, t h e  frequency of c a r s  wi th  r e a r  and f r o n t  means 

c~hich  d i f f e r  by more than  3.5 c r  5 p s i  ( t h e  t a i l s  o f  t h e  d i s t r i b u t i o n s  of D)  

is g r e a t e r  i n  t h e  acc iden t  sample than i n  t h e  checklane sample, IYhile none 



Table 20 

D i s t r i b u t i o n s  of Front Average PSI Minus 
Rear Average PSI (0) f o r  Accident and Checklane 

Samples of Passenger Cars 

---------- I I_--------------------  

I I Checklane I Accident 
I Pressure  Dif fe rence  I - - .-+------- 
I I n t e r v a l  ( Inc lus ive )  I N % I N  % ---- f------- ---- ,----- + --C--C--C--C--C- 

I I I 
I -15 -12 1 2  0.3 I 4 0.8 
I -11.5 - 9.5 1 5 0.8 I 6 1.2 
I - 8 - 5  1 12 1.9 1 21 4.2 

R>F I - 4.5 - 3 . 5  1 28 4.5 1 35 7.0 
I - 3 - 2  1 56 9.0 1 56 11.2 
I - 1.5 - 1  1 7 7  12.4 1 68 13.6 
I I I 
I - 0.5 t 0.5 1 189 30.4 1 122 24.4 
I I I 
1 1 1.5 1 78 12.5 1 57 11.4 
I 2 3 1 81 13.0 1 37 7.4 
I 3.5 4.5 1 41 6.6 1 27 5.4 

F>R I 5 8 1 44 7 .1  1 44 8.8 
I 8.5 11.5 ' 1 5 1.0 1 10 2 .0  
I 12 1 5  1 2 0.3 1 9 1.8 
I 15.5 24.5 1 1 0.2 1 5 1.0 

I 
To ta l  1 

2 
RIDITS Test:  Odds Rat io=l . ld ,  Sig. Level=0.058; X s i g .  = O.COC4 

of t h e  comparisons 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  because of t he  small  number 

of cases ,  t h e  r e s u l t s  a r e  comparable t o  those shown i n  Table 2 1  bu t  with 
1 even g r e a t e r  d i f f e r ences  between the  two samples . 

Most manufactures recommend higher  pressures  i n  t h e  r e a r  than  i n  t h e  

f r o n t  f o r  s t a t i o n  wagons. This  c o r r e s p n d s  t o  a reconmendation of a 

negat ive D. Thus t h e  p s i t i v e  t a i l s  a r e  p a r t i c u l a r l y  notexorthy s ince  they 

represent  higher  pressure  i n  t h e  f r o n t ,  a condit ion t h a t  decreases  t h e  

understeer  c o e f f i c i e n t .  The acc ident  sample of wagons has a s u b s t a n t i a l  

proport ion with a mean f r o n t  pressure  g r e a t e r  than mean r e a r  pressure  by 
-- 

I The Fisher  exact  p robab i l i t y  was used because of t he  s n a l l  numbers of 
cases.  



Table 21 

Compar iso~s  of t h e  T a i l s  of t h e  Distributions of D 

--------- ----I--------------- 

I Tes t s  of P o s i t i v e  T a i l s  I T e s t s  of Negative T a i l s  
I ---I__-- ------ _Ip----------- 

D=F-R 1 T a i l  I Ta i 1 I T a i l  T a i l  
I ---------- f- ----- ---_l_-- 

I 
.---- 

1 (3.5 1 >3.5 I ( 5  1 >5 1 >-3.5 1 <-3.5 1 >-5 1 <-5 - - - - ------ .+-+---+-+-- - - -  +--- f-------- +----t------ 
I I I I I I I I 

Checklane 1 528 1 94 1 559 1 53 1 575 1 47 1 603 I 19 
I 1 (15.1%) 1 1 (8.5%) 1 I (7.6%) 1 I (3.1%) 
I I I I I I I I 

Accident 1 406 1 95 1 433 1 68 1 435 1 66 1 470 1 31 
I 1 (19.0%) 1 I (13.6%) I 1 (13.2%) 1 1 (5.2%) 

I I I I 
Chi-square l 2.7 1 6.9 I 9.1 1 5.7 
Sig. Levell 0.102 1 0.009 I 0,003 1 0.017 

I I I I 

f i v e  p s i  o r  more (15.6 p e r c e n t ) .  I t  is a l s o  i n t e r e s t i n g  t o  note  t h a t  nea r ly  

ha l f  of t h e  s t a t i o n  wagons i n  both samples have Rean f r o n t  p re s su re s  g r e a t e r  

than  the  mean r e a r  p re s su re s  (43.5 percent  i n  t h e  checklane sample and 42.2 

percent  i n  t h e  acc iden t  sample).  Thus a l a r g e  propor t ion  of wagon use r s  a r e  

d r iv ing  with p re s su res  t h a t  a r e  not  cons i s t e n t  with t h e  manufacturers ' 
recoinmenda t ions.  

From Table 9 i t  is apparent  t h a t  t r ead  depth and maxirnm p res su r s  

d i f f e r e n c e  a r e  co r r e l a t ed .  A comparison of t h e  acc iden t  and checklane 

samples shows t h a t  t h e  mean minimclm t r e a d  depth f o r  a l l  veh ic l e s  (model 

years  1972-1978) is 5.5/32 inch f o r  t h e  checklane and 5.6/32 inch f o r  t h e  

acc ident  ss~:lple. Vehicles  with missing da t a  on one o r  nore t i r e  p re s su re s  

a r e  excluded from t h e  above means so t h a t  t h e  means represent  mean minimum 

t r ead  depths f o r  t h e  v e h i c l e s  i n  Table 9 and Table 23. Table 23 shows t h e  

mean maximum pres su re  d i f f e r e n c e s  f o r  veh ic l e s  i n  t h e  checklane and t h e  

acc iden t  samples by minimum t r e a d  depth groupings. Vote t h a t  w i th in  each 

sample t h e  v a r i a t i o n  i n  Rean maximum pressure  d i f f e r e n c e  am94  t h e  minimun 

t r ead  depth groupings 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  ( a t  l e s s  than t h e  0.01 

l e v e l  u s i q  an ANOVA F- tes t )  . 



Table 22 

Comparisons of t h e  T a i l s  of  t h e  
D i s t r i b u t i o n s  of D f o r  S t a t i o n  Wagons 

I T e s t s  of P o s i t i v e  T a i l s  I T e s t s  of Negative T a i l s  
I (Front  m a n  g r e a t e r  than r e a r )  I (Rear mean g r e a t e r  than f r o n t )  
(-_______-_______-_l_l_ --i--- --- - 

PF-R I Ta i 1 I T a i l  I T a i l  I T a i l  
I---------- $ -.--. v ------ f- ------ 
I < 3 . 5  1 - >3.5 1 < 5 l  - >5 I > - 3 . 5 )  <-3.5 I > - 5 1  <-5 - ----- +---,-+.---+-+----+-- +---- 1t- 
I I I I I I I I 

Accident 1 36 1 9 1 3 8 1  7 1 4 1  1 4 1 4 1  1 4 
1 1 (20.0%) 1 I (15.6%) I 1 (8.9%) 1 1 (8.9%) 
I I I I I I I 1 

Checklane 1 57 1 5 1 5 8 1  4 1 5 2  1 10 / 58 1 4 
I 1 (8.15) 1 1 (6.5%) 1 1 (16.1%) 1 I (6.5%) ----------- -----1_-1----- 

I I I I 
S ig .  Level l 0.065 I 0.11 I 0.212 1 0.45 
( F i s h e r ' s  I I I I 
exac t  I I I I 
proh.) I I I --- I 

-----I_---------------------- 

Table 23 

Mean Maximum Pres su re  Di f fe rence  of Accident 
and Checkiane Vehic les  by Minimum Tread Depth 

I I Minimum Tread Depth 
1 1 (groove CF3) of 4 t i r e s  

Sample I 1 -------------- - 
1 I To t a l  1 0-2/32 3-5/32 6-8/32 ---- 9+/32 

.~---+----+------------------------ 

I I I 
I N 1 1129 1 164 361 406 198 

Check- I Mean 1 5.57 1 8.15 5.74 5.02 4.27 
l a n e  I S.D. 1 5.02 1 5.87 4.65 4.63 4.91 

I I I 
I N 1 507 1 40 124 206 137 

Acci- I Mean 1 5.78 1 9.93 6.55 5.61 4.12 
den t  I S.D. 1 5.71 1 8.58 7.12 4.43 4.04 ------------ -------I-- 

Both d i s t r i b u t i o n s  sig.=0.0000 



Other va r i ab l e s ,  i n  p a r t i c u l a r  environmental v a r i a b l e s  a v a i l a b l e  i n  t he  

acc ident  f i l e  only,  were t e s t e d  using FNOVA (F-test)  w i t !  t h e  r e a r  minus the 

f r o n t  mean PSI of a l l  passenger c a r s  a s  t he  dependent var iab le .  Most of t h e  

comparisons d id  not  produce s i g n i f i c a n t  r e s u l t s ,  and t h e  means of t he  

subse t s  forxed by t h e s e  environmental v a r i a b l e s  were q u i t e  s i m i l a r .  

Var iab les  t e s t e d  included s c r f a c e  s l i p p e r y ,  p r e c i p i t a t i o n  and road s u r f a c e  

condi t ion  v a r i a b l e s ,  road alignment,  and t h e  derived va r i ab l e  wet/dry. The 

two d e s c r i p t i v e  v a r i a b l e s  ran o f f  t he  roadway before f i r s t  impact and 

c o l l i s i o n  conf igura t ion  were both s i g n i f i c a n t  (p<.05).  However, t h e  mean 

pressure  d i f f e r ences  on t h e  l e v e l s  of t hese  v a r i a b l e s  were l e s s  than 1 p s i  



3.3 Mixing - of Types of Carcass  Construct ion - 

Mixing t i r e s  of d i f f e r e n t  types of c a r c a s s  cons t ruc t ion  ( r egu la r  b i a s ,  

be l ted  b i a s ,  and r a d i a l  p ly)  can s u b s t a n t i a l l y  a f f e c t  t he  handling 

c h a r a c t e r i s t i c s  of vehic les .  
1 I n  gene ra l ,  t h e  d i f f e r e n t  types of 

cons t ruc t ion  provide d i f f e r e n t  c o r n e r i q  s t i f f n e s s e s ,  and a l t e r i n g  t h e  

r e l a t i v e  f ron t / r ea r  cornering s t i f f n e s s  changes t h e  understeer  

c h a r a c t e r i s t i c s .  This  can be most pronounced i f  r a d i a l s  a r e  mixed with non- 

r a d i a l s .  

The checklane da t a  co l l ec t ed  i n  1975 con ta in  22 veh ic l e s  w i t h  mixed 

ca rcas s  t y p s  amcng 1381 veh ic l e s  with no missing da t a  on cons t ruc t ion ,  o r  

1.6 percent .  The 1001 veh ic l e s  i n  t h e  acc ident  with com.plete da t a  on 

ca rcas s  cons t ruc t ion  sm,p le  include 103 with mixed o r  10.3 percent .  The 

d i f f e r e n c e  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  a t  l e s s  than t h e  0.000 percent  
2 l e v e l ,  with X =73 and d . f , = l .  

The acc ident  d a t a  c o l l e c t i o n  period includes winter  months s o  a number 

of c a r s  equipped with snow t i r e s  were inves t iga ted .  S ince  the  checklane. 

da t a  were co l l ec t ed  i n  l a t e  sunmer, t h e  g r e a t e r  mix of ca rcas s  cons t ruc t ions  

found i n  t h e  acc ident  sample could have resu l ted  p a r t l y  from t h e  use of snow 

t i r e s .  I f  t h e  veh ic l e s  i n  t h e  acc ident  sample with ca rcas s  n ixes  and snow 

t i r e s  (with snow t i r e s  and regular  t r ead  of d i f f e r e n t  ca rcas s  types)  a r e  

removed from t h e  mixed category and t r e a t e d  a s  not-mixed, t h e  fr lquency of 

mixes i n  t he  acc ident  sample becomes 6.8 percent.2 W i l e  34 percent  of t he  

mixes i n  t he  acc ident  sample a r e  eliminated by t h i s  procedure ( f o r  purposes 

of a comparison with t h e  s m ~ n e r  checklane d a t a ) ,  t h e  frequency is s t i l l  

s i g n i f i c a n t l y  g r e a t e r  than i n  t h e  checklane sample a t  l e s s  than t h e  0.0001 
2 

l e v e l  with X =45 and d . f .= l .  

There a r e  a l t e r n a t i v e  ways of  dea l ing  with t h e  problem crea ted  by the 

snow t i r e s  i n  the  acc ident  sample. One is t o  exclude veh ic l e s  with snow 

I Bernard, James E.  e t  a l . ,  Vehicle-In-Use L i m i t  Performance and T i r e  
Factors ,  Technical Report UM-HSRI-PF-75-1-2, Contract T W T - H S - O ~ ~ - ~ - ~  
Highway Safe ty  Research I n s t i t u t e ,  The Univers i ty  of Michigan, January 1975. 

Vehicles  with one o r  t h r e e  snowtires  and with mixed cons t ruc t ion ,  
c a r s  with two snow t i r e s  but  wi th  cons t ruc t ion  mixed on the  same ax le ,  and 
c a r s  with r a d i a l s  nixed with non-radials were included a s  ca ses  of nixed 
construct ion.  



t i r e s  corn?letely, i . e . ,  both from t h e  numerator and denominator of t h e  

propor t ion  represent ing  nixed cons t ruc t ions .  : hen  t h i s  is done, t h e  

propor t ion  of v e h i c l e s  i n  t h e  acc iden t  sarr.ple wi th  mixed cons t ruc t ions  

becomes 55 ou t  of 820 o r  5.7 percent .  This  r e s u l t  is z l n o s t  i d e n t i c a l  t o  

t h a t  given i n  t h e  paragraph above, Mixed construct ior ls  were found on 27 

percent  of t he  180 v e h i c l e s  equipped ~ i t h  snow t i r e s .  Another comparison is 

provided by including v e h i c l e s  wi th  snow t i r e s ,  %ut  r e s t r i c t i n g  t h e  

p r o p r t i o n  t o  veh ic l e s  i n  acc iden t s  during summer months. The propor t ion  of 

v e h i c l e s  i n  a c c i d e n t s  from Apr i l  through October i n c l u s i v e  wi th  mixed 

cons t ruc t ions  is 8.4 percent .  

A l l  of t h e  r e s u l t s  presented above i n d i c a t e  a much g r e a t e r  n ix ing  of 

types  of c a r c a s s  c o r s t r u c t i o n  among accident-involved v e h i c l e s  than  i n  t h e  

c o n t r o l  sample. 

The cases  of mixed types  of  c a r z a s s  cons t ruc t ion  d iscussed  i n  t h e  

paragraphs above inc lude  a l l  conbinat ions of  r egu la r  b i a s ,  bel ted-bias ,  and 

r a d i a l .  Mixing r a d i a l s  with non-radials is f r equen t ly  noted a s  a 

p a r t i c u l a r l y  dangerous p rac t i ce .  There a r e  14 such samples i n  t h e  checklane 

d a t a ,  o r  1.01 percent  s f  t h e  vehic les .  The acc ident  s m p l e  conta ins  2 1  

v e h i c l e s  with r a d i a l s  mixed with non-radials,  o r  2.1 percent-twice t h e  

proport ion i n  t he  checklane s m p l e .  The apparent  overinvolvernsnt of veh ic l e  

with t i r e s  of mixed ca rcas s  ccns t ruc t ion  is of i n t e r e s t .  :fihen t h e  veh ic l e s  

i n  t h e  acc ident  szmple a r e  p a r t i t i o n e d  i n t o  those i n  s ing le-vehic le  c rashes  

and those  i n  mult i -vehicle  c rashes ,  11.5 percent  of those i n  s ing le-vehic les  

a r e  found t o  have mixed c a r c a s s  types,  coliipared with 9.6 percent  f o r  those  

i n  multi-vehicle crashes.  The d i f f e r e n c e  is not  s i g n i f i c a n t .  

A comparison of c a r e a s s  nixincj wi th  a trichotomous v a r i a b l e  f o r  rozd 

s u r f a c e  condi t ion  is shown i n  Table 24. A g r e a t e r  propor t ion  of t h e  

v e h i c l e s  with ~ i x e s  were involved on roads which were e i t h e r  wet o r  covered 

with i c e  o r  snow, h e  d i f f e r e n c e s  a r e  s i g n i f i c a n t  a t  t h e  0.03 l e v e l  
2 (X =G.8, d.f .=2) .  \ h e n  t h e  c a r c a s s  rcixes r e s u l t i n g  f rox t h e  use of snow 

t i r e s  a r e  t r e a t e d  a s  non-mixes t h e  r e s u l t s  shown i n  Table 25 a r e  obtained. 
2 

The d i f f e rences  a r e  not  s i g n i f i c a n t  ( X  =0.98, d . f . = 2 ) .  Nei ther  a r e  t h e  

d i f f e r e n c e s  i n  s u r f a c e  condi t ion  n ixes  discounting snow t i r e s  ( t h e  l e f t  two 

c o l w n s  of Table 25) conpared t o  t h e  d i s t r i b u t i o n  i n  c a s e s  wi tnout  mixes 



( t h e  r i g h t  two co?w,ns of Table 2 4 ) .  I n  t h i s  case  the  s ign i f i cance  l e v e l  is 
2 

0.55 with X =1,1, d.f.=2. 

These r e s u l t s  i nd ica t e  t h a t  t h e  a s soc i a t ion  of mixed ca rcas s  

cons t ruc t ion  with su r f ace  condi t ion  shovn i n  Table 2 4  r e s u l t s  from t h e  use 

of snow t i r e s  i n  the  winter  montbs when the re  is a g r e a t e r  incidence of wet 

o r  snow covered roads. 

Of the  35 cases  of mixes of ca rcas s  cons t ruc t ions  r e s u l t i n g  f rorn t h e  

use of snow t i r e s ,  only four  involved r a d i a l s  wi th  non-radials. Hokever, 

t h e  four  were cases  of  r a d i a l s  on the  f r o n t  and ncn-radials on t h e  r ea r ,  a 

p a r t i c u l a r l y  unacceptable configurat ion.  

The I n t e r i n  r epo r t  indicated a s i g n i f i c a n t  a s soc i a t ion  between an 

ind ica t ion  of the use of a lcohol  and nixed ca rcas s  cons t ruc t ion .  The 

cu r ren t  da t a  s e t  of 1044  acc ident  involved vehic les  does not provide a 

s i g n i f i c a n t  assoc ia t ion .  

Table 2 4  

Mixing of Carcass T y p s  
by Road Surface Condition 

1 Carcass Types 

Surf ace 1 Mixed I Non-Mixes 

The Rubber Xanufacturers Associat ion publ i shes  a wal l  c h a r t  f o r  t h e  use 

d e a l e r s  t h a t  descr ibes  acceptable  
7 

and non-acceptable 
1 t i r e  cons t ruc t ion  and asFect  r a t i o s .  Three ca t egor i e s  of combinations a r e  

"Ti re  Applicat ion Guide f o r  Passencjer Cars," publisheC by t h e  Rubber 
Manufactilrers ~ ~ s z c i a t i o n ,  1901 Pennsylvania Avenue, N.W., I~~ashington ,  
D.C. 200C6. 



Table 25 

Mixing of Carcass Types 
by Road Surface Conditions 

Discounting Xixes Possibly Resulting 
from the  use of Snow T i re s  

I Carcass Type 
j --1_---_1------------- --- 

Surf ace 1 Mixed 1 Non-Mixed 
I -------------- + --------- 
1 N 3d I N % 

l i s t e d .  These a r e  "prefer red"  ( f o r  i d e n t i c a l  a s p c t  r a t i o  and ca rcas s  

cons t ruc t ion ) ,  "acceptable" ,  and "no." The guide is r a t h e r  l i b e r a l .  For 

example, i t  lists as aceeptable  t h e  use of r a d i a l s  on t h e  r e a r  and non- 

r a d i a l s  on the f r o n t  un less  the  f r o n t  t i r e s  a r e  of the 50 o r  60 s e r i e s .  

Using the  RPlA guide a s  c r i t e r i a ,  13  of t he  ca rcas s  ~ i x e s  i n  the  

checklane s m p l e  a r e  unacceptable mixes o r  a proport ion of 0.9 percent ,  

while 3.9 percent  (25) of t he  veh ic l e s  i n  t he  acc ident  sample have 

unacceptable mixes. h h i l e  t h e  incidence of unacceptable n ixes  is about >a;£ 

t h a t  f o r  a i l  mixes of ca rcas s  cons t ruc t ions ,  t h e  d i f f e r ence  between t h e  two 
2 

sm,p le s  is still h ighly  s i g n i f i c a n t  wi th  X =29, d . f .= l .  

The higher frequency of ca rcas s  mixes i n  t h e  accident-involved vehic les  

compared t o  t he  checklane veh ic l e s  is j u s t  t he  s o r t  of over representa t ion  

t h a t  would implicate  ca rcas s  mixes a s  a f a c t o r  associated with acc idents ,  

e i t h e r  causa l ly  o r  throush c o r r e l a t i c n  with a causal  f a c t o r .  Bowever, a 

causal  inference from t h e  da t a  presented he re  must be tsnpered. Easic  

d i f f e r ences  between the  populat ions from which t h e  checklane and acc ident  

samples were taken may account f o r  t h e  d i f f e r ence  i n  t h e  observed ca rcas s  

nixes.  Evidence of t h i s  w i l l  be discussed r e l a t i v e  t o  t read  depth i n  



Sect ion  3.4.1, where t h e  analyses  inciude con t ro l  f o r  t h e  e f f e c t s  of  

confounding v a r i a b l e s  whose d i s t r i b u t i o n s  d i f f e r  i n  t h e  two populations.  

The number of cases  of mixes of types of ca rcas s  cons t ruc t ion  is too  small  

t o  permit such s t a t i s t i c a l  con t ro l .  

The 2 1  veh ic l e s  having r a d i a l  t i r e s  mixed with non-radial t i r e s  a r e  

i n s u f f i c i e n t  f o r  any but  the  cursory a n a l y s i s  given above. Because the  

number is small ,  a b r i e f  s m r y  of  each case  is included i n  Appendix B. Of 

t h e  21 cases ,  12 were unre la ted  t o  vehic le  handling. I t  is not  obvious t h a t  

any did involve veh ic l e  handling, but  of t he  9 f o r  which i t  cannot be ruled 

ou t ,  4  involved drinking d r i v e r s ,  another  3  were on roads covered by i c e  o r  

snow, and one involved a puddle on an expressway, 

3 . 4  Tread Depth 

This  s e c t i o n  p re sen t s  an  examination of t r ead  depth measured on the  

acc ident  s m p l e .  The s e c t i o n  is divided i n t o  th ree  subsect ions.  Subsection 

3.4.1 p re sen t s  ~o r r~pa r i sons  of t he  acc ident  sample with the  con t ro l  

(checklane) sample. Sir,ce only one measurenent was made per  t i r e  i n  t h e  

checklane d a t a  c o l l e c t i o n ,  t h e  comparisons a r e  l imi ted  t o  t he  use of one 

groove measurement on each t i r e  i n  t h e  acc ident  s m p l e .  

In  3.4.2, subse t s  of t he  acc ident  szmple a r e  com~ared.  The ob jec t ive  

of 3.4.2 is t o  exarcine the  o v e r a l l  t r ead  depth i n  t h e  acc ident  sample. 

Since a l l  grooves were measured on the  acc ident  veh ic l e s ,  t h e  nean depth of 

a l l  grooves on each t i r e  is used a s  t h e  measure of o v e r a l l  t r ead  depth. 

Much of the  mater ia l  i n  t h i s  s e c t i o n  is based on t h e  ninimurn mean depth on 

t h e  vehicle--that is, t h e  mean depth of t h e  t i r e  which had t h e  lowest rr,ean 

depth of a l l  four  t i r e s .  

Las t ly ,  t-HC c h a r a c t e r i s t i c s  of t h e  p a t t e r n  of wear t h a t  can be deduced 

from rieasurements of a l l  grooves a r e  examined i n  3 . 4 . 3  f o r  subse ts  of t he  

acc ident  sample. The two p a t t e r n  c h a r a c t e r i s t i c s  a r e  t h e  concavity/ 

convexity of t he  p a t t e r n ,  and l a t e r a l  asymmetry of  wear on each t i r e .  

3.4.1 Tread Depth Co~.par i sons  of Accident and Checklane Samples. - - 
Tread depths were measured i a  both the  acc ident  and con t ro l  sarcples. The 

measurement f o r  t h e  cont ro l  group was m d e  while  t h e  c a r s  were wait ing i n  

l i n e  f o r  t he  Michigan S t a t e  Po l i ce  checklane, and thus  the  t i n e  a v a i l a b l e  



was l imi ted .  Recause of t h i s ,  only one t read  depth neasurecent  was made on 

each of t he  f o u r  t i r e s .  The s i n g l e  measurement was rriade i n  t h e  c e n t e r  

groove of t i r e s  wi th  an odd number of grooves, o r  i n  t h e  groove n e a r e s t  t h e  

c e n t e r  on t h e  s i d e  tcward t h e  obse,rver (ou t s ide )  i n  t h e  case  of an even 

number of grooves. The observer  was in s t ruc t ed  t o  t ake  t h e  t ime necessary 

t o  be s u r e  t h e  measurement was not  over a t r ead  wear i nd ica to r .  A l l  

comparisons of t r ead  depths  i n  t h e  acc iden t  and con t ro l  groups a r e  based on 

a c o n s i s t e n t  depth measurenent. Th i s  is accomplished by using t h e  depth of 

t h e  groove i n  t h e  acc iden t  d a t a  t h a t  cor respncis  t o  t h e  groove measarecl i n  

t h e  checklane da t a .  

The checklane sample co l l ec t ed  i n  t h e  suiirrer of 1976 included veh ic l e s  

over  20 years  o ld .  Tread depth is c o r r e l a t e d  with age, and s i n c e  the  

v e h i c l e s  i n  t h e  acc ident  sample a r e  no more t h a t  6 years  o ld  (nodel yea r s  

1972-1978), t he  use of t h e  checklane d a t a  has been l imi t ed  t o  those veh ic l e s  

t h a t  were no nore  than 6 years  o ld  a t  t he  time of t h e  d a t a  c o l l e c t i o n .  

The d i s t r i b u t i o n s  of  t read  depths  on t h e  t i r e s  i n  t h e  two samples a r e  

shown i n  Figure 2. S ince  the checklane d a t a  b e r e  co l l ec t ed  i n  t h e  summer, 

presumably with fav  snow t i r e s ,  snow t i r e s  which have deep t r e a d s  have been 

de l e t ed  from t h e  acc ident  d a t a  i n  Figure 2. T i r e s  wi th  missing da t a  on 

t r ead  depth a r e  a l s o  excluded. C ~ n s q u e n t l y ,  Fiqure 2 is based on 4191 

t i r e s  from t h e  checklane s m p l e  and 3278 t i r e s  f ron  t h e  acc iden t  sample. 

The d i s t r i k x t i o n s  a r e  very s i m i l a r  i n  b t h  s a ~ ~ l e s ,  with both havina a node 

a t  9/32. However, t h e  curve f o r  t h e  acc ident  s a m ~ l e  is d isp laced  s l i g h t l y  

t o  t h e  r i g h t  above 4/32, i n d i c a t i n s  t h e  t i r e s  i n  t h e  acc ident  p p u l a t i o n  had 

s l i g h t l y  m r e  t read .  The d i f f e r e n c e  between the  two d i s t r i b u t i o n s  is 
1 

s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  C.OOOO l e v e l .  The p r o ~ o r t i o n  of t i r e s  

with t r ead  depths of  0-2/32 is 3.78% i n  t h e  acc iden t  sample, and 4.15% i n  
2 

t h e  checklane sample. This  d i f f e r e n c e  is not  s i g n i f i c a n t  (X =!I.?, d . f . = i ) .  

Figure 3 g i v e s  t he  d i s t r i b u t i o n  of t h e  minimum t r ead  depth on each 

veh ic l e ,  i . e . ,  t he  minimurn o f  t h e  four  t i r e s .  Those veh ic l e s  a r e  included 

The RICITS Technique of F lora  was used f o r  t h e  t e s t s .  Th i s  
technique was used because i t  is a d i s t r i bu t ion - f r ee  nethod of determining 
i f  t h e  nu-ibers ( s co res )  of on2 popula t ion  a r e  g r e a t e r  than  those  of a 
second. The s i g n i f i c a n c e  l e v e l s  g iven  by F l o r a ' s  t e c h n i q ~ e  a r e  t he  same 2s . 
those  given by t h e  Mann-bhitney (U) t e s t  t o  which it is c l o s e l y  r e l a t ed .  



TREQD DEPTH IN 32 ' S  

FIGURE 2 
DISTRIBUTION OF TREQD DEPTH OF ERCH TIRE 

0-6 YERR OLD VEHICLES 



FIGURE 3 
DISTRIBUTION OF MINIMUM TREAD DEPTH 

ON EQCH VEHICLE. 0-6 YEAR OLD VEHICLES 



FIGURE 11 
MEAN MINIMUM TRERD DEPTH BY VEHICLE RGE 

COMBINED CHECKLRNE AND ACCIDENT DRTQ 



f o r  which a l l  four  t i r e s  n e t  t he  requirements given r e l a t i v e  t o  t h e  previous 

f igu re ,  1042 veh ic l e s  i n  t h e  checklane acd e07 i n  t h e  acc ident  samples. 

Almost a l l  observa t ions  made wi th  regard t o  Figure 2 a l s o  apply t o  Figure 3. 

The d i f f e r e ~ c e  i n  t h e  tito d i s t r i b i i t i ons  is s i g n i f i c a n t  a t  t h e  0.900 l e v e l  

usin: F l o r a ' s  technique. The nean r,inir?urn depth i n  t he  acc ident  smple  is 

6.5 (32 ' s )  and 5.9 f o r  t he  checklafie s x . p l e .  P h i l e  t he  d i f f e r e n c e  is 

s i g n i f i c a n t  ( a t  the 0,0001 l e v e l  using t h e  StuGents t e s t ) ,  i t  is small.  

The p r o ~ o r t i o n  of accident-involved veh ic l e s  with minim~ri t r ead  of 

0-2/32 is 10.9% and 12.1% f o r  t h e  checklane smple ,  although t h e  d i f f e r ence  

i n  t h e  two proport ions is not  s i g n i f i c a n t  (x2=0.53, 2.f .=l) . 
The g r e a t e r  t r ead  depths on t i r e s  of t he  accident-involved veh ic l e s  

shorn i n  Figure 2 a r e  s u r p r i s i n g ,  but  can be explained i n  p a r t  by 

Gifferences i n  t h e  two smples .  I t  was noted e a r l i e r  t h a t  t r ead  depth is 

co r re l a t ed  with veh ic l e  age. Figure 4 i n d i c a t e s  the  nean of t h e  miniaum 

depth (of four  t i r e s )  decreases  with age, p a r t i c u l a r l y  i n  t h e  f i r s t  two 

years .  The propor t ion  cf veh ic l e s  with a t  l e a s t  one t i r e  with a t r ead  depth 

of C-2/32 a l s o  increases  with age, even more rnarkedly than t h e  mean, T h i s  

is shown i n  Table 25. 

Proport ion of Vehicles  i n  the CornSined Accident and Checklane 
Samples with a ;4iniaum Mean Tread Depth 2/32 o r  l e s s  by Age.* 

---------------------------------------- 
Age i n  Years Prcport ion i n  Perzen,t 

Nean 
Tota l  N 

V e h i c l e s  with snowtires  have been excluded from 
t h e  acc ident  sample 



The age of veh ic l e s  i n  t h e  two s a ~ . p l e s  is d i f f e r e n t .  Table 27 shows 

t h a t  a g r e a t e r  proport ion of t he  veh ic l e s  i n  t h e  acc ident  sample is l e s s  

than two years  old.  The a s soc i a t ions  between sample (acc ident ,  checklane) 

and age, and between t read  depth ,and age, s q g e s t  t h a t  comparisons of t read  

depth i n  t he  two s m p l e s  could be confounded by veh ic l e  age and t h a t  t he  

comparisons should be con t ro l l ed  f o r  t h e  e f f e c t s  of age. Mul t ivar ia te  

l i n e a r  regress ions  were used t o  provide such c o n t r o l ,  

Table 27 

Vehicle Age Ry Populat ion 

I Proport ion of veh ic l e s  of 
I each age i n  percent  f o r :  

,4ge i n  Years I ---------I_----------_.------- 

I Checklane Accident* ---------------- + ........................ 
I 

0 I 14.3 20.3 
1 I 16.9 22.0 
2 I 18.5 18.1 
3 I 19.3 18.1 
4 I 15.7 13.0 
5 I 9.7 7.9 
6 I 5.6 0.6 

1 - ----- --- -- - -- --- - -- - -- I_ -- 
I 

Tota l  % I 100.0 100.0 
N 1 1051 838 

*Vehicles with snowt i res  have been excluded. 

In  t h e  r q r e s s i o n s  t o  be discussed below for comparing t r ead  depths i n  

t h e  acc ident  s m p l e  wi th  those i n  t he  checklane sample, t i r e s  on t rucks  i n  

both samples, and snowt i res  on c a r s  i n  the  acc ident  sanple  were excluded. 

Only veh ic l e s  i n  a cormon range of ages--0-5 years  old-were incl.lded. The 

tre;d depths i n  t h e  r q r e s s i o n s  a r e  of t h e  t i r e  with the  minirnllm t r e a d  on 

t h e  veh ic l e  ( t h e r e  were 1606 such vehic les  i n  t h e  two samples) .  

Consequently, t h e  bas i c  observa t iona l  mi; is a vehicle .  Tk.e r q r e s s i o n s  

provide predicted va lues  of a dependent va r i ab l e  Y ( i n  t h i s  case  t read  

depth)  a s  a l i n e a r  func t ion  of s eve ra l  dependent v a r i a b l e s  X 
i ' 



Y = bO+ 5 X + b2X2 ..., 1 1  

The l e a s t  squares method s e l e c t s  the  c o e f f i c i e n t s  such t h a t  t he  sum of 

squares  of the d i f f e r ences  between the  predicted and obs3rved valxes of Y is 

minimized. 

A regression of t read  depth ( i n  32 ' s )  aya ins t  sam2le (i=checklane, 

2=accident) and age g ives  t he  r e s u l t s  i n  Table 28. 

Table 25 

Least  Squares Rzqression 
by Tread Depth by Sample and Vehicle Age 

2 
R =0.136 

Variable  Coe f f i c i en t  S igni f icance  Level 

Constant 
Sample 
Aq e 

These r e s u l t s  i n d i c a t e  t h a t  a f t e r  con t ro l l i , x j  f o r  age, t h e  d i f f e r e n c e  

i n  t he  tdo s a i p l e s  was not s i g n i f i c a n t  ( s ig .  level=0.32!, while  t h e  e f f e c t  

of age was, with each add i t i ona l  year of aqe, t o  reduce t h e  nean t r ead  depth 

by 0.65/32 inch. However, t h e  c o n c l ~ s i o n  must be tempered by t h e  f a c t  t h a t  

t h e  rode1 only explained 14 pereent  of the  v a r i a b i l i t y  i n  t h e  d a t a  a s  
2 indicated hy t h e  va lue  of R . !flevertheless,  t h e  r e s u l t  is cons i s t en t  with 

t h e  observat ion t h a t  while tile acc ident  s m p l e  has more t read  than t h e  

checklane s m p l e ,  i t  a l s o  has more new c a r s  which i n  genera l  have more 

t read .  

The regression csing t r ead  depth i n  32 's  e f f e c t i v e l y  exanines 

d i f f e r ences  i n  t h e  m e a s  of the  s m p l e s .  Since t h e  mean minipurl t read  

depths a r e  s u b s t a n t i a l ,  about 6/32, small  d i f f e r ences  i n  t !e  neans gay have 

l i t t l e  in f luence  on acc ident  experiences.  Therefore t h e  renaining 

comparisons of t read  depth w i l l  exzlnine the  proport ions of t he  veh ic l e s  ir?, 

each sam?le which have ninicun t r ead  depths of 0-2/32. For exminino  

proport ions,  i t  is p s s i b l e  t o  use weighted l e a s t  sGuares ~ ~ o d e l s .  



Basica l ly ,  t he  proport ions used a s  t he  dependent va r i ab l e s  a r e  computed f o r  

t he  group of observat ions (vehic les )  t h a t  f a l l  i n  each of t he  population 

c e l l s  defined by t h e  combinations of values of t he  independent va r i ab l e s .  

Each c e l l ,  i ,  has n observat ions with a c e l l  proport ion of p . I n  the  

weighted l e a s t  squares,  t h e  va r i ab l e s  a r e  weighted f o r  each c e l l  by the  

square root  of 'di, hkere 

r e su l t i ng  in  a r g r e s s i o n  equat ion of the  £om:  

Yi (K i )  =E,(V!i) V t B ( K . )  X +B2(Wi) Xzi  1 1 l i  

This weighting avoids prcblems associated with non-unifon variances i n  the  

c e l l s .  

The weighted l e a s t  squares regression of t h e  proport ion of vehic les  

with a ~ i n i n u m  t read  depth of 0-2/32 aga ins t  s m p l e  and vehic le  age g ives  

t h e  infonsa t ion  i n  Table 29. The c o e f f i c i e n t  f o r  sample has a s ign i f i cance  

l e v e l  of 0.324, ind ica t ing  t h e  d i f f e r ence  i n  t he  samples pLali r e s u l t  from 

sm.pl irq and not  represent  t r u e  d i f f e r ences  i n  t h e  a t - r i sk  and acc ident  

populations.  

The e f f e c t s  of  confounding va r i ab l e s ,  such a s  veh ic l e  age, is 

important. The apparent d i f f e r ence  i n  t read  depth of t he  acc ident  and 

con t ro l  sanples  shown i n  Figures  2 and 3 disappeared when vehic le  age was 

included a s  a cont ro l  var iab le .  I t  is a l s o  poss ib le  f o r  r ea l  d i f f e r ences  t o  

be inarked o r  hidden hy t h e  e f f e c t s  of confounding var iab les .  Therefore it 

is necessary t o  consider  a s  many a s  poss ib le  cont ro l  va r i ab l e s  a s  the  da t a  

w i l l  provide unless  p r i o r  knowledge i ~ d i c a t e s  they a r e  i r r e l evan t .  

Model (body type) is a l s o  a card ida te  ccn t ro l  var iab le .  Table 30 g ives  

t h e  d i s t r i b u t i o n  of model i n  t h e  two samples. Fu l l  s i zed  c a r s  occur about 

ha l f  a s  f requent ly i n  t he  accident  sample. The four-level model va r i ab l e  

f o r  p s s e n g e r  ca r s  r e s u l t s  i n  ?8 c e l l s  when crossed with sample (2 l e v e l s )  

and vehic le  age (6 l e v e l s ) .  This  r e s u l t s  i n  nany e rn~ ty  o r  nearly empty 

c e l l s  with the  quan t i t y  of da t a  ava i l ab l e .  Hence a two-level model va r i ab l e  

was used. Ful l  s i zed  and in tennedia te  c a r s  were p o l e d  i n t o  l e v e l  1, while 

compacts and sub-ccnpacts were pooled i n t o  l e v e l  2.  The d i s t r i b u t i o n  given 

i n  Table 30 sugges ts  t h i s  pa i r ing .  



Table 29 

Weighted Least  Squares ;?egression of Tread Depth 
l e s s  t h m  3/32 by carrple and Vehicle  Age 

2" R =0.510 
T s t a l  Degrees of Freedon = 1 4  

Var iab le  Coe f f i c i en t  S ign i f i cance  Level 

Constant -0.0455 0.008 
Sample* 0 .Oil6 0.324 
Age* * 0.0361 0,000 

----------------.--------------_I--------------- 

*l=checklsne smtp le ,  2=accident s & ~ p l e  
* q h e  age v a r i a b l e  used is t h e  aqe of t he  veh ic l e  p l u s  one. 

Table 30 

C i s t r i b u t i o n  of Yodel i n  Each Sample 

1 D i s t r i b u t i o n  i n  Percent  
Plodel I _ _ - _ - - _ _ - - - _ _ _ _ - - _ - _ _ _ _ _ _ ~ ~ ~ _ _  

1 Check l ane  Accident 
---------------+--------------------------- 

I 
F u l l  S i ze  ! 38.1 21.8 

I n t e n e d i a t e  

Cornpac t 

Sub-conpact 

S m l l  Truck 

To ta l  

Table 31 s u k s t a ~ t i a t e s  t he  choice of t h e  dichotonous model v a r i a b l e  a s  

a c o n t r o l  s i n c e  s n a l l  c a r s  have a greater incidence of l i t t l e  t read  i n  both 

sanpl  e s  . 
The weighted l e a s t  squares  regressim using b t h  veh ic l e  age and t h e  



two-level model vzriable-generating 24 c e l l s  i n  a l l - i s  given i n  Table 32. 

Table 31 

Proportioil  of Cars with Plinirnum 
Tread 2epth cf 0-2/32 i n  Percent  by Sample and Vodel 

- - -- 

Sanple 
I Model 
1 ------- - - -- -- -- - -- - -- - - - - 
1 Large Sma 11 

Checklane 

Accident I 7.97 12.75 --------------------------------------- 

Table 32 

Weighted Least  Squares Qegression of Tread 
Depth of 2/32 o r  Less,by Sarp le ,  Aye, and Model 

RG=O. 51 
Tota l  Desrees of Freedom = 28 

Variable  Coeff ic ien t  S igni f icance  Level 

Constant 
S a ~ p l  e 
Age 
Model 

This  regress ion  ind ica t e s  t h a t  con t ro l l i ng  on nodel a s  wel l  a s  vehic le  

aye a l s o  r e s u l t s  i n  no s t g n i f i z a n t  d i f f e r ence  i n  t he  proport ion of c a r s  with 

low t r ead  i n  the  two samples. However, t h i s  rcxjression does nc t  zx2lain as  

much of t he  v a r i a b i l i t y  a s  does t h e  regress ion  i n  Table 29. Neverthel?ss,  

i t  s t rong ly  sugges ts  t h a t  model is an inpor tan t  con t ro l  va r i ab l e  s i n c e  i t  is 

highly s i g n i f i c a n t ,  a t  t h e  0.917 l eve l .  

The l e s s  adequate " f i t "  could have seve ra l  reasons. The in t roduct ion  

of m d e l  increases  the  n i i e r  of c e l l s  from 12 t o  2 4 ,  thereby increasing t h e  



v a r i a b i l i t y .  The high valua of 2' i n  Table 29 could i n  f a c t  r e s u l t  from too 

much pooling of t h e  data .  ?in i n t e r a c t i o n  between ince?endent v a r i a b l e s  of 
2 the  regression including m d e l  could a l s o  r e s u l t  i n  t h e  low Fi , e .q . ,  

i n t e r a c t i c n s  between nodel ,  s axp l s ,  and t read depth. 

The p s s i b i i i t y  of the above i n t e r a c t i o n  was examined by a regression 

of t read  a g a i n s t  sazple ,  age, and two va r i ab l e s  represent ing rode l .  The two 

model v a r i a b l s s  were s t ruc tu red  a s  shown i n  Table 33. The sane da ta  

s t r u c t u r e  of 24  c e l l s  was used. 

Table 33 

9wmy Yodel Var iab les  f o r  I n t e r z c t i o n  

I 1 Podel +?ode1 
S m p l e  1 Model 1 Variable  Variable  

I I 1 2 ---------- + -------- + -------.----------------- 
I I 

Checklane I 

I Large I 1 0 
I S m l l  I - 1 0 
I I 

Accident 1 Large 1 0 1 
I Small I 0 -1 I 

3y u s i g  t h i s  ~ l a r i a ' o l e  s t r u c t u r e  t he  e f f e c t  cf r'cdel car1 he examine? 

sepa ra t e ly  f o r  each sample. 

The regress ion  r e s u l t s  a r e  shown i n  Table 34. There is a moderate 

i n t e r a c t i o n  between zodel  and sample. The e f f e c t  of model is not 

s i g n i f i c a n t  i n  t ke  checklane sample, but is i n  t he  acc ident  sample. 

mr thennore  tk!e estimated effectl of model (;s qiven by the c o e f f i c i e n t s )  is 

1.7 times a s  ?reat  i n  t h e  acc i3ent  sampie a s  i n  t h e  checklme smp1e. 

Again, tile e f fec t  of t he  sanple  i t s e l f  03 t h e  proport ion with lo;.: t r ead  

depths is not s i g n i f i c a n t .  Eowever, t h e  add i t i on  of t h e  intet-2ct ix-1 t e r n s  

has resu l ted  i n  a l w i n c r e a s e  ir, t h e  unexplained variabi l i ty--a2 has 

increased fron 0.51 (Takle 32 )  t o  C.52. 

Four d i f f e r e n t  r g r e s s i o n s  hzve bee? present& which e x m i n e  the  

d i f f e r ences  i n  t read  depth i n  t he  acc ident  and con t ro l  s a l p l e s .  The raw 



Table 34 

Ihleighted Least  Squares R q r e s s i o n  of Tread Cepth 
Less than 3/32 by Smple ,  Age, and Model with I n t e r a c t i o n  

2 R =0.52 
Tota? Degrees of Freedom = 28 

------------------------------------- 
Vzr i ab l e  Coeff ic ien t  S igni f icance  Level 

Constant -0.0364 
Sam@ e 0.00970 
Age 0.0342 
Model 1 (checklane) -0.00957 
Model 2 (acc ident )  -0.0151 

d a t a  shown i n  Figures  2 3nd 3 i n d i c a t e  t he re  a r e  d i f f e r ences  in  t b e  two 

s x i p l e s .  However, t hese  d i f f e r ences  a r e  pr imar i ly  i n  the  r g i o r s  of 

s u b s t a n t i a l  rw,aining t r ead  i d ~ r e  we would not  expect t he  d i f f e r ences  t o  be 

inpor tan t .  These appzrent d i f f e r ences  a r e  proh2bly t h e  r e s u l t  of 

d i f f e r ences  i n  t he  populat ion of c a r s  i n  t he  two samples r a t5e r  than i n  t h e  

t read  depths of acc ident  and non-accident cars .  Although t h e  regression 

analyses  do not explair,  a l a r g e  proport ion of the  v a r i a b i l i t y  of t read  depth 

wi th in  the  sm.ples ,  they a l l  f a i l  t o  d e t e c t  any r e a l  d i f f e r ences  between the  

samples e i t h e r  i n  the  amount of remaining t read o r  i n  the  p r o ~ o r t i o n  of 

vehic les  with a mean t read  depth on any oRe t i r e  cf 2/32 in.  o r  l e s s .  

3.4.2 -- Mean Tread C e p ~ h s  i n  the  Accident Sanple. Data a r e  co l lec ted  on -- --- 
t h e  depth of each groove of each t i r e .  One rneasurenent is made i n  each 

groove a t  a p i n t  not  over a t read  wear i nd ica to r .  S ix  of t he  4176 t i r e s  

cu r r en t ly  i n  t he  acc ident  da t a  s e t  have nine grooves; the o the r s  have f ron 
1 

tdo t o  e igh t  Grooves o r  a r e  r,issir,g da t a  on the  n u ~ b e r  of 2rooves." Of the  

4i05 wi th  tv;o t o  e i g h t  grooves, t read  depth neasureii,ents were conpleted f o r  

The parmeter  s e l ec t ed  a s  a measure of t he  a ~ o u n t  of t read  on each t i r e  

One pickup had fou r  snow t i r e s  with only one recorsed. These four  t i r e s  
were de le ted  from a l l  analyses  of t read  depth. 



is t h e  mean of t h e  groove neasurerrients. Since t h e  numSer of qrooves v a r i e s  

from 2 (on som? snow t i r e s )  t o  t2,  t h e  nears  a r e  based on 2 t o  8 

measurements. The comparisons t o  be presented f o r  subse t s  of t h e  accident-  

involved ca r s  a r e  based on c a r s  r a t h e r  than individual  t i r e s .  In  t hese  

cases ,  t h a t  t i r e  which had t h e  lowest mean t r3ad depth was s e l e c t &  t o  

represent  t he  veh ic l e  in  t h e  comparisons. This  ;ms done under t h e  

a s s m p t i o n  t h a t  l i t t l e  t read  ~ o u l d  rrore l i k e l y  be a causal  acc ident  f a c t o r  

than  m 2 l e  t read .  

Admittedly t h i s  is a simplistic--although not  unreasonable-view of t h e  

ro l e  of t read .  The combination of t i r e s  with d i f f e r e n t  t reed  depths can 

have e f f e c t s  handling perf omance c a r ,  t h e  

understeer  c o e f f i c i e n t  (even on d r y  pvament )  but  t h i s  is d i f f i c u l t  t o  

s tudy with t h e  e x i t  da t a  s t r u c t u r e .  The e f f e c t s  of t i r e - t o - t i r e  

d i f f e r e n t i a l s  i n  t read  depth on acc ident  involvement can b e s t  bs s tud ied  

through d e p n d e n t  veh ic l e  p a r m e t e r s  such a s  the  i lndersteer c o e f f i c i e n t .  1 

The d i s t r i b u t i o n  of t he  r ean  depth f o r  each of t h e  four  wheel p o s i t i o n s  

is given i n  Table 35. Since the  da t a  s e t  includes a s n a l l  nurnber of l i g h t  

t rucks  and veh ic l e s  with snow t i r e s ,  t h e  neans exceed t h e  depths t h a t  would 

be fcund on nett p a s s e A q e r  c a r  t i r e s  with regular  highway t read .  The break 

is q u i t e  ev ident  a t  depths of  14/32 and g r e a t e r .  The node is a t  9/32 f o r  

a l l  t i r e  pos i t ions .  The depth f ~ r  new passenger c a r  t i r e s  is about 

11/32-13/32. 

The two right-hand colxnlns g i v e  the  2 i s t r i b u t i o n  of t he  minixurn mean 

depth on t h e  ca r .  The ,r,ode is a t  7/32, while  t h e  r 4 e d i ~ n  is between 6/32 and 

7/32. 'The rrean mininur;! depth is 5.8 (32 ' s )  . 
The number and ~ e r c e n t a g e  of t i r e s  with t read  depths of 2/32 o r  l e s s  is 

given f o r  each  heel p o s i t i o n  i n  t h e  bottom row. Of t n e  4C42 t i r e s  i n  t h e  

t a b l e ,  127 o r  3% have 2/32 o r  l e s s .  I n  generz l ,  t h e  t i r e s  with low trec.2 

a p p a r  s ing ly ;  they a r e  d i s t r i b u t e d  over 87 (3.9%) of t h e  vehic les .  

The d i s t r i b u t i o n s  of t he  zinirnun fiean t read  depths (given i n  t he  r igh t -  

hand colurm of Table 35 f o r  t he  e n t i r e  acc ident  sample) have been c o n ~ a r e d  
-A - 

Segel ,  L .  and L. Johnson, Oevelspnerit - .  of Techniques - f o r  -- invest igi l  tirig 
Accident Causation, UM-HSRI-79-4, Highway Sa fe ty  Research I n s t i  t u t o ,  
Univers ity of :ilichigan, ,January 1978. 



Table  35 

D i s t r i b u t i o n  of Mean Tread Depth 

I L e f t  1 F i g h t  I L e f t  I R igh t  IXinirnu~;4ean 
Cepth F r o n t  I F r o n t  1 Rear I 2 e a r  I C n V e h i c l e  

i n  32 1 s I -------+-----+----- +---- -.+ ------ 
I 14 % I  N 9 1  N % I  N % 1 i\] % ---- .- ---- + ----- -I----- ; ---+ ------- 
I I I I I 

0  1 2 0.2 I 5 0.6 I 4 (2.4 1 3 0.3 i 11 1.1 
1 1 9 6.9 1 7 0.7 1 7 0.7 1 1 3  1 .3  1 28 2.9 
2 1 21 2.1 1 21 2.1 1 19 1 . 3  1 1 3  1 .3  I 48 4.9 
3 1 26 2.6 1 43 4.2  / 26 2.6 1 25 2.5 1 53 6 .5  
4 1 51  5.0 1 50 4.9 1 41 4 .1  1 4 1  4.1 1 72 7.4 
5 1 52 6.1 1 54 5.3 1 48 0.8 1 49 4 . 9 1  95 9.7 
6 1 97 9 . 6 1  9 1  9 . C /  81 8 . 0 1  82 8 . 1 1  109 11.2  
7 1 124 1 2 . 4 1  119 11.7 1 87 3 . 6 1  1 C 1  10.0 1 123 13.1 
8 1 126 12.4 1 128 12.6 / 121 12.0 1 115 11.5 1 110 11.3 
9 1 150 14.5 1 148 14.6 1 159 15.8 1 151 15.0 1 108 11.1 

10 1 133 13.1 1 131 1 2 . 9 1  125 12.4 1 132 13.1 1 77 7.9 
li 1 113 11.2 1 123 12.1  1 149 14.8 1 133 13.2 1 79 8 .1  
12 1 55 5.4 1 48 4.7 1 59 5.8 1 56 5.6 1 23 2.4 
1 3  1 20 2.0 1 21 2.1 1 27 2.7 1 35 3.5 1 3 9.8 
1 4  1 7 0.7 1 9 0.9 1 23 2.3 1 22 2.2 / 4 0.4 
1 5  ! 5 0.5 1 4 0.4 1 16 1 . 5  1 15 1 .5  1 4 0 .4  
1 5  1 3 C.3 1 3 0.3 J 7 0.7 1 5 0.5 1 2 0.2 
17 I 4 0.4 1 2 0.2 I 4 0.4 1 3 0.3 1 3 0 .3  
18 1 2 0.2 1 2 0.2 1 1 0.1 1 4 0.4 / 1 0 .1  
19 I 1 0.1 / C (2.0 1 3 0.3 1 2 0.2 1 1 0.1 
2 0 / 0 0.0 I 3 0 .3  1 1 0.1 1 0 0.0 I 1 0.1 
21 j 1 0.1  I 0 0.0 I 1 0.1  1 2 0.2 I 12 0.0 
22 I 1 0 .1  I 0 0.0 / 0 0.0 ; 1 0.1 I 3 0.0 

I I I I I 
T o t a l  1 1013 10C.O 1 1013 100.0 / 1CO9 100.0 1 1907 10O.C / 975 10C.O 

I I I I I 
0-2 j 32 3.2 1 34 3.4 1 30 3.0 1 31 3 .1  1 8'7 8.9 

f o r  s p e c i f i c  s u b s e t s  cf t h e  a c c i d e n t  p p u l a t i o n .  S u b s e t s  wer? selected 

e i t h e r  t o  (1) ccmpars t h o s e  g r o u s s  t h a t  n i g h t  he  expected t o  have t h e  

g r e a t e s t  d i f f e r e n c e  i n  inc idence  of "handl ing"  a c c i d e n t s  o r ,  (2 )  compare 

t h o s e  i n  which t r e a d  deptn  could be expectec! t o  p l a y  a role w i t h  those i n  

ivhich i t  is l e a s t  l i k e l y  t o  be a f a c t o r .  S i n c e  t h e  d a t a  t h i n  o u t  a t  t h e  

h i g h e r  t r e a z  dep ths ,  c a s e s  b;ith depths  of 15/32 o r  g r e a t e r  were ,cooled, t h u s  

g i v i n g  16 l e v e l s  of depth .  Two t e s t s  were used. The Students-T t e s t  o: 

means, a rd  t h e  '4ann-:hitney (81 t e s t  o f  ranks .  Poth methcds a r e  a p p r o p r i a t e  



and have t h e i r  ~ t r e ~ g t h s  ar,d weaknesses. The ir,cans t e s t  is s t ra ight for r ia rd  

t o  i n t e r p r e t  and s i n p l y  t e s t s  f o r  equa l i t y  of means. However, i t  depen3s on 

t h e  assumption of n o m a l i t y  of t he  G i s t r i b u t i o n s .  The Karin-ii5itne;r t e s t  is 

d i s t r i b u t i o n  f r e e ,  and t e s t s  f o r  e q u a l i w  of ranks of s co res  (ordered 

v a r i a b l e s ) .  However, i t  is ifivalid i f  t i e s  a r e  f r q u e n t .  ' 4 t h  l a r g e  da t a  

s e t s  t h e  d i f f e r e n c e  in  r e s u l t s  of t h e  tGro t e s t s  is s n a l l .  

Table 36 g i v e s  t h e  r e s u l t s  f o r  veh ic l e s  involved i n  s e v e r a l  types of 

c o l l i s i o n .  The mean f o r  t k c s e  i n  s i n g l e  veh ic l e  zcc iden t s  (which might be 

expected t o  involve vek ic l e  handling m r e  f r equen t ly  than o the r  c o l l i s i o n s )  

is lower than f e r  those i n  t ~ o  v e h i c l e  c o l l i s i o r s .  Vowever, t h e  d i f f e r e n c e  

is small  and not  s t a t i s t i c a l l y  s i g n i f i c a n t  by e i t h e r  t h e  mean t e s t  (sig. 

l e v e l  = 0.15) o r  t h e  %nn-Fhitney t e s t  ( s i g .  l w e l  = 0.18) .  Tb,e d i f f e r e n c e  

between the  two most common s u b s e t s  of two-vehicle collisions-head-on and 

and i n t e r s e c t  ion--are g r e a t e r  t han  t h e  d i  f  ference het;*ieen s i z g l e  ar,d t;.io- 

v e h i c k  co1lisio1-x. The d i f f e r e n c e  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  a t  t h e  0.01 

l e v e l  by both t e s t s .  Vehicles  i n  head-on and sinqle-vehicle c r a shes  have 

mean minimum t r ead  <epths which d i f f e r  by only one-half o f  a 32nd, 3 

d i f f e r e n c e  khich is not  s i g n i f i c a n t  ( s i g .  l e v e l  = 0.10) .  The g r e a t e s t  

d i f f e r e n c e  is the  conparison between head-on end i n t e r s e c t i o n .  This  

d i f f e r e n c e  (1/32) is statistically s i g n i f i c a n t  a t  the C.00 l e v e l  usin9 both 

t e s t s .  The reason f o r  t h i s  6 i f f e r e n c e  and its i n p l i c a t i c n s  have not  keen 

i d e n t i f i e d .  

Minimurri Yean Tread Depth 
by ';?lpe of C o l l i s i o n  

Ty-pe of !lean 
C o l l i s i o n  ( i n  32.s) N 

------------------------------------------------,- 

Sing le  Vehicle  6.74 404 

I n t e r s e c t  ion 7 .24  335 
-------------------------------~-----_1----------- 



Table 37 g ives  t he  r e s u l t s  of t h r e e  conparisons of road su r f ace  

condit ions.  hlean rninimun t r ead  depths a r e  given f o r  each subse t  along with 

s i g n i f i c m c e  l e v e l s  f o r  50th t e s t s .  

Table 37 

Plinimum Xean Tread Depth 

------------------------------------ 
Comparison Fean i n  3 2 ' s  Sig. Level 

C r y  VS. Others 
cry 
Others 

Dry vs. Wet 
Dr) l  
9:e t 

7.06 0.051 mean t e s t  
6.66 0.057 !Iann-bhi tney 

7.06 0,041 mean t e s t  
6.57 0.051 Yann-k,%i tney 

'det vs. Ice/Snow 
Ke t 6.57 0.37 mean t e s t  
I ce/Snow 6.78 0.51 Yann-V!hitney 

V3hicles i n  c rashes  on dry roads have parg ina l ly  s i g n i f i c a n t l y  

d i f f e r a n t  minimun t r ead  depths than ti?ose on o ther  su r f aces  (wet, i c y ,  o r  

snow covered) .  The con2arison of dry su r f aces  with wet su r f aces  WZS ~ a d e  t o  

"sharpen" the  con t r a s t .  I f  t read ,  r q a r d l e s s  of depth, is unable t c  cope 

iqi th  i c e  o r  packed sr;ow, t he  former comparison w u i d  be "d i lu t ed . "  Aimst 

i d e c t i c a l  r e s u l t s  were obtained when ice/snow wer? removed. This  sugges ts  

t h a t  t he re  is l i t t l e  difference--in minimum mean t read  depti-,--ket.iiesn 

veh ic l e s  i n  acc idents  on wet roads and those on roads covered by snow o r  

ice .  Indeed, t he  l a s t  comparison of Table 37 ind ica t e s  t h i s  is t h e  case.  

Carrying tiis reasoning one s t e p  f u r t h e r ,  t h e  wet-dry comparison could 

a l s o  be "d i lu t ed"  i f  moderate t read  is s u f f i c i e n t  t o  ~ r o v i d e  braking and 

cornering fo rces  with t h e  most f  r q u e n t l y  encountered degrees of wetness. 

Since only a s n a l l  proport ion of the  vehic les  had l i t t l e  t r ead ,  under t he  

above condit ions 1 d i f f e rences  i n  nean t r ead  depths could not be 

expected t o  r e s u l t  i n  d i f f e r e n t  acc ident  experience. 

. 0 Corsquenkly a we t-d-y coinparison was nade using a 3ichotonous r..;n;miLq 



t r ead  d e ~ t h  va r i ab l e .  Vehicles  wi th  a t  l e a s t  one t i r e  with a mean depth of 

0-2/32 were p o l e d ,  2nd compared with ~ A o s e  with more t read .  The r e s u l t  is 

shown i n  "able 33. Compariq wet and dry roads, t h e  chi-sq~uare t e s t  of 
2 homogeneity q ives  X =6.6 with d . f .= l  and a s i g n i f i c a n c e  l e v e l  of 9 .012 .  

Thus we m y  conclude t h a t  v e h i c l e s  with a t i r e  with l e s s  chan 3/32 mean 

t r e a d  depth a r e  overrepresented i n  ecc iden t s  on wec roads by nea r ly  2 t o  1. 

The l a s t  c o l w r ~  of Table 33 g ives  t h e  r e s u l t s  f o r  v e h i c l e s  involtred on sncci 

o r  ice .  The r e s u l t s  a r e  ~icl2iay between "dry" and "wet", and because of t h i s  

( o r  t h e  s z a l l e r  nm5er  of ca ses )  a r e  not  s i g n i f i c a n t l y  d i f f e r e n t  f ron  

e i t h e r .  Th i s  would suggest  t h a t  while  perforcance cn wet su r f aces  is 

degraded by tress depths of l e s s  than 3/32 i n ,  degradat ion on i c e  o r  snow-- 

i f  i t  ex i s t s - i s  a t  a g r e a t e r  t r ead  depth. Unfortunately,  t h e  small  number 

of c a r s  involved on i c e  o r  snow makes i t  d i f f i c u l t  t o  examine 2 ichotonies  of 

t r ead  depth wi th  a m r e  equal  " s p l i t "  because the var iancz  of an e s t i ~ a t e d  

propor t ion  increases  a s  t h e  propor t ion  Secorries c l o s e r  t o  0.5. 

Table 39 

Comparison of Wet and Dry 
Sur f sces  with a Dichotoi?y 

of Minimun Yean Tread Cepths 
---- 

------------------------------~_I---------- 

Tread Cept !~  D r y  t Snw/ i ce  
--II-----U----II__----I--I---I--I-II----ll-- -.------ 

Cver 2/32 92.6% 86.8% 91.2% 

To ta l  Yd 100.0 100.0 100.0 
hl 583 2 20 155 

-------I---.------11----11-------I---------I---.--------II--I--- 

3.4.3 Trezd Near P a t t e r n s  i n  t h e  Accident Sanpl?. Since one depth ----- - - - 
measurenent is :mde i n  each groove of a t i r e ,  t h e  da t a  a r e  a v a i l a b l e  t o  

examine t h e  p a t t e r n  of t read  wear, i . e . ,  t h e  p a t t e r n  generate6 511 

d i f f e r e n t i a l  we?r ac ros s  the  s u r f a c e  of t h e  t i r e  i n  t h e  l a t e r a l  d i r e c t i o n .  

The p t t e r n  i t s e l f  may no t  be d i r e c t l y  r e l a t e d  t o  veh ic l e  handl ing o r  

acc ident  causat ion.  I f  i t  is, i t  would be through a con;lex r e l a t i o n  



between cornericg o r  braking forces  a  t i r e  pressure ,  load, l a t e r a l  

acce l e ra t ion ,  ca rcas s  ccns t ruc t ion ,  e t c .  Ycw?ver, t he  wear p a t t e r n  is 

d i r e c t l y  r e l a t ed  t o  t i r e  pressure  mintenance  p rac t i ce s  and suspension 

system gecizatry, p a r t i c u l a r l y  t o e  and camber. These f a c t o r s ,  i n  tu rn ,  

d i r e c t l y  a f f e c t  handling c h a r a c t e r i s t i c s .  Thus one ;night expect t o  fir.d 

some a s soc i a t ion  Setween wear pa t t e rns  and acc ident  experience, a l b e i t  

i n d i r e c t .  

Unfortunately,  t he  l a rge  moun t  of d a t a  g e n e r a t d  by the  ind iv idua l  

groove measurm,ents is d i f f i c u l t  t o  ca tegor ize  and analyze. 9ne of t he  rLore 

conveniently obtained measures of  t h e  p a t t e r n  is t h e  range of groove depths 

on each t i r e .  The d i s t r i b u t i o n  of ranges f o r  f r o n t  and rear  t i r e s  is given 

i n  Table 33. A-lthough f r o n t  t i r e s  have a s l i g h t l y  lower range ( t h e  odds of 

a  f r o n t  t i r e  h a v i q  a  lower range than a rear  t i r e  is 1.0307) ,' t h e  

d i f f e r ence  is i n s i g n i f i c a n t .  

The range of groove depths is a ra ther  crude measure of Lie wear 

pa t te rn .  A more d e s z r i p t i v e  procedure is provided by l e a s t  squares f i t t i n q  

a  second order  equation t o  the  groove depths given f o r  each t i r e .  This  

technique provifies a  predicted (o r  est imated)  p a t t e r n  clefired co r ip l e t eu  ~j 

t h e  t h ree  c o e f f i c i e n t s  of t he  second order  equation. Appendix C descr ibes  

t h e  procedure and r e s u l t s ,  and t h e  de r iva t ion  of the  patter:: c h a r a c t e r i s t i c s  

t h a t  w i l l  be discussed here.  

TWO ~ t t e r n  c h a r a c t e r i s t i c s  w i l l  be discussed. One is the concavity o r  

convexity of t he  pa t t e rn .  Convex pa t t e rns  a r e  thcse  t h a t  have r tore  t read i n  

t h e  middle grooves than on e i t h e r  s i d e ,  and a r e  c h a r a c t e r i s t i c  of cont inua l  

under inf la t ion .  Concave pa t t e rns  a r e  those t h a t  h w e  l3ss t read  i n  t h e  

middle than on e i t h e r  s i d e ,  c h a r a c t e r i s t i c  of cont.inua1 over i r f la t - icn .  The 

a iount  of concavity o r  convexity is neasured by t h e  depth of t he  p a t t e r n ,  

i . e . ,  t ! e  maximum d i s t a n c s  fro11 a  s t r a i g h t  l i n e  joining t h e  ou t s ide  groove 

depth and t h e  inner  groove deptn a s  sho~;n i n  Figure C of A ~ ~ e n d i x  ::. 
The second p a t t e r n  c h a r a c t e r i s t i c  t o  be discussed is lack of sy rne t ry  

about t h e  i a t e r a l  center--?,ore wear cn oRe s i d e  than the  o ther .  This  

l The odds r a t i o  and sicjnificar-.ce l e v e l  were obtzined by F l o r a ' s  RIDIT$ 
technique. J . D .  Flora,  -- op - c i t .  



Table 39 

Tread Depth Range on Each T i r e  
(Maximm-Yinimurn Groove D e ~ t h )  

- 

Front T i r e s  Sear T i r e s  

--------- + ---------------- $- ------------ 
I I 

0 I A29 20.5 1 48 4 24.0 
1 1 668 33.0 1 595 29.6 
2 1 458 23.1 1 4 1 2  20.4 
3 1 244 12.0 1 238 11.8 
d I 1 i l 5.5 I 137 6 .S 
5 I ?7 2.3 1 5 9 3.4 
6 1 3 9 1.9 1 4 0 2.0 
7 1 16 0.8 1 2 1 1.0 
I! 1 4 0.2 I i 1 0.5 
9 I 4 0.2 I 6 0.3 
1 C I 1 0.0 i 0 0.0 
11 I 0 C.0 I 2 0.1 

I I 
To ta l  I 2026 100.0 j 2015 100 .O 

I I 
< 2/3 2 - 1 1565 77.2 1492 74.0 

_______----1--1----.-------II---------I-I-------- 

r a t t e r n  is usua l ly  c h a r a c t e r i s t i c  of improper t o e ,  but  can be caused bl 

i nco r rec t  c m b e r .  

P a t t e r n  - Concavity/Convexity -- - 

The d i s t r i b u t i c n  (densicy func t ion)  of t h e  depth of concavity/convexity 

is shokr! i n  Figure 5. Concave p a t t e r n s  a r s  nore  common than convex 

pa t t e rns .  3 ; s  is s ~ l r p r i s i ~ g  s i n c e  i t  is  c h a r a c t e r i s t i c  of continuer! 

o v e r i n f l a t i o n ,  while  one might expect m d z r i n f l a t i o n  t o  be yore cornyon. The 

mode is a t  zero ,  xhich represents  a l i n e a r  pa t t e rn .  Yote thak new ?asser,ger 

c a r  t i r e s  have ou t s ide  grooves about 2/32 deeper than middle grooves. Thus, 

a  new t i r e  would be conczve with a p a t t e r n  depth of 2/32. This  nay account 

f o r  t h e  ske~cness of F igure  5. 

I n  t h e  d iscuss ions  OE concz,vi ty/c~nvexi ty t o  ;'o?low, t he  pa t t e rns  hsve 

been t r ichotonized  i n t o  groups t h a t  a r e  concave, convex, and l i n e a r .  The 

l i n e a r  grcup has been expanded l o  include those  with p a t t e r n  depths ~f -1/32 



FIGURE 5 
DEPTH OF TREAD WEAR PATTERN 

OF TIRES I N  RCCIDENTS 
NEGATIVE VALUES INDICATE TREflD LOW I N  CENTER 
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t o  +1/32 inch inciusive. This represents  the resolut ion of depth 

measurements and is probably not  an opera t ional ly  s i g n i f i c a n t  departure from 

l inea r .  

Pa t t e rn  d i r e c t i o n  by wheel pos i t ion  is given i n  Table 40. The rea r  

tires have a higher incidence of concave pa t t e rns ,  with fewer l i n e a r  and 

convex patterns.  The di f ferences  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  the  0.000 

level .  The s i d e  t o  s i d e  d i f ferences  a r e  small. 

Table 40 

Tread Wear Pa t t e rn  Direct ion 
and Wheel Posi t ion  

-- - ---- ----- 
I Number of T i res  
I and Row Percent 

Posi t ion  I Direction 

I Concave Linear Convex --- .p,-------- 

I 
Left  Front I 270 551 162 

1 27.5 56.1 16.5 
I 

Right Front I 287 522 173 
I 29.2 53.2 17.6 
I 

Lef t  Rear I 377 418 79 
I 43.1 47.8 9.0 
I 

Right Rear I 3 69 4 35 6 6 
I 42.4 50.0 7.6 

Table 41 gives  the  pa t t e rn  d i rec t ion  by carcass  type and t h i s  t a b l e  is 

a l s o  s i g n i f i c a n t  a t  the  0.000 level .  Radials have a high (66.6%) incidence 

of l i n e a r  pat terns ,  while both b ias  and belted-bias t i r e s  have a high 

incidence of concave pat terns .  Consistent with t h i s ,  t h e  rad ia l  t i r e s  a l so  

have a higher incidence of lmifonn ( f l a t )  pa t t e rns  (29% f o r  r ad ia l s ,  7% for  

belted-bias, and 9% f o r  b i a s ) .  Since the rad ia l s  a r e  a newer construction,  

one might expect the  higher incidence of uniform and l i n e a r  pa t t e rns  on 

r a d i a l s  t o  r e s u l t  from l e s s  wear on these  t ires and hence, less opportunity 



t o  develop wear pat terns .  However, the  mean groove depths (averaged over 

a l l  grooves on a l l  t i r e s  of each construction) d i f f e r  l i t t l e .  They a r e  9.1 

(32 's )  on the  b ias  t i r e s ,  8.7 on belted-bias, and 9.2 on radia ls .  

Table 41 

Tread Wear Pat tern  Direct ion 
and Carcass vpe 

- - - - - - - - - - - -- - - 

I Number of T i res  
I and Row Percent 
I - 

Carcass Type I Direction 
I 

I Concave 
- 

Linear Convex 

I 
Bias Ply I 38 6 193 55 

I 60.9 30.4 8.7 
I 

Belted-Bias Ply I 459 274 142 
I 52.5 3.1 .3 16.2 
I 

Radial Ply I 446 1448 279 
I 20.5 66.6 12.8 

Table 42 gives  the  pa t t e rn  d i r e c t i o n  by t i r e  aspect r a t io .  Only two 

r a t i o s  a r e  common, 0.70 and 0.78. The di f ferences  in  t h e d i s t r i b u t i o n s o f  
2 0.70 and 0.78 a r e  not  s i g n i f i c a n t  ( X  =0.8, d.f.=2). Ti res  with an aspect  

r a t i o  of 0.60 a r e  l i k e l y  t o  have a convex pa t t e rns ,  s i g n i f i c a n t l y  more 
2 frequently than f o r  s e r i e s  70 t i r e s  (X =11.8, s i g  level  = 0.003). The 

d i s t r i b u t i o n s  fo r  o ther  r a t i o s  d i f f e r ,  but a r e  based on small numbers of 

cases. 

Pat tern  d i rec t ions  by model type a r e  given i n  Table 43. Passenger ca r s  
2 and small t rucks  a r e  s i g n i f i c a n t l y  d i f f e r e n t  (X=33, d.f.=l) with 

e s s e n t i a l l y  an interchange of the  incidence of concave and l i n e a r  pat terns .  

This is not surpr is ing s ince  truck t i r e s  a r e  more l i k e l y  t o  be in f l a ted  f o r  

load capacity than f o r  comfort o r  handling charac te r i s t i c s .  Differences 

among the  four passenger car  models a r e  a l s o  s i g n i f i c a n t  a t  the  0.000% leve l  
2 with X =48, d.f.=6. Subcompacts have the  h ighes t  incidence of concave, 



Table 42 

Tread Wear Pa t t e rn  Direct ion 
and T i r e  Aspect Ratio 

- - I I -  -- 
I Number of T i res  
I and Row Percent 

Aspect Ratio I Direct ion 
--- 

I Concave Linear Convex -- +-,------ 
I 

0.50 I 3 .I, 1 0 
I 75.0 25.0 
I 
I 3 5 22 6 
I 55.6 34.9 9.5 
I 

while f u l l  s i z e  ca r s  have the  fewest. Conversely, f u l l  s i z e  ca r s  have the  

g r e a t e s t  incidence of convex pa t t e rns  and subcompacts the  lowest. While 

these  d i f fe rences  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t ,  they pay not be 

opera t ional ly  s ign i f i can t .  

The pa t t e rn  d i r e c t i o n s  were a l s o  examined by i n f l a t i o n  pressure. The 

t ires used here  were l imi ted  t o  load range B with no suspected l o s s  of 

pressure during t h e  accident.  Table 44 g ives  the  r e s u l t s  of an ANOVA t e s t  

of t h e  means. The mean pressures  do not d i f f e r  s i g n i f i c a n t l y  except between 

concave and l i n e a r .  The Mann-lhitney t e s t  of ranks a l s o  indica tes  a 



Table 43 

Tread Wear Pa t t e rn  Direct ion 
and Model Type 

I Number of Ti res  
I and Row Percent 
I - - - 

Model Type I Direct ion 
I ------- 
I Concave Linear Convex 

I 
Fu l l  s i z e  I 

I 
I 

Intermediate I 
I 
I 

Compact I 
I 
I 

Sub-cornpact I 
I 
I 

Total of above I 
I 
I 

Small t rucks I 
I 

d i f ference  between the  concave and l i n e a r  groups (with a l eve l  of 

s igni f icance  of 0.04) . However, the  d i f ference  i n  means is so small-0.46 

psi--that i t  is very doubtful i f  it is of any consequence. 

Lack of a more pronounced associa t ion  between pat tern  d i rec t ion  and 

i n f l a t i o n  pressure is surpr is ing  s ince  r e l a t i v e  i n f l a t i o n  pressure is one of 

the  primary mechanism of pa t tern  generation. However, the  pa t tern  is a 

function of the  h i s to ry  of i n f l a t i o n  over t h e  e n t i r e  period of wear, ra ther  

than the  pressure a t  a s i n g l e  point  i n  time. 

Pat tern  Asymmetry 

The second c h a r a c t e r i s t i c  of wear pa t tern  examined is asymmetry of 

wear. Asymmetric wear is simply t h e  l o s s  of more tread from one s i d e  of a 



Table 44 

Means Tes t  of I n f l a t i o n  Pressure 
by Wear Pa t t e rn  Direct ion 

--- - - 1 _ - _ 1 _ -  -- 
Load Range B t i r e s  with no suspected pressure l o s s  -- -------- 

Pa t t e rn  Mean Pressure Standard Deviation 
Direct ion i n  PSI of the  Mean 

Concave 

Linear 

Convex 

Between Group: F s t a t i s t i c  = 2.2 Degrees of freedom = 2 Signi f icance  

l e v e l  = 0.12 

t i r e  than from t h e  o ther .  The de r iva t ion  of t h i s  wear c h a r a c t e r i s t i c  from 

the  mathematical representa t ion  of the  groove depth p r o f i l e  is discussed i n  

Appendix C. Br ief ly ,  t h e  asymmetry was c l a s s i f i e d  i n t o  groups depending on 

h e t h e r  they were worn more heavily on the  outs ide ,  ins ide ,  f l a t  (un i fom 

dep th ) ,  o r  were symmetrical but not  f l a t .  This  was done by considering t h e  

loca t ion  of the  minimum depth of convex pa t t e rns ,  t h e  maximum f o r  concave 

pa t t e rns ,  o r  the  s ign  of the s lope  of l i n e a r  wear. The incidence of the  

asyrmnetry c l a s s i f i c a t i o n s  f o r  a l l  t i r e s  i n  the  accident  da ta  is presentee! i n  

Table 45.l I n  t h i s  and subsequent t a b l e s  the  a s p m e t r y  w i l l  be c l a s s i f i e d  

by t h e  loca t ion  of maximum wear (minimum t read groove depth) .  T i r e s  i n  the  

outs ide  and ins ide  ca tegor ies  include cases of convex o r  concave p a t t e r n s  

with t h e  a x i s  of symn-,etry displaced l a t e r a l l y  from t h e  mid-point of the  

t i r e ,  and those with l i n e a r  wear with a non-zero slope. I n  subsequent 

t a b l e s  the  t i r e s  with f l a t  pa t t e rns  w i l l  be aggregated with the  s -pmet r i ca l  

cases. 

The d i s t r i b u t i o n  of the  loca t ion  of maximum wear is given f o r  each 

wheel pos i t ion  i n  Table AG, Left-front t i r e s  a r e  worn on the  ins ide  more 

Table 45 and subsequent t a b l e s  on asyrmnetry exclude 193 t i r e s  f o r  which 
t h e  t read  depth da ta  a r e  not complete. 



Table 45 

Incidence of T i r e  Tread Wear Asymmetry 

Location of 
Maximum Wear Number of T i r e s  Percent  --- ------ 

Outside 1012 26.8 

Symmetrical 582 15.4 

Ins ide  1421 37.7 

F l a t  (uniform depth)  

Missing Data 258 -- -------- --- 

f requent ly  than r igh t - f ront  t i res,  and more f requent ly  than they a r e  on t h e  

outs ide .  Right-front t i r e s  a r e  worn on t h e  i n s i d e  and o u t s i d e  with equal 

frequency. The d i f f e r e n c e  between r igh t -  and l e f t - f r o n t  t i r e s  is 
2 s i g n i f i c a n t  a t  the  0.0001 l e v e l  ( X  =18.8, d.f .=2).  

Table 46 

Wear P a t t e r n  Asymmetry by Wheel Pos i t i on  

- - --- ------------------- 
Number of T i r e s  

and Column Percent  

I Pos i t i on  
Location of 1 - --- - 
Maximum Wear I Le f t  Right Le f t  Right 

I Front Front  Rear Rear 
t - ------- 
I 

Outside 1 253 329 226 2 04 
I 25.6 33.3 25.1 22.8 
I 

Symmetrical I 335 3 38 3 50 318 
I 33.8 34.2 38.9 35.5 
I 

I n s ide  1 402 322 324 373 
40.6 32.6 36.0 41.7 -- I - -- 



The di f ference  i n  wear pa t t e rns  on the  two rear  t i r e s  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 ,  but the  magnitude of the  d i f ference  is l e s s  than on t h e  f r o n t  

t i r e s .  S imi lar ly ,  the  f r o n t  t i r e s  a s  an aggregate have a  d i s t r i b u t i o n  

s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  of the  r ea r  t i r e s ,  but of a  small 

magnitude. 

Asymnetry by model type is given in  Table 47. Differences i n  the  t a b l e  
2 (5x3) a r e  s i g n i f i c a n t  a t  the  0.0002 l e v e l  with X =29.8 and 8 degrees of 

freedom. Compacts have the  highest  incidence of low t read  on the  outside,  

while small trucks have the  highest  incidence on t h e  inside. Nearly equal 

proportions of a l l  ca r s  have symmetrical wear pa t terns ,  although trucks have 

s u b s t a n t i a l l y  fewer. 

Table 47 

Wear Pa t t e rn  Asymmetry by Nodel Type 

Number of T i res  
and Colum Percent 

I rwdel 
Location of I- -- -- 
Maximum Wear l Fu l l  S ize  1 Intermediate ICompact l Subcompact l Small Truck 

1 I I I I 
Outside 1 203 1 209 1 209 1 258 1 130 

1 24.2 1 26.3 1 24.1 1 28.7 1 36.0 
I I I I I 

Symmetrical1 311 1 274 1 310 1 336 1 105 
1 37.1 1 34.5 1 35.7 1 37.4 1 29.1 
I I I I I 

Inside 1 325 1 312 1 350 1 304 1 126 
1 38.7 1 39.2 1 40.3 1 33.9 1 34.9 

The d i s t r i b u t i o n  of asymmetry f o r  dry road surfaces  is compared t o  a l l  

o ther  surface  conditions (wet, snow, ice)  i n  Table 48 f o r  passenger ca r s  

only. The d i f ferences  a r e  small ,  but they a r e  s i g n i f i c a n t  a t  the  0.04 l e v e l  
2 with X =6.5 and 2 degrees of freedom. The d i s t r i b u t i o n  f o r  wet surfaces 

only is outside,  23.9%; symnetrical,  34.9%; ins ide ,  41.2%. This 
2 

d i s t r i b u t i o n  is not s i g n i f i c a n t l y  d i f f e r e n t  than f o r  dry surfaces  (X =2.2, 

d.f.=2). Thus, the  s igni f icance  i n  Table 48 is l a rge ly  because of the  



winter accidents  on snow o r  ice. 

Table 48 

Wear Pa t t e rn  Asymmetry by Road Surface Condition 
Passenger Cars 

I Number of T i res  
I and Column Percent 

Location of I-- -- - 
Maximum Wear I Surf ace 

I - 
I Dry Other 

I 
Outside I 

I 
I 

Symmetrical 1 
I 
I 

I ns ide  I 
I 

The associa t ions  of asymmetry with road surface  coverings t h a t  a r e  

s t a t i s t i c a l l y  s i g n i f i c a n t  a r e  small,  and i t  is not y e t  possible t o  iden t i fy  

them a s  causal accident  fac tors .  

The asymmetries of wear on t i r e s  of c a r s  i n  one- and two-vehicle 

accidents  a r e  compared i n  Table 49. The d i f ferences  a r e  s ign i f i can t  a t  the  
2 0.0002 l e v e l  (X =17.3, d.f.=2), with m r e  t i r e s  with wear on the  outs ide  i n  

single-vehicle accidents.  Asymmetry is a l s o  s ign i f i can t ly  d i f f e r e n t  among 

t h e  types of two-vehicle co l l i s ions .  This is shown i n  Table 50 f o r  which 
2 X =28.3, d.f.=6. Vehicles involved i n  head-on o r  in te r sec t ion  accidents  

have a high incidence of maximum t read wear on the  inside,  while vehic les  i n  

rear-end c o l l i s i o n s  have a high incidence of symmetrical t read wear. 



Table 49 

Wear Pattern Asymmetry 
by Number of Vehicles in Accident 

Passenger Cars 
-- - -- - ------------ 

I Number of Tires 
I and Column Percent 
/-- 

Location of Maximum Wear Number of Vehicles 
in Accident 

I 1 2 
--.-------- - 

I 
Outside I 404 475 

I 28.6 23.9 
I 

Symmetrical 1 527 704 
I 37.3 35.4 
I 

Inside I 482 809 
34.1 40.7 --- I -- ---- 



Table 50 

Wear P a t t e r n  Asymmetry by Type of 
C o l l i s i o n  f o r  Two-Vehicle Accidents 

Passenger Cars 

Number of T i r e s  
and Column Percent  

Location of Maximum Wear I I n t e r s e c t i o n  
I Head-on (L and T )  Rear-end Others 
I --- I 

I 
Outside 1 109 310 5 1 5 

1 28.6 22.8 23.5 16.7 
I 

Symn-ie t r i c a l  1 118 484 98 4 
1 31.0 35.6 45.2 13.3 
I 

In s ide  1 154 566 68 21 
I 40.4 41.6 31.3 70 .O 





APPENDIX A 

Control Population Data Col lec t  ion Form 
with 

Selected Univariate Percentages 



HIGHWAY SAFETY RESEARCH INSTITUTE 

TIRE CONDITION SURVEY 

POLICE FORM 
NUMBER 

CAR MODEL 

TIRE TYPE ( c h e c k  one) : 

UNKNOWN 

BELTED BIAS PLY 

BIAS PLY 

RADIAL PLY 1 32.5 1 31.9 / 32.2 1 32.3 I 
- 

TIRE PRESSURE ( P S I )  

16.3 

TREAD DEPTH ( C e n t e r  
groove, 3 2 n d 1 s  i n c h )  

CHECK I F  PRESENT: 

16.3 

CUPPING 

UNEVEN TREAD WEAR 

BULGES OR BREAKS 

TREAD SEPARATION 

16.4 

S I Z E :  RF 

15.6 



APPENDIX B 

Individual Case ~ b m m r i e s  of 
Accident-Involved Vehicles with 

Radial Tires Mixed with Non-Radial Tires 

(Unless otherwise indicated, 
all tires have regular 

highway tread) 



Case HS 2180 

1974 Dodge Charger 2-door sedan, Drinking d r ive r  f e l l  a s l eep  on a gen t l e  

curve i n  an urban area. Spun t o  l e f t ,  sideways in to  a t r e e  a t  r i g h t  f r o n t  

door. Speed before impact 45 mph. 

CDC = 03RPAW4, crush 23 in. 

One occupant, alcohol noted. 

Dry asphal t  pavement a t  2:19 am. 

T i res  : Right Lef t  

Front - Construction Belted-Bias Belted-Bias 
Size  F78-14 F70-14 
Tread Depth 5/32 in. 5/32 in. 
I n f l a t i o n  Pressure 26 p s i  24 p s i  

Rear - Construction Radial Radial 
Size  HR78-14 HR78-14 
Tread Depth 6/32 in. 5/32 in. 
I n f l a t i o n  Pressure 25 p s i  26 p s i  



Case OK 2415 

1974 Chevrolet Van 20. S ingle  vehic le  c o l l i s i o n  on US-10. Ran through a 

puddle, Slewed r i g h t  over 5" curb, ro l led  t o  r igh t ,  s l i d  on r i g h t  s ide ,  

ro l l ed  down embankment onto l e f t  s ide ,  skidded on l e f t  s i d e ,  ro ta ted  back on 

wheels. 

CDC = 00LEA03 Prim. crush 7 in. 
OORDAOl Sec. crush 3 in. 

One occupant, no alcohol  noted. 

6 l a n e  divided depressed expressway, concrete - no ra in ,  but  pavement 

puddled. 

Ti res: Right Lef t  - 
Front - Construction Belted-Bias Belted-Bias 

Size  unknown unknown 
Tread Depth 5/32 in.  7/32 in. 
I n f l a t i o n  Pressure 28 p s i  Deflated i n  crash 

Rear - Construction Belted-Bias Radial 
S ize  L78-15 LR78-15 
Tread Depth 10/32 in. 2/32 in. 
I n f l a t i o n  Pressure 33 p s i  26 p s i  



Case OK 2805 

1973 Cadi l lac  Cala is ,  Head-on c o l l i s i o n  with a 1973 Chevy pickup. Cadi l lac  

d r ive r  sa id  she  went over t h e  c e n t e r l i n e  because of i ce ,  s t ruck o the r  

vehicle head-on. Other vehic le  was dr iv ing without l i g h t s  ( a t  1:40 a.m. on 

a December morning) . Neither d r ive r  drinking. 

2 lane  asphal t  road, snow covered i n  moderate snowfall. 

Speed - case vehicle 1 5  mph a t  impact. 
o ther  vehicle could not be located. 

CDC = 12FREW1, crush 9 in. 

Tires: Right 

Front - Construction Radial 
Size  225-1 5 
Tread Depth 7/32 in. 
I n f l a t i o n  Pressure 20 p s i  

Rear - Construction Radial 
Size  225-15 
Tread Depth 7/32 in. 
I n f l a t i o n  Pressure 20 p s i  

Lef t  

Belted-Bias 
unknown 
10/32 in. 
20 p s i  

Radial 
225-15 
2/32 in. 
20 p s i  



Case HS 2272 

1972 Buick Skylark 2-dr, H.T. Driver ran red l i g h t  a t  in tersect ion,  s truck 

i n  l e f t  s i d e  a t  "C" p i l l a r .  Driver & pass (unknown age, e tc . )  f l ed  from 

scene. Speed before and a t  impact 26 mph. 

CDC = 10LZ~b13, crush 12 in. 

Two occupants, asphal t  pavement - s l ippery ,  snow 
covered a t  4:40 p.m. 

Tires:  Right Left  - 
Front - Construction Radial Radial 

Size GR70-14 GR70-14 
Tread Depth 4/32 in. 3/32 in. 
In f l a t ion  Pressure unknown 22 ps i  

Rear - Construct ion Belted-Bias Belted-Bias 
Size H78-14 H78-14 
Tread Depth 4/32 in. 0/32 in. 
I n f l a t i o n  Pressure Deflated 21 p s i  

i n  crash 



Case OK 2680 

1973 Olds Toronado. Single vehic le  co l l i s ion .  Driver went through a "T" 

in te r sec t ion  i n t o  a house, Told po l i ce  brakes f a i l e d ,  but pol ice  t r i e d  them 

and sa id  they worked OK. Driver a l s o  s a i d  acce le ra to r  stuck. Inves t igator  

could not check because of jammed hood. 

Speed before impact 25, a t  impact 20 mph. 

CDC = 12FDEW2 p r i .  house crush 18" 
12FLMS1 sec. chain l i n k  fence 

One occupant, no alcohol noted. 

Road: 2 lane  asphal t ,  dry,  no precip. 

Tires:  Right Lef t  - 
Front - Construction Radial Radial 

Size LR70-15 LR70-15 
Tread Depth 12/32 in. 12/32 in. 
I n f l a t i o n  Pressure 25 p s i  25 p s i  

Rear - Construction Belted-Bias Belted-Bias 
Size  578-1 5 578-15 
Tread Depth 4/32 in. 6/32 in. 
I n f l a t i o n  Pressure 21 p s i  27 p s i  



Case US 2407 

1972 Mercury Monterey, 4-D00r Sedan. Wo vehicle c o l l i s i o n  on Michigan 

Avenue e a s t  of Ypsilanti .  The case vehicle pulled out  of a pr ivate  drive,  

across the  Eastbound lanes of Michigan, in to  the  path of a Westbound Vega. 

Was struck i n  the  l e f t  r ea r  door and rear  wheel area. 

CDC=O>RZE;W-2, crush 6 in. 

One occupant, no alcohol noted. 

5 lane  pavement, dry, c l ea r ,  daylight  

Tires: Right 

Front - Construction Radial Radial 
Size HR 78-15 HR 78-15 
Tread Depth 5/32 in. 7/32 p s i  
I n f l a t i o n  Pressure 32 p s i  31 ps i  

Rear - Construction Radial Bias (retread) 
Size LR 78-15 H 78-15 
Tread Depth 6/32 in. 1/32 in. 
In f l a t ion  Pressure unknown 15 p s i  



Case HS 2450 

1974 Mercury Montego, 2-dr. hardtop. Two vehic le  c o l l i s i o n  on Hamilton. 
Case vehic le  entered an in te r sec t ion  from t h e  north and was s t ruck by a 
westbound Volkswagen Rabbit which ran a s t o p  s ign  on an in te r sec t ing  
two-lane s t r e e t .  

CDC=10-LPEW-3 crush 11 in. 

4 occupants,no alcohol noted on p a r t  of case vehic le  dr iver .  

4 lanes ,  asphal t  - raining,  night  

T i res  : Right Lef t  - 
Front - Construction Bias Bias 

Size  G 78-14 G 78-14 
Tread Depth 0/32 in.  0/32 in. 
I n f l a t i o n  Pressure 32 p s i  33 p s i  

Rear - Construction Be1 ted-Bi a s  Radial 
Size  G 78-14 FR 70-14 
Tread Depth 4/32 in. 5/32 in. 
I n f l a t i o n  Pressure 25 p s i  15 p s i  



Case HS 2496 

1974 AMC Gremlin. S ingle  vehic le  c o l l i s i o n  on Austin Road. Westbound 
on a ru ra l  road e a r l y  i n  the  morning. Dr i f ted  across  the  l e f t  lane,  
s t r i k i n g  f i r s t  a fence, then a barn. 

CDC=03-RPEN-2 prim. crush 12  in. 
12-FDEW-1 sec. crush 14 in. 

1 occupant, alcohol  noted. 

2-lane asphal t ,  damp, dark. 

Tires:  Right Lef t  - 
Front - Construction Radial Radial 

S ize  DR 78-14 DR 78-14 
Tread-Depth 8/32 in.  8/32 in .  
I n f l a t i o n  Pressure 45 p s i  Deflated i n  crash 

Rear - Construction Belted-Bias Belted-Bias 
Size  E 70-14 (snow) E 70-14 (snow) 
Tread Depth 14/32 in. 14/32 in. 
I n f l a t i o n  Pressure 24 p s i  23 p s i  



Case HS 2517 

1975 Ford Custom Van. Single vehic le  co l l i s ion .  Driver f e l l  asleep,  
ran off  l e f t  s i d e  of southbound lanes  of US-23 i n t o  the  median. 

CDC=12-FI?W-l crush 1 in. (damage t i e  rod) . 
1 occupant, alcohol noted. 

4 lanes ,  divided expressway, concrete, dry, dark. 

Tires:  Right Lef t  - 
Front - Construction Radial Radial 

Size  H 70-15 H 70-15 
Tread Depth 8/32 in.  8/32 in. 
I n f l a t i o n  Pressure 26 p s i  unknown 

(def la ted)  

Rear - Construction Belted-Bias Radial 
Size  H 78-15 H 70-15 
Tread-Depth 7/32 in. 5/32 in. 
I n f l a t i o n  Pressure 21 p s i  34 p s i  



Case OK 2886 

1975 Ford Granada 2-door hardtop. S ingle  vehic le  co l l i s ion .  Ran off  
r i g h t  s i d e  of road, s truck a t r e e  i n  r i g h t  f ron t  corner, then ro l led  
onto roof. 

CDC=Ol-FZEW-3 prim. crush 25 in. (tree) 
00-WHO-1 sec. crush 5 in. 

2 occupants, both had been drinking. 

2-lane, asphal t  covered with snow o r  ice ,  dark. 

Tires:  Right Lef t  - 
Front - Construction Radial Radial 

Size DR 78-14 DR 78-14 
Tread Depth 4/32 in.  5/32 in. 
I n f l a t i o n  Pressure unknown 15 ps i  

(deflated in  
crash) 

Rear - Construction Bias Bias 
Size G 50-14 (snow) G 50-14 (snow) 
Tread Depth 10/32 in. 10/32 in. 
I n f l a t i o n  Pressure 24 p s i  23 ps i  



Case OK 2991 

1973 Chevrolet Caprice Class ic  S f i .  Two vehic le  co l l i s ion .  Case 
vehicle turned l e f t  in to  r i g h t  hand lane  of 5-lane road from a parking 
l o t  driveway i n t o  path of another vehic le ,  and was s t ruck i n  t h e  
r i g h t  s i d e  -(sideswipe). 

CDC=04-RZES-2 crush 9 in. on r i g h t  s ide.  

4 occupants, no alcohol involved. 
5 l ane  asphal t ,  raining,  dark. 

Tires: Right Lef t  - 
Front - Construction Belted-Bias Radial 

Size L 78-15 LR 78-15 
Tread Depth 11/32 in. 5/32 in. 
I n f l a t i o n  Pressure 49 p s i  29 p s i  

Rear - Construction Belted-Bias Belted-Bias 
Size G 70-15 G 70-15 
Tread Depth 10/32 in. 11/32 in. 
I n f l a t i o n  Pressure 26 p s i  unknown 

(def la ted  i n  
crash) 



Case OK 2919 

1976 Ford F-150 pickup. Two vehicle accident. Case vehicle ran a s top  
l i g h t  and struck other  vehicle which was completing a l e f t  turn. 

CDC=10-FZEW-2 crush 14 in. 

1 occupant, no alcohol involved. 

5 lane  asphalt ,  dry. 

Tires: Right Left  - 
Front - Construction Radial Radial 

Size 230-15X 230-15X 
Tread Depth 10/32 in. 9/32 in. 
In f l a t ion  Pressure 25 ps i  26 p s i  

Rear - Construction Belted-Bias Belted-Bias 
Size L 78-15 (snow) L 78-15 (snow) 
Tread Depth 5/32 in. 10/32 in. 
In f l a t ion  Pressure 31 p s i  25 p s i  



Case OK 2969 

1974 Ford LTD 4-dr. Sedan. Single  vehic le  accident. Turning l e f t  from 
5 lane  highway i n t o  se rv ice  s t a t i o n .  Driver was blinded by sun ( turning 
from South t o  East  a t  7:15 am in  May) and s t ruck l i g h t  pole which was i n  
middle of s t a t i o n  drive.  

CDC=12-FCEN-1 crush 5 in. 

5 land asphal t ,  dry. 

1 occupant, no alcohol involved. 

Tires: Right Lef t  

Front - Construction Radial Radial 
Size  HR 78-15 HR 78-15 
Tread Depth 11/32 in.  8/32 in.  
I n f l a t i o n  Pressure 31 p s i  31 p s i  

Rear - Construction Belted-Bias Belted-Bias 
Size  G 78-15 (snow) G 78-15 (snow) 
Tread Depth 9/32 in. 7/32 in. 
I n f l a t i o n  Pressure 25 p s i  30 p s i  



Case OK 3022 

1975 AMC Pacer. Single vehicle accident. Driver claims he was d i s t rac ted  
by vehicle encroaching on h i s  l e f t ,  ran off  road t o  r igh t  and s t ruck 
wrought i ron fence. 

CCC=02-RFEN-1 crush 1 in. 

1 occupant, no alcohol involved. 

4 lane  concrete, dry. 

Tires: Right Left  - 
Front - Construction Rad i a1 Bias 

Size DR 78-14 0 78-14 
Tread Depth 5/32 in. 9/32 in. 
In f l a t ion  Pressure unknown 29 p s i  

(deflated in  
accident) 

Rear - Construction Radial Radial 
Size DR 78-14 DR 78-14 
Tread Depth 5/32 in. 6/32 in ,  
In f l a t ion  Pressure unknown 28 ps i  

(deflated i n  
accident) 



Case OK 3035 

1973 Chevrolet Monte Carlo s i n g l e  vehic le  crash. Vehicle ran o f f  road, 
t o  r i g h t  and s t ruck g u a r d r a i l b r i d g e  r a i l .  

CDC=OP-FREE-9 crush 98 in. (sideswipe). 

6 l ane  (divided) concrete, dry. 

1 occupant, alcohol involved. 

Tires:  Right Lef t  - 
Front - Construction Radial Belted-Bias 

Size  GR 70-15 H 78-15 
Tread Depth 8/32 in. 4/32 in. 
Inf l a t i o n  Pressure unknown unknown 

(def la ted)  (deflated) 

Rear - Construction Radial Radial 
Size GR 70-15 GR 70-15 
Tread Depth 9/32 in. 10/32 in. 
I n f l a t i o n  Pressure 22 p s i  unknown 

(def la ted)  



Case OK 3124 

1973 Chevrolet Chevyvan 10. 'TWO vehic le  co l l i s ion .  I n  turning l e f t ,  
pulled ou t  from s t o p  s ign  and stopped i n  near lane  while waiting f o r  f a r  
l ane  t o  c l ea r .  Struck i n  l e f t  s ide .  

CDC=09-LPEW-3 crush 18 in. 

1 occupant, no alcohol involved. 

2-lane concrete, dry. 

Tires:  Right Left  - 
Front - Construction Radial Radial 

Size FR 78-14 FR 78-14 
Tread Depth 8/32 in. 7/32 in. 
I n f l a t i o n  Pressure 30 ps i  unknown 

(def la ted  in  
accident)  

Rear - Construct ion Bias Bias 
Size H 78-14 H 78-14 
Tread Depth 9/32 in. 9/32 in. 
I n f l a t i o n  Pressure 30 ps i  unknown 

(deflated i n  
accident)  



Case OK 3198 

1972 Chevrolet Sportvan 20. Single  vehic le  accident. Skidded t o  
l e f t  across l e f t  lane in to  concrete bridge r a i l .  

CDC=02-RYEN-4 crush 20 in. 

2-lane, asphal t ,  covered with snow. 

3 occupants, no alcohol involved. 

Tires:  Right Lef t  

Front - Construction Radial Radi a 1  
Size  JR 70-15 JR 70-15 
Tread Depth 10132 in. 10132 in. 
I n f l a t i o n  Pressure 16 p s i  21 p s i  

Rear - Construction Belted-Bias Radial 
Size  H 78-15 J R  70-15 
Tread Depth 10132 in. 10/32 in. 
I n f l a t i o n  Pressure 16 p s i  21 p s i  



Case OK 3239 

1976 Chevrolet Monte Carlo. Single vehicle accident. "Lost control"  and 
ran off  road t o  r igh t  in to  l i g h t  pole. 

CDC=10-LFEW-3 crush 20 in. 

3 lane concrete ramp, covered with snow, dark. 

1 occupant, no alcohol involved. 

Tires: Right Left  - 
Front - Construction Radial Radial 

Size GR 70-15 GR 70-15 
Tread Depth 7/32 in. 10/32 in. 
I n f l a t i o n  Pressure 36 p s i  33 p s i  

Rear - Construction Radial Belted-Bias 
Size GR 70-15 unknown 
Tread Depth 6/32 in.  2/32 in. 
In f l a t ion  Pressure unknown 29 p s i  

(deflated i n  
accident)  



Case OK 3275 

1975 Ford LTD 2-dr. Two vehicle co l l i s ion .  Vehicle proceeded through 
in te r sec t ion  on red s t o p  l i g h t ,  s t ruck o the r  vehic le  crossing with green 
l igh t .  

CDC=lC-LFEW-3 prim. crush 17 in. 
09-LZEW-1 sec. crush 7 in.  

4 lane  concrete, wet. 

4 occupants, no alcohol involved. 

Ti res  : Right Lef t  - 
Front - Construction Be1 ted-Bi as Belted-Bi as  

Size  H 78-15 H 78-15 
Tread Depth 11/32 in. 10/32 in. 
I n f l a t i o n  Pressure 13 p s i  21 p s i  

Rear - Construction Radial Radial 
Size  HR 78-15 HR 78-15 
Tread Depth 9/32 in. 8/32 in. 
I n f l a t i o n  Pressure 24 p s i  21 p s i  



Case OK 3322 

1975 Pontiac Astre S/W. Single vehic le  accident.  Lost cont ro l  on i c e  
while changing lanes, ran off  road t o  l e f t  and struck marker ba r re l  with 
f r o n t  l e f t .  

CDC=Ol-RFEN-2 crush 6 in.  

4-lane, divided concrete, i c e  covered. 

2 occupants, no alcohol noted. 

Tires: Right Lef t  

Front - Construction Rad i a1 Bias 
Size BR 78-13 B 78-13 
Tread Depth 5/32 in. 8/32 in. 
I n f l a t i o n  Pressure 30 p s i  23 p s i  

Rear - Construction Bias Bias 
Size  B 78-13 B 78-13 
Tread Depth 10/32 in. 9/32 in. 
I n f l a t i o n  Pressure 15 p s i  13 p s i  



Case OK 3331 

1972 Oldsmobile Toronado. Two vehic le  co l l i s ion .  Vehicle was t ravel ing 
on 8-lane divided a r t e r y  and s t ruck a vehic le  t h a t  was turning from a 
d r ive  on t h e  r ight .  

CDC=O1-FDW-1 crush 12 in. 

One occupant who had been drinking. 

8-lane divided aspha l t ,  dry. 

Tires: Right 

Front - Construction Radial 
Size  225-15 
Tread Depth 7/32 in. 
I n f l a t i o n  Pressure 22 p s i  

Rear - Construction Bias 
Size J 78-15 
Tread Depth 10/32 in. 
I n f l a t i o n  Pressure 25 p s i  

Left  - 
Radial 
2 25-1 5 
7/32 in. 
21 p s i  

Radial 
LR 78-15 
7/32 in. 
26 p s i  



APPENDIX C 

Mathematical Representation of 
Tread Wear Patterns 



The t read  on each t ire is described by a simple measurement of t h e  

depth of each groove i n  a loca t ion  not over a wear indica tor .  This  g ives  

s u b s t a n t i a l  da ta  on each t i re ,  s u f f i c i e n t  t o  descr ibe  wear pa t terns .  

However, the  f a c t  t h a t  each t i r e  is described by up t o  t e n  va r i ab les  makes 

ana lys i s  cumbersome. The technique t h a t  was used t o  represent  t h e  wear 

p a t t e r n  of each t i r e  f o r  a n a l y t i c a l  purposes is described below. 

The wear p a t t e r n  given by a depth measurement i n  each groove can be 

conceptualized i n  the  framework o f  a c a r t e s i a n  coordinate system i n  which 

t h e  groove number is the  absc issa  and t h e  depth ( i n  32nds of an inch) is the  

ordinate.  

These p i n t s  can be represented-i.e., t h e  pa t t e rn  they descr ibe  can be 

characterized-by a curve (envelope) passing through them. The curve used 

i n  t h i s  study is the  second order  equation: 

where: Y = t h e  estimated depth of  groove X i n  32 ' s  
of an inch 

X = t h e  groove number (1 - < X - < N) 

a a a = constants  unique t o  each t i r e  O f  1' 2 

Groove 1 is t h e  outs ide  groove of the  mounted t i r e  and N is t h e  number 

of grooves on t h e  t r ead  ( t h e  sidewall  "grooves" of r a d i a l  t i r e s  were not  

included i n  t h e  da ta  c o l l e c t i o n ) .  

The constants  ao,  a l l  and a2  were determined by a l e a s t  squares f i t  f o r  

each t i r e  i n  the  acc ident  sample. The number of grooves on t i r e s  i n  t h e  

da ta  set ranges from 2 (136 t i r e s )  t o  9 (2 t i r e s ) .  The tires with 2 grooves 

a r e  snow t i res  and 80% of  them were on r e a r  wheels. For t h e  sake of 

s impl ic i ty  only t i res  with 3 t o  8 grooves were f i t  with the  quadra t ic .  Thus 

1859 of t h e  2052 t i res  i n  t h e  accident  da ta  f i l e  were " f i t , "  with missing 

da ta  f o r  each c o e f f i c i e n t  f o r  193 tires. 

An example is shown i n  Figure C1. The c i r c l e d  po in t s  a r e  the  depth of 

each groove-eight i n  t h i s  example-as measured i n  t h e  f i e l d .  Values of the  

cons tants  f o r  t h e  l e a s t  squares f i t  a re :  



The curve of predicted values given by these constants  is the  s o l i d  l i n e  of 

the  figure. Other f ea tu res  of the  f i g u r e  w i l l  be explained l a t e r .  For t h i s  

t i r e  the f i t  is excellent .  

In  general the  second order function was successful i n  representing t h e  

p r o f i l e  (o r  pa t tern)  of worn t i r e s .  The root-mean-square e r r o r  ( res iduals)  

f o r  a l l  grooves of a l l  1859 t i r e s  was 0.0183 inches. Figure C2 gives  the  

cumulative d i s t r i b u t i o n  of the  maximum e r r o r  f o r  each t i r e .  Thus 50% of the  

t i r e s  have maximum e r r o r s  in  the  predicted pat tern  of 0.17/32 o r  l e s s ,  1 

while 90% have maximum e r r o r s  of 0.69/32 o r  less. Figures C3 and C4 give 

histograms of the  computed values of a. and al respectively,  while Figure C5 

g ives  the  d i s t r i b u t i o n  of a2. 

I t  may be noted t h a t  al can have large  absolute values. These should 

not be interpreted a s  high slopes. The constant ai can be interpreted a s  a 

s lope only when a2=0, i n  which case the  wear pa t tern  is l inea r .  I f  a2=0, 

the  predicted pat tern  is parabolic, and much of al r e s u l t s  from t rans la t ion  

of the  a x i s  of the  parabola away from the  or ig in ,  usually t o  a locat ion 

between the  outside groove ( X = l )  and the  ins ide  groove (X=N) . 

In terpre ta t ion  -- of the  Mathematical Representation 

The parabolic  representat ion of tread wear pa t terns  is convenient 

because only th ree  parameters a r e  required-rather than a var iable  number 

ranging up t o  eight-and because c e r t a i n  key fea tures  of the  pa t terns  can be 

readily determined. Two par t i cu la r  f ea tu res  a r e  addressed i n  t h i s  study. 

One is the  concavity o r  convexity of the  pa t tern ,  t h e  other  is unsymmetrical 

wear. 

The example shown i n  Figure C 1  has higher t read i n  the  center.  As a 

r e su l t ,  the parabola f i t t i n g  the  pa t t e rn  opens downward. Such a pa t tern  

w i l l  be denoted a s  convex, and exemplifies the c l a s s i c a l  pa t t e rn  from under- 

' This strange notat ion is used because the  bas ic  un i t  of measurement was 
1/32 of an inch, and a l l  computations a r e  i n  terms of t h i s  basic unit.  





FIGURE C2 
CUMULATIVE DISTRIBUTION OF THE MAXIMUM 

DIFFERENCE BETWEEN OBSERVED AND PREDICTED 
GROOVE DEPTH FOR EACH TIRE 
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Xidpoint  
-13*000 

Missing 
T o t a l  

P e r c e n t  Count f o r  A0 (Each X=12) 
0 .0  1 +x 

0.1 3 +X Mote: The width  of each 
0 .1  2 +X i n t e r v a l  i s  1.0. 
0.1 2 +x 
0.1  2 +x 
0 .1  3 +x 
0.1 2 +x 
0.0 1 +x 
0 .1  2 +x 

0 .1  3 +X F i g u r e  C3 
0.1 2 +x 
0.0 1 +X Histogram of the Constant  

Term i n  t h e  Second Order 
0.0 1 +X Equat ion f o r  t r e a d  P a t t e r n  
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23.000 

Miss ing  
T o t a l  

P e r c e n t  Count f o r  A1 (Each X = 2 9 )  
0.0 1 +x 

0.0 1 +X Note:  The w i d t h  of  each  
0.1 5 +X i n t e r v a l  i s  1.0. 

0.0 1 +X F i g u r e  C4 
0.0 1 +X 

His togram of t h e  c o e f f i c i e n t s  
0 0 1 +X of t h e  F i r s t  Order  Term i n  t h e  

Equa t ion  f o r  Tread  P a t t e r n  
0.0 1 +x 



Midpoint P e r c e n t  Count f o r  A2 (each 5138) 
-4.4000 0.1 2 t X  

Missing 
Tot a 1  

0.0 1 +x 
0.1 3 t x  
0.2 7 t x  
0.5 18 +X 
0.7 25 +X 
5.0 187+XXXXX 
9 8 3 6 9 +XXXXXXXXXX 

39.4 1486 +XX-XXXX- 
19.9 750 +XXXXXXXXXXXXXXXXXXXX 

8.3 314+XXXXXMM 
7 . 5  282 +XXXXXXXX 
2.7 102 +XXX 
3.0 112 +XXX 
0.6 24+X Notes: T h e w i d t h o f e a c h  
0.1 2 t X  i n t e r v a l  i s  0.2. 
0.6 24 +X 
0 .1  5 +X 889 c a s e s  e q u a l  e x a c t l y  
0.3 11 +X zero.  597 a d d i t i o n a l  c a s e s  
0.2 6 +X range from -0.15 t o  +0.15 
0.0 1 +x 

' 0.2 9 +x 
0.1  2 +x 
0.2 7 +x 

0.1 2 tx 
F i g u r e  C 5  

0.0 1 +X 
Histogram of t h e  C o e f f i c i e n t s  of 

0.1 3 +X t h e  Second Order Term i n  t h e  
Equat ion f o r  Tread P a t t e r n  

0.0 1 +X 



i n f l a t ion .  Convex pa t t e rns  r e s u l t  in  negative values of a*, while pos i t ive  

values ind ica te  concave pat terns .  A measure of the  concavity/convexity is 

t h e  depth of "dishing" shown by C i n  Figure C1 ,  where C is the  maximum 

d i s t ance  from a s t r a i g h t  l i n e  through t h e  predicted depths of the  outer  two 

grooves and t h e  parabola between the  outer  grooves. The s ign  of C is 

a r b i t r a r i l y  chosen t o  be pos i t ive  when the  p a t t e r n  is convex. 

and is 3.39 i n  the  example shown. The loca t ion  of C (groove number) is 

Groove = (N+l) /2 
C 

which is the  center  of the  t read .  

In  the  ana lys i s  reported i n  Section 3.4.3, the pa t t e rns  were t r ea ted  a s  

a trichotomy, those t h a t  a r e  concave, convex, o r  l inea r .  The l i n e a r  group 

was expanded t o  include cases i n  which 

s ince  the  measurements of depth have a resolu t ion  of 1/32, and such small 

devia t ions  from l i n e a r i t y  a r e  probably i r r e l evan t .  

The o ther  pa t t e rn  c h a r a c t e r i s t i c  examined is its l a t e r a l  symmetry. I f  

a2#0, indica t ing  a parabola, the  wear is symnetrical i f  the  v e r t i c a l  a x i s  of 

t h e  parabola is located i n  t h e  cen te r  of the  tread.  I f  the  a x i s  is off-  

center ,  t h e  wear is g r e a t e r  on one s i d e - t h e  c l a s s i c a l  wear pa t t e rn  of 

improper t o e  o r  camber. The a x i s  of t h e  parabola is located a t  the  point  of 

maximum o r  minimum t read depth given a s  a groove number by 

GMm = -a1/2a 2 a2Z0 I 

o r  a s  t h e  proport ion of the  d i s t ance  from groove 1 t o  the  inner groove, N 

by 

Location of G = -(al/2a2+1)/(N-1) 
M/M a2#0 

The loca t ion  of t h e  maximum o r  minimm-greater  o r  less than 0.5-in 

combination with the  s i g n  of a2 indica t ing  whether a maximum o r  m i n i m m a n  

be used t o  determine whether the  ins ide  o r  outs ide  has lower tread.  

I f  a2=0, the p a t t e r n  is l i n e a r .  I n  t h i s  case  t h e  s i g n  of the  s lope  

(al) ind ica tes  the  s i d e  with the  g r e a t e r  wear. I f  a2#0 and the  locat ion  of 

the  mximum o r  minimum is a t  0.5, t h e  pa t t e rn  is symmetrical. I f  both al=O 



and a2=0, the pattern is uniform (flat) and hence also s-trical. 
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Form 2/76 

HIGHWAY SAFETY RESEARCH INSTITUTE 
THE UNIVERSITY OF MICHIGAN Card 5 0 - - 

10 

VEHICLE HANDLING A N D  INJURY CAUSATION STUDY 

TEAM INVEST1 GATOR 
12 

CASE NO. - - -------- 
2 9 

INVESTIGATION DATE 
I4 

/ / 

OTHER VEHICLE CASE NO. - - -------- mo day yr  
50 27 

REPORTING POLICE DEPT. - 
22 

DATE OF ACCIDENT / - 
3U 

1 
- .  
mo day yr  

POLICE REPORT NO. ----- 
29 

TIME OF ACCIDENT ---- 
24 hour clock 90 

CASE VEHICLE ACTUALLY TOWED? OTHER VEHICLE ACTUALLY TOWED? 

( ) ~ \ E s  'to: 
4 ( ) > E s + ~ o :  h 

( )zNO reason: ( ) I  NO reason: 
( 1 3  NO OTHER VEHICLE 

I .  Investigation Complete: 
Yb 

a (  ) I Data Complete 

b ( ) z Data Incomplete 

11. Investigation Incomplete; 
I NVESTI GAT1 ON 

TERMINATED 
c (  ) 3 No Data--case could n o t  be investigated. 

reason : 

Case Did Not Meet Criteria. 
Reason : 
( ) q  Not towed from scene 

( )s Not towed for damage 
( )'b License plate no. incorrect 
( ) a  Other: 

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

SAMPLE RULE/PERIOD YEHICLE INSPECTED TOTAL CASE SLIDES -- 
" 0 1  ( 1 3  ( ?YES 

49 

KP DATE 51-56 59-58-0 



Dup 1-9 Card 5 1 - - 
A 

2/76 
LEFT-FRONT WHEEL A N D  TIRE 

r WHEEL 

I POSITION ( ) This Po r f t f an  (,) Unkno~n Posi t ton 
4 . 1  1 P E T E  ( ) Yes ( ) ~o,why 

I L )Unk I 
t 

TREAD TYPE - 
4.7 

INTENDED USE 
(1) L ~ l a r  (3) Studded Snw (5) %q/Chins (8) 0 t . r  

ib 
09 Pus. Qr I31 Off Rord (8) 0-r 

(2) a 6  S n a  (4) Sm/Chr in r  (6) Slick (9) lwMm 
0 

(2) Light 7- (4) T ra l l a r  (9) ~nhm - + - - -  SIZE! 
5 r J  la' 

" BRAND k- --- 
;1 2Y Z MODEL 
0- --- 
cI 3% 

DOT CODE* 
- - - - - - _ _ i - - - ,  

35 tb 

LOAD RANGE* - M A X ~ U M  LOAD* ---- 
47 

MAXIMUM PSI * 
+O Si -  

RETREAD ( ) No ( ) Yes ( ) Unk 
st = I 9 5s I 

TUBE ( )  No ( 9  Yes (,) Unk - 
, CARCASS TYPE ( ) Bias ( ) Belted-Bias ( ) Radial ( ) Other ( ) Unk 
0 56 J 2 3 9 9 ** *.. 

g NO. TREAD PLIES * 
3 

- BELT MYERIAL 
s7 

-- 
58 

0 - 
CZ SF (9 

e; NO. SIDEULL PLIES* 
Z 
I SIDEWALL MATERIAL - 

0 ( r a  cJ 
o U(IOIW 9 (0) None (2 )  Ryan (4 )  Polycrtcr (8) Other 

I (1) Nylon (3)  F f k r g l a s s  ($1 Steel (9) Unk 

Duo 1-9 Card 5 2 
I 

- 
mrr c~mvc TREAO DEPTHu NO. GROOVES " 

7- i 

I CUPPING ,( ) No (,) Yes ( ) Unk 
9 

PRESSURE LOSS SUSPECTED 

PSI * 3- 3 b 6,) None ( L )  Pre-crash ( 3 ) eras  
5 NUMBER OF SLIDES* 
Q - (,,I Post-crash (@) Unknown time 
r * 

DAMAGED a( ) NO ( ] Yes ,describe 
A I ( )Unk 

I DAMAGE CONTRIBUTORY TO ACCIDENT ( ),, Not Damaged ( ), No ( ), Yes (.) Unk I * 



Dup 1-9 Card - 5 - 3 
R 

RIGHT-FRONT WHEEL A N D  TIRE 

WHEEL 
I 1 

INSPECTED ( ) Yes ( ) No,whv ( ) U n k  
1 2 

A 
ORIGINAL EOUIPMEYT ( Yes ( ) No, d e s c r i b e  ( ) U n k  

r j j  / L. 
fE 

DAMAGED ( ) No ( ) Yes, d e s c r i b e  ( ) U n k  
rt a I 4 

TI RE 
1 1 POSlilON ( ) T h i s  P o s i t i o n  ( ) Unknown P o s i t i o n  

I 4 

I INSPECTED ( ) Yes ( ) No,why ( ) U n k  
k I a P 

TREAD TYPE INTENDED USE - 
I .I 0 8 

(1) bgular ( 3 )  Studded Snw (5) Req/C)ufns (8) Other (1) Pass. ur 13) OIf b a d  (8) Ottvr 

(2)  I/S Snar (11 Snwlthains (6 )  Slick (9) U n t m  (2) L ight  Truck (4 )  Trailer (9) Untnw 
0 - SIZE: r - - - - - - - - - - - -  
4 1 9  
U 

L1I 

" BRAND L-  --- 
u 
b t Y  

5 MODEL 
a- --- 
n 3 r  

DOT CODE* ------------ 
3s * I 'LOAD RANGE* - K4XIMUM LOAD* MAXIMUM PSI  * I - --- 

4l w - - I  ;a I RETREAD ( ) No ( ) Yes ( Unk 
54 2 1 9 

TUBE ( ) No ( ) Yes ( ) Unk - s 2 I T 

1, CARCASS TYPE ( 1 Bias ( ) B e l t e d - B i a s  ( ) R a d i a l  ( ) O t h e r  ( q )  Unk 
0 5. ' 2 3 a 

BELT MATERIAL -- 
5d SF 

SIDEWALL FATERIAL - 

Dup 1-9 Card 
WIR CFOOVE TREAD DEPTK" NO. GROOVES " -- 

I2 . -- - -- -- -- -- -- -- -- -- 
W M U M  - 9 ' s  33 I CUPPING,( ) No ( ) Yes ( ) Unk 

Z I 9 
PRESSURE LOSS SUSPECTED j ,  

;I P S I *  
0- -- (, ) None (& )  P r e - c r a s h  ( ) Cras 
u 3 6 3 

NUMBER OF SLIDES* 
n [+) P o s t - c r a s h  (.) Unknown t ime  
Z P 
Q DAMAGED #( ) No ( ] Yes,describe ( )Unk 

A I 
'I i I DAMAGE CONTRIBUTORY TO A C C I D E N T  ( )3 # a t  Damaged ( ) 0 ( ) ,  Yes (-)3nk / 

+c' 



Dup 1-9 Card -- 5 5 

LEFT-REAR WHEEL AND TIRE 
WHEEL 

C 
--- 

I 

INSPECTED ( ) Yes ( ) No,why 
It I 2 

( )Un k 

ORIGINAL EQUIPMENT ( ) Yes ( ) No, describe (Y)Unk 
2 13 1 a 
3: 

DAM4GED ( ) No ( ) Yes, describe ( )Unk 
r )  2 I 4 

TIRE 
i 

I POSITION ( ) This Posi t ion ( ) Unknown Posi t ion 
'r I B 

TREAD TYPE - 
17 

I N T E N D E D  U S E  
id 

(1) Lqular ( 3 )  Studded Sncr (51 Reg/Chins (8) Other (1) PUS. Clr 13) ~f b a d  (8) 0thr 

(2) R/S Snw (1) S n ~ r / C h l n s  (6)  Slick ( 9 )  wncw (2 )  L l p l t  lrucJ( ( 4 )  Trailer (9)  l k k n m  
0 - SIZE'  b - - - - - - - - - - -  
4 49 LrJ 

" BRAND k- - - -, 
u 
C 29 1 
5 MODEL 
0 -  

I _. - I 

u 
3% 

D O T  CODE* ------------ 
3s +b 

LOAD RANGE * - MAXIMUM LOAD* ---- MAXIMUM PSI * - - 1  

+7 +3 5; 

RETREAD ( ) No ( ) Yes ( ) Unk 
51 2 I 9 Y a  I 7 

TUBE ( ) No ( ) Yes ( ) Unk - I 
I 

J 

I6 CARCASS TYPE ( 1 Bias ( ) Belted-Bias ( ) Radial ( ) Other ( ) Unk 
5 b  1 2 3 9 9 

BELT MATERIAL -- 
58 5 f  

SIDEWALL VATERIAL - 
d I 

(0) lrnr (2)  Uyan ( 4 )  Polyester (8) Other ] 

Dup 1-9 Card 5 6 
1 O V ~ ~ R  GPWC T R E A D  DEPTH" - NO. GROOVES " 

7 -  I 
I CUPPING,( z ) No (,) Yes ( ) Unk 

9 
PRESSURE LOSS SUSPECTED ,,, 

I = PSI* 
0- 

-- (, ] None (2 Pre-crash ( ) Crash 
3 b  3 

CI 

~ 3 .  NUMBER OF SLIDES* 
0 + ' a 

I (: ) Post-crash ( 1 Unknown t i m e  I 

Z 91 
DAMAGED n( ) No ( Yes ,describe 

L. I 

1 DAMAGE CONTRIBUTORY TO ACCIOEKT ( 1 Not D a m a g e d  ( ), No ( ), Yes ( )Unk 1 
9v 



Dup 1-9 Card - 5 7 - 
2/76 

RIGHT-REAR WHEEL AND TIRE 

r WHEEL 
4 

I N S P E C T E D  ( ) . ( ) No,why ( J u n k  
I f  I z 

O R I G I N A L  E Q U I P M E N T  ( ) Yes ( ) N o ,  describe (YIUnk 
x 13 I 2 
3 

D A M A G E D ( ) N o ( ) Y e s , d e s c r i b e  ( )Unk  
1 r )  2 I 'r 

TIRE 

/ P O S I T I O ? 4  ( ) This  Pos i t i on  ( ) Unknown Pos i t i on  
Q I 4 I JNSPECTED ( ) Yes ( ) No,why 

I L ( ) U n k  9 

TREAD T Y P E  - 
I ,1 

INTENDED USE 
18 

(1) Regular ( 3 )  Studdrd Snw (51 Rtg/Chains (8) Wer (1) Pus-  br 13) Wf Road (a) othr 

z (2) N/S S n a  (1) SnwfChtns (6 )  S l ick  (9) Ulbm 
0 

( 2 )  LfghtTrud (4 )  Trailer ( 9 )  Untnm 

", SIZE: ----------- s I 9 21 

-. 
MODEL 

n- - - -  
u 3 L  

DOT CODE* ------------ 35 Y P" 

LOAD M~GE * - PAXIMUM LOAD* - - -  MAXIMUM PSI * 
+I 

-- 
n C L  

RETREAD ( ) No ( ) Yes ( ) U n k  
st = I Y 

TUBE ( ) No  ( ) Yes (,) U n k  - 9. 2 I 

z CARCASS TYPE ( ] B i a s  (&) Belt~d-aias ( ) R a d i a l  ( ) O t h e r  ( ) Unk 
0 5b  3 3 9 

5 NO. TREAD PLIES* 
3 

- BELT FATERIAL 
57 

-- 
53 

0 - 
P: 5 Y  (0 

t; N O .  SIDEMLL PLIES* 
Z - S I D E W A L L  MATERIAL - 
0 b# cr 
0 W ~ M I  - 9 (0) None (2)  Rayon ( 4 )  Polyester (8) Other 

I (1) Nylon (3)  Fibtqlrss ( f  j Steel (9) Unk 

DUD 1-9 C a r d  5 8 
I 

- - 
1 

O V T ~  R GVWVC TREAD DEPTH" NO. GROOVES " 
IJ- i 

1 C U P P I N G  ,( ) N o  (,) Yes ( ) Unk 
a 9 

PSI * -- 
C1 

3 6 

PRESSURE LOSS SUSPECTED 
3'1 

3 d [,) None (L) Pre-crash ( ) Cras , 
NUMBER OF SLICES * 

n - ) Post-crash (.) Unknown time 
Z 38 + 
Q DAMAGED a( ) No ( '1 Yes,describe 

A I ( )Unk 
(, I DAMAGE CO:ii2l3UTORY TO ACCIDENT ( ) No t  Oamased ( ), N O  ( ) Yes ( )Unk 1 

w 3 '3 * 
WIwN = 9 ' s  









Dup 1-9 Card - 5 - 9 
I0 

SUPPLEMENTARY DATA--VEH I CLE 

STEERING WHEEL 
1 1  

( ) 1 Original Equipment 
( ) q Unknown 
( ) z  Non-O.E., describe - 

1 GLAZING OBSTRUCTIONS 
13 

( ) 2 None 
( ) Unknown I ( ) 1 Yes, type and location - 

SUSPENSION MOD1 FICATIONS 
I4 

( ) r  None 
( ) q  Unknown 
( ) I Yes, describe 

FUEL LEYEL 
15 

( 1 1  Full ( 1 2  3/4 [)3 112 
( ' ) + 1 / 4  ( ) s E q c y  ( ) q Y n k  

AIR CONDITIONING EQUIPPED 
1 i )  

( ) / Yes 
 NO . 
( ) 7 Unknown 

CARGO I 
17 

( ) L None 
( ) q  Unknown 
( ) r Yes, describe location and 

estimate weight 

I PLACARD INFORMATION 

1 Vehicle Capacity Nei g h t  / (Maximum Load) 
Vehicle Average, Minimum, or 
Light Load 

Manufacturer's Recommended T i  re 
Pressure a t  Capacity Weight , (Maximum Load) 

FRONT -- PSI 
22 

---- LBS . 
& t 9 

Manufacturer's Recommended Ti re 
Pressure a t  Average or Minimum 
Load 

FRONT -- PSI 
?C 

REAR -- PSI REAR -- PSI 
2 f  3 2 



RIGHT-FRONT SEATING SYSTEM 

DAMAGE TO ADJUSTERS (0,1,2,3) 

TYPE OF DAMAGE 

(2) None 
(4 )  Chucking 
(5) Deformed and Released 
(6)  Separated 
(8) Swivel  Damage 
(0)  Unknown 

LOCATION OF SEPARATION 

(3) Not  A p p l i c a b l e  
(4) A t  F l o o r  
(5) A t  A d j u s t e r  
( 6 )  A t  Seat  
(0) Unknown 

HEAD RESTRAINTS (R igh t  F ron t )  

Equipped (1 ,2,0) 
Removed P r i o r  t o  Col 1 i s i o n  
(1 ,233YO) 
Reta ined Du r i ng  C o l l  i s i o n  
(1 $29339) 
Damaged (1,2,3,3) 
Occupant Contact  
(1,2,3,0) 

HEAD RESTRAINT ADJUSTMENT 
AT TIME OF COLLISION 

(3) Not  App l i cab le ,  None 
( 4 )  UP From Seat Top 
( 5 )  Down on Seat  Top 
( 6 )  I n t e g r a l  
( 0 )  Unknown 

WAS THIS SEATING POSITION 
OCCUPIED? ( I  ,2,0) 

CAiE i E i ; I C i i  MALFUNCTION 

(0) Unknown 
( 1 )  M a l f u n c t i o n  d e f i n i t e  
( 2 )  No M a l f u n c t i o n  
( 4 )  Ma1 f u n c t i o n  p robab le  
( 5 )  M a l f u n c t i o n  p o s s i b l e  
( 6 )  D r i v e r  c la imed ma1 f u n c t i o n -  

No i n v e s t i g a t i o n  
, Code 

(01) Brake System I -* 

1 1 (03) S t e e r i n g  System 
1 I - 1 

I 

4 

1 ( 0 4 )  Suspension System I -  ! 

(02)  Exhaust System I -  I 

/ 1105) T i r e s  i i 
I - / 1106) E l e c t r i c a l  System I -  1 

1 ' ( ~ 7 )  T h r o t t l e  System 1 
I I - 1 

(08)  D r i v e r  Con t ro l s  1 - 
(09) Power T r a i n  ! - 

I 
DO) Fuel System i - 

I ' 
1111) V i s i b i l i t y  I tems 1 I 

I 
I - 

, ( 1 2 )  Other :  
! 1 - 
I 1 i ( 1 3 )  A p p l i c a b l e ,  b u t  unknown - 

- -I / (01 t o  13)  f rom above 1 7-7 ;I I 
None I 

Unknown 1 

I 

H 4 D  ROUTINE MAINTENANCE I 

)BEEN PERFORME? (0 , l  , 2 )  ' - 
, , 

I 
r -8  1 

I 



TIME OF COLLISION 

DATE OF FIELD INVESTlGATiON 

) FORM VERSION NUMBER 3 - 
1 

1 - - i REPORT NUMBE" ,-a T 7 ,, -a I INVESTIGATOR I PUNCHED 

CARD NUMBER 
0 I CIRCLE PHOTO RECORDS MADE: j VERIFIED 
lo 1 1  SLIDES NEGATIVES POLAROIDS --I I 

, LOCATION WHERE VEHICLE WAS EVALUATED: , 
DATE OF COLLISION - - - - - - 4  

1 12 13 ,/16 17 
I 
1 ( 99 /99 /99)  Unknown / REPORT PREPARED BY 1 1 
I / PUNCH i CARD 1 I Case Vehicle ONLY I PUNCH I C A R D  I 

c a .  I 
ROAD ALIGNMENT 

STATE: I L°CAT'oN (fI?S Cod?) VERTICAL PLANE 

CODE COL. 

I t  (1) LEVEL 1 - - 1 1-19 1 I21 CREST OF ' I L i  

1 CITY, TOWNSHIP, ETC.: 
I 

(31 SLOPE- 2% grade  
141 B O n O M  OF A IL1  
101 UNKNOWN / AREA 

I 
I 11) URBAN 
I (21 RURAL 

I 10) UNKNCWN 
, 
1 LOCALITY 

I (2) SHCPP'NG CR BLSINESS 
j ( 1 1  WANUFACTURING OR INDUSTRIAL 1 

I (31 APART'vIEPITS 
I 141 SCHOOL OR PLAYGROUND 
I 15, RESIDEYTIAL I 

1 16) F4RM 
17) bNDE\/ELCPEZ 

I 10) LNKNOWN 

HORIZONTAL PLANE 

11) STRAIGHT 
121 CURVE 
(01 UNKNOWN 

SURFACE COVERING 

101) ORY 
WATER 

102) DAMP 
1031 WET 
I041 PUDOLED 
1051 UNKNCWN AMOUNT 

SNOW 

/ ENVIRONMENTAL CONDITIONS 
1 LIMITED ACCESS r l lGHWAY 

(1)  YES 1 (21 NO 
(01 UNKNOWN 

I 

ROAD TOTAL TRdFFI C LAYES 
1 (1) l - h a *  
i (1) . 2 - ' ~ l n e  Case 7tkiclr 1 O) I-id.. 
1 ( 4 )  4 at Vorc hn.r 

( 5 )  4 3r %rr Lane1 3lvlded 
LO ?arkirq !,at, D r i v w q  

! (7 )  Other, 1.1. I l T r i e L ,  h p e  

1 (3) On- 

I 

I 106) LOOSE 
107) PACKEC 
108) CONDITION UNKNCWN 

IOSI ICE 
110) SLUSH 
(11) SPILLED GRAVEL 
1121 OTHER: i / ICQI UNKNOWN 

PRECIPITATION - 
11) NONE 
(21 RAiN 

l 1  I I 

13) SNOW 
(4)  HAIL I 1 I 
15) SLEET 1 1 1  
(6 )  OTHER: i 
(0) LNKNCWN I - ,  20 ' 

I OTBER 8049 TOTAL TRAFFIC '-1 
I LASES i IT AT 1YTiRSECTION)I 1 

C4COSi '"CM i Z O ' / E  , ST i R  I j 

31 UOT A ? ~ ~ - , C A ~ G  - 1 2 0  , 
I 

13) NOT APPL:CABLE 
(4) LIGXI', !v!IST 
( 5 )  MODERATE 

I V P E  O F  2OAD SUREACE 
, (i; Aspha!:, 3:tunlnous C o n c r t t c  
I 2) CCNCRETE 

121 GRAVEL 
' 4 )  'ACRE 'HAN ZNE -"5 
51 STYE? 

I 101 LNKUCWN 

161 HEAVY 
1 '01 UNKNOWN , I - 31 

SURFACE S L I P P E ~ Y  , 
I 

r I I "ES 
r 2) PJO 

I 

I ,O) UNKNOWN I j2 1 



ENVIRONMENTAL CONDITIONS POSSIBLE MECHANICAL MALFUNCTION 
- 

SPEED LlMlT 

( 1 )  525  MPH 

12) 2630 
I31 31.35 
14) 36-40 
(51 4145 
(61 4-55  
(7)  5 6 5  
(8) € 6 7 5  
(9) OVER 75 MPH 
(0) UNKNOWN 

PUNCH C A R 0  / 1 c o o l  CiL. ; 1 
\NVESTIGATION OF THE POSSIBlLlTY OF i QL MALFUNCTION 

INVOLVED: a T H R O n L E  

0 DRIVER CONTRO a POWER TRAIN 
STEERYG SYSTEM a FUEL SYSTEM a SUSPENSION SYSTEM 3 VISIBILITY ITE 

a TIRES \ a OTHER: 
a % E " R l ~ y s T E M  

I ?UNCH W R O  
COCE C O L  

/ ROAD DEFECTS 

( 1  ) 3E:3:! ZERO 
( 2 )  2-19 
! 3 !  ?C-29 
( 4 )  37-30 
( 5 )  25-39 
: 5 )  LO-59 
( 7 )  € 0 - i 9  
!a,  sc-3s 

WAS COMMENT A~OU~~~IECHANICAL / 1 1 I 
MALF UNCTfON MADE 9 

(11 YES 
12) NO 

( 9 )  : C O  ar O V ~ ?  
( 0 )  G;;L!Ic":l 

C9OSSWIND 
(1) NONE 

j 121 LIGHT 
i 13) STRONG 
/ (4 STRONG & G i I m  

1 (0) UNKNOWN 

TIME OF DAY 
11) GAY 
(2) NIGHT 
(31 DUSK 

/ (4) DAWN 
I (0) UNKNOWN 
I 

(1) Yon. 
(21 Cloudy - h t k  
0) Fog 
( 4 )  Stoke 
( 5 )  W l r ~ d s h ~ e l d  b n d i t i o n  
( 6 )  Glare 

I 

'JISIBI LITY OSSTRUCTlON ! f o r  a c c i d e n t )  

j (1) yon. I I 
( 2 )  Suildinc 

1 ( 3 )  Sign 
I ( 4 )  Susht. 
I ( 5 :  Tree I 

1 6 )  H1;l  o r  C ~ r v s  in Road I I 

I 
( 7 )  Other' 

1 (8) V q h l c ! ~  I n  Trrnrporr 
( 9 )  Farced Vchiele 

I 1 1  
I I I 

I ,  39 I 



POSSIBLE MECHANICAL MALF UNCTlON 

COMMENTS AND OBSERVATIONS OF INVESTIGATOS ABOUT THE POSSIBILITY OF MECHANICAL IMALFUNCTIONS: 

CA'E 3F NVESTlGA'lCN: 

=ATE CF 3EJgQT 



4 GENERAL INFORMATION 

CARO 
COL 

, 

4 2 

C3LLISION CONFIGURATION 
(of case v e h i c l e )  

V E H I C L E  TO OBJECT (1,2.01' 

CASE V E H I C L E  DRIVER'S 

I071 RECKLESSNESS 
(OBI I N A l T E % T I C N  

PUNCH 
COOE 

- 
--. 

ABILITY TO D R I V E  IMPAIRED BY 
(CHOOSE NO MORE T H A N  TWO) 

UNKNOWN 
iUZf NONE 
(03) O R I N K I N G  I N V O L V E D  (Iroad) 

1%) ASLEE? ( 3 A C  g i v e n )  
1061 F A T I G U E  

PUNCH 

(04) Drunk By Local' Laqal Standards 

CARO 

43 ROLLOVER (1,2.01' - 
!go0 or nore) 

/ RAN O F F  W E  R 0 A O W A Y ( 1 , 1 . 0 1 *  

(0) unkaom I I 
V E H I C L E  TO STCPPED VEHICLEt1 ,2 .01 '  

T i t h e r  v e h i c l e )  

(E!THES SRI ' IE? )  / VE,YICLE 79 Y:'/I:;G ' V ' E l i I C ! E ( :  , 2 , : ) "  . . . ,  

\ OTHLII C? i ' :F IG~~~ , :~G; i !  ,: + " I  " 1 -  : 
( 5 )  X o n - C ~ l l I s i o n  o n l y  

6 )  Y e n i c l e - ? a r t  t 3  Y 5 n f c l c  
7 )  V e h l c i e  t o  O.Y. T r a i l e r  

I ( 8 )  S e l f - i n d u c e d  
I ( 9 )  Y e k  t o  O b j e c t  t o  r . h  

1 VEHICLES I N V O L V E D  
1 TOTAL NUUeER ,INCLUDING 
i CASE VEHICLE)  13 .Accider.t 
1 (0) Unknown 

I I OBJECTS CONTACTED 
i ( 9 2 1  Vont 

153) Jnknown Object 
Enter On1 v ;amace- o r  1 ( 0 3 )  i t h e r  i u i m ~ ~ i l e  

i c 4 )  ;round ( r o l l o v e r  on ly )  i ~ 3 " ~ - ~ m d u c ; n q  3bleczs 
I n  Orwr o f  Lantact , ' 5 5 )  Zuardra l l  1 ;?5:1  Z r ' ~ q 5  (-a,:) 

/ ( S i j  Sign 
(a) Di t ch  
: 0 9 )  E-bankment (snowbank) 
! ! O )  C~ i ve r ;  
(il) Fence 

/ ( 1 2 )  Pole or Tree , , 50.51 
I ( 1 3 )  Jodestr ian 
i i : 4 )  Large Animal 
/ (15) %torcyc!e 
[ 116) Ldrge i rvck--Type Unknom (see 29-25) 
I : 1 7 )  Tra in  

: d )  2:aalcycle (b icyc le* )  j ! L o  ,,) 8ui;Cinq 
I ( 2 0 )  : igni, 'P:ck~s 'ruck, 5-all Van. Car rya l l  
1 ' 2 2 ;  Tractor  ui:kaut t r a i l e r  

( 2 2 )  '{an Le l  {very  ( w a l l - i n i r t e o  , tan)  
' 2 4 )  St ra -qn t  : r , ~c t ,  no tor  erne 
::S) Trac ta r - t r a !  l e r  co.~binat!on 
( i t /  "ui tj-pur:ose veh lc ie  ( i c t 0 )  

/ 125)  aus 
$ 2 3 )  : r l i ? e r  1 ' 2 0 )  ::jet: disenqrglng ?-am I t h e r  r m l c : e  1 
':a) 'vcrdnts,  snort  ?OS?S. r:cnps I u a i ~ ~ o x  ( r u r a l  1 ,  S O - ~ I I  :as:~/t~e+3 PRCPEi7TY DAMAGE i l . 2 . 0 ) '  

I ,:?) ?.:r, J v ? l a r  ( e . q , ,  b r ~ d y e  su9;or:! 
1 ' 5 3 )  ' e f a * n ~ n g  w t l l ,  c o ~ r ~ c ? i .  Hiwry f i x t u res  
/ ' 5 4 )  ! - D ~ C :  d t : C O U I t O r  
I ( 3 5 )  ? r e a ~ a w i y  F ix tures  

(99) Other 
! * W H E ~ E  ( 1 . 2 , ~ )  13 INC ICATED.  USE 1 F O R  Y E S  

2 F O R  NO 
FOR UNIChOWH 

(Eef ore f i r s t  impact)  I 

I 

VEHICLE TO V E H I C L E  
(1) Ira,  Cordigura Ciao 

unknova 
( 2 )  NO 
(3)  Seed-on (? t o  7) 
( 4 )  1ntersec:ioa :ype L 

i 
(3) Sidesv ipe  

I - ( 6 )  Xear-Lpocc (T r r d  9; 

I ( 7 )  Other:  

58-69 

6 0 4 1  

~ W I  WCK OF TRAINING 
1'0) E M O T I O N A L  STATE 
(111 M E D I C A T I O N  

(12) Drug3 (narcot 13 

45 

1 

- - 

(8) in t t rsec : ion  c77a T 

( l Z 1  lLLNESS (0, otDer.sfse) / 
( 14)  ;NFIRMITlt> 
(151 PHYSICALLY HANOICAPPED 
(16) OTHER: 

SOURCE OF INFORMATION: 

- - : 



C3LLISION SKETCH 

jaw on Information From 
I .- - r 

1. Draw heavy iinor :a snow nignway artall - - -  -- - -- - - - 
- - . . A - - - - --- - - - - - - . . r at tne locatIan of :ailison. - . . . . . - - - - - - - . . - - , - 

, 2. Give name of n r e e n  md ntgnwavr and US, . . . --.-.- - 
C Stat* and Inrarsara Aou;o numoora i f  any. 
C 3. ICrnr~fy all oolecz In skrtcn. C a s  venlcle -- - -  - -- -.-. --- - ----. --.-- - -  - -  - 

would alwevr 3s iabocw "A".  ' h 4  - -. --. 
I -- - - - - - - - - - .- 

- swutnc* n u m m n  n a v  a* aadea --- .-- -------- -- __i 

- 4. Incluas clrnrnrlonr wnen J O Y I O I ~ .  - 

INFCRMAP'CN SCURCES. 

1 I 

COMMENTS ( I n c h d e  zrc v e h f c l e  speed 2 ~ i j ~ a i 2 )  





CASE VEHICLE 
I DUPLICATE COLUMNS 1-9 FROM PRECEDING CAR0 

Q & 
1 0  11 I VEHICLE LOADING 

! CASE VEHICLE DESCRIPTION 
I VEHICLE IDENTIFICATION NUMBER 

i 
i I 2  

1 3  14 I S  16 17 1 8  19 20 21 22 23 24 

(4)  BELOW FULL RATED LOAD 
(5) NEAR FULL RATED LOAD 

(6 )  ABOVE FULL RATED LOAD 
101 UNKNOWN 

1 EQUIPMENT OPTIONS 

l MAKE 

I 

1 TRANSMISSION I I I 
(4) AUTOMATIC s-i  h r - c i c  

151 MANUAL 
(0) UNKNOWN 

i MOOEL 

COO€ TO BE INSERTED 

I STEERING I I I 
(4) POWER 
(51 MANUAL 
(01 UNKNOWN 

Shipping Weight (pounds) - - - - 
32 33 34 35 

I BRAKES 1 1 1  
(4) POWER 
(5) MANUAL 
(0) UNKNOWN 

'ODOMETER READING _ _ _ _ _ _  
IF OVER 100,000: i ( " S t  99999 ) 36 37 38 39 40 

1 PUNCH CARD 
CODE COL. 1 B o ~ ~ e T ~ ~ R o o f  a s  1 t o  5 ,  not  6 )  

BRAKES - i Y P E  

(41 DRUM - A L L  WHEELS 
(5) DISC - FRONT WHEELS 
(61 DISC-ALL WHEELS 
(0) UNKNOWN (1) &Door Hardtop (30 upper B p i l l a r )  

(2) 2-Door Sedan o r  Coupe (any upper B) 
(3) &boor Hardtop 
(4) &Door Sedan 
(5) S t a t i o n  Wagon o r  ? i c h r p  Car 
(6) C o n v e r t i b l e  - soft o r  hard e h r l l  / (7) Van (not  walk-in) 

1 (8) r n c k  (I?: .  c:-t~$s*carryalls) 
( 9 )  Other  (e .8 .  bur ,  jeep,  t r a i n )  / (0) Unbovn  

I BRAKE ANTI-LOCK DEVICE 

(21 NONE INSTALLED 
(41 WO-WHEEL 
(51 FOUR-WHEEL 
(0) UNKNOWN 

BODY STRUCTURE 
( 1 )  Body and Frame 
(2)  Unitized 
( 3 )  Integral-Stub Frairp 
( 4 )  Body and Platfon-Frame ( e . g . , ~ i  bug) 
( 9 )  Other: 
(0) Unknown 

U U K B E R  OF CYL:LOE?S 0 3  ROi3RS 
( E n t e r  '0"  i f  Unknown) 

H I G H  PERFORUA:;:I/A!? ? A 5  E r 7 V I P P E J  
(0) S o  A / 9 ;  U ~ K  i f  i i i ~ h  P e r f .  
( 1 )  Eo k / 3 ;  H i g h  i ' e r f o r ~ 3 n c e  
( ? j  I;o A / ! ;  Iiot + i ? h  P e r f .  

Air B a g  E o u i ~ p e d  ( a n y  e n g l n e )  and :  
( 4 )  Any S e ? l o y n e ~ t s  
( 5 )  Yo O e o l o y n e n t s  
( 6 )  Dzplcg-en t  Untnodn 
(9) B o t h  d i a h  P e r f o r - a n c s  and A / 9  

E o u i : o e d  L ' e k n c z n  

PRIMARY DAMAGE - - --  - - - -  - 
58 59 60 61 62 63 64 

SECONDARY DAMAGE 

65 66 67 63 69 70 7 1 -  

Unknown o r  gone (99-0000-0) / END OF CARD 03 j NUMBER OF OCCUPANTS 

1 (Enmr 22 if unknown1 -- 45-46 

'WHERE (1,2,01 IS INDICATED. U S E  1 FOR YES 

2 FOR NO 
0 FOR UNKNOWN 



EXTERIOR 

DUPLICATZ COLUMNS 1-9 F R O M  PRECEDING C A R P  0 A - 
10 11 

SHEET METAL CRUSH (3i r e c t )  I I 
I N S E R T  MAXlMUM CRUSH GIMENSION TO 
THE NEAREST INCH.  D IMENSIONS MUST 
A G R E E  WITH OIAGRAMS ON F A C I N G  PAGE/ 
( I N S E R T  "99". I F  UNK.YOWN 

I N S E R T  "98", i F  9 8  I N C H E S  OR O V E R )  

i ZONT (INCH ESI 

REAR 

LEFT SIDE 

ROOF 

OTHER: 1 - - 1  28.29 

'WHERE (1.2.01 iS  I N D I C A T E D .  2SE: 1 FCR " E S  
2 F O R  h O  
0 F O i i  GN  K N O W N  

DAMAGE 

i I' 

EXAMPLES. 

F R O N T  OR REAR 

I 1  
F R O N T C R  PEAR 1 I I ,  



EXTERIOR DAMAGE 
r 
1 F!ELD INVESTIGATOR INSTilUCTIONS: I 

1 .  Indicate crushed areas by outl ining new serlmeter of  vehicle and mading ?he damaqed areas 

On the large sketch below. U s e  as many sketches as ncestary to completely descrtbe rhe damage. 

2. I n t e r  the dimensions on the sketch(es) measured to the podnr of maxlmum oenetratlon by tPe 
obiecrls) contacred. U u  the sxamples on *e facing page as a guide. 

3, i n t a r  the mrw dimensions to rho center o f  m e  wneels iwheelbar ,  f ront  and rear overnanprl 
on both sides of the car. 

4. Add otnar mmanrions as necessary to  complerely describe the damage. 



10 

W H E E L S  A N D  TIRES 

W H E E L S  

ORIGINAL EQUIPMENT TYPE 

FFIONT (1,2,0)' 

REAR (1,2,0J 

DAMAGED 11,2,0J 

DESCRIBE DAMAGE AgVD 
NON 02.  WHEELS 

MANUFACTURE 

TIRES 

TREAD TYPE 

14) REGUUR 
15) NON-STUDDED SNOW 

!61 STUDDED SVCb'! 
(7) 'SLICK' 

I 
I 18) LEFT AND RIGHT 

SIDES DlF FERENT 

101 UNKNOWN 

TREAD VilEAii 

(41 LIGHT 
(5) MEDIUM 

i6) HEAVY 

( 7 )  SALD 

(81 LEFT AN0 RlGi iT 

SIDES DIFFE3ENT 

(0) UNKNOWN 

P40FILE 

( 4 )  REGUUR 50''' 

(61 LEFT AN0 RIGHT 
SIDES DIFFERENT 

(71 OTHER: 
(01 UNKNOWN 

CARCASS TYPE 

( 4 )  91AS P L Y  
( 5 )  BELTED-BIAS PLY 
(61 ? A D I A L  P L Y  

(7) LEFTANO RIGHT 
SiCES D I F F f  3ENT 

(0) UNKNOWN '\ ' \ i  
i 

' W H E R E  11 ,2 .3 )  IS  I N O I C A 7 E 3 ,  i S i  1 =Ci l  " € 3  
2 F O R  NO 
n c n a  ; i ~ ~ w ~ ~ n ~ ~ r h t  



FRONT E X T E R I O R  
1 

1 ENGl N E  COMPARTMENT TELESCOPlNG U N I T  
(FRONT CF VEHICLE) 

I 

1 %GO0 LATCH(ES) 

RELZASED (!,2,3.0). 41 

I 
! DAMAGED (1,2,3,0)* 

(SEE DRAWING GN PAGE 18 FOR LOCATION) 

/ 
0. I 7 

(. 
. . 

(..,.-A. F -- I 

I 

i 

i JAMMED (1,2,3,0)* - 
I 

HOOC HINGES 

! 
I 1 DAMAGED ( 1  e2.3.8) I - 1 , 

42 

43 

44 

-- --.. . 
iy F- 

- ... 

-. 

-, 1 
P- H- 

I LEFT / 
1 SEPARATED 

46 

47 

1 
i ( 1 , 2 , 3 , 4 . 5 , 0 ) * *  1 

( 1 , 2 . 3 , 4 , 5 , 0 ) * =  
I HOOD REMAINED ON VEHlCLE (1.2.3.0) ; - / 48 

! 

1 REAR EDGE OF HOOD 

! 
1 ELEVATED (1,2.3,0) 1 49 
! 

i 
I DAMAGED (1,2,3,0) 

RIGHT 

SEPARATED 

- 50 

- 51 
4 

I 
I I 

- 
- 

TYPE OF UNIT 
1 ENGINE OR TRANSMISSION 
: MOUNTSEPARATION I l , Z , j , 4 , 5 , 2 )  
I i - 
' S T E E R I N G  COLUMN 
I FLEXIBLE COUPLING I 

( 5 )  ?lone Installed 
( 1 - 6 )  See Sketch  Above 

( 8 )  Doub le  & J o i n t  o r  
Flex ib le  Cab le  J o i n t  i 

I ( 9 )  G the rs  , : 
(0) Gnknown - 

5 7 
I 

53 

( 6 )  22.q l j  1 
1 7 )  33t 
! 3 )  L7aiversal 1 I ' I 
( 9 )  Otkez 

i ( 0 )  :. nxr.cwn q f 1 I - 56 TELESCGPE9 LE?IGTE, ( G )  

I 

iQUiPPE3 ( 2 )  YO -, 
1 yes 1 54 1 i - 
; (1) "r?e YnXncwn i 

r- 1 
1 SZ?P-SA"S~ i l , ? , ? . 4 , 5 , 3 i * *  I 

\ ! msz2 3J-<zGZ ( l , i , 3 , 3 ; '  I I 
I 

i i 

DIFFERENCE ( F - G )  - (tolerant? 2 0.5 i n . )  i 
i I 

I 
(777)  ;evi c e  Exzenaed 

1 CESC3;3C: I 1 
Yot Equipoec, (959) Ynkncwn 

I I - -'- I 
998)  m p r ~ s s e a ,  Unkncwn ,ho l rn t  

. - 1  ..-- 4 -  - ? "'JSi3: 1 - ' I Z S .  TY?F i'>-d!;OWY 4 - i l Z T : A L  3E?.4RAT::S / END OF I 
2-, iO :-G?i:i~c;r?i :-SO S-LE!A?LFS SS7iR47iOS 

?-SOT .A?PLi CABiZ S - U ~ L S C * ! ~  
1 C A R E  5 4  



FIRE LEFT EXTERIOR - 
PUNCH 
CODE 

- 
CARD 
COL. DUPLICATE COLUMNS 1-9 FROM PRECEDING CARD Q (5 - 

10 11 - t I f  left pillars were not damaged or 
separated or left roof side rail was not 
damaged or buckled, place a " I "  in code 
column. Code reminder of column 

plge  (Accident V iehpo in t )  
PUNCH I CARD I CODE I COL. I 

(1) Fire - time unknovn 
(2)  No-Pire 
(4) P r r C r a s h  F i r e  S t a r t  
( 5 )  At-Cruh F i r e  Stare  
(6)  Post-Crath F i r e  S t a r t  
( 0 )  Unkn0.n f R  { DAMAGED 

SEPARATED 
( 1 , 2 ,  , 4 , 5 , 0 ) * *  

OF FIRE ( to  Case Vehicle) I I I 
0 )  I:o Fire, Not Applicable 
(4) Minor - e r s ~ l y  ext1np;uishcd 
(5) b j o r  ( r . g , ,  e n t i r e  i n t e r  for or  
(0) Unknwn engine) / 1 1 

?IRE ORIGIN (in Caw Vehiclel  I I 
u) No P i r c ,  h'ot Applic-able 
(1) Engine Comparaent 
U) Passenger Cmparment  
(6) Luggage Comparaent 
(7) rue1 Tank, l l n e e ,  f i l l e r  
(8) Other: 
(0) lJ- 

MAGED (1.2.01' 

LOWER 
SE RATED n (1,2,3,4.5,0) . '  

NOTES ABOUT FIRE: i 
C.PI LLAR Y \ 

SEPARATED 

Wagon & Limousine) 

SEPARATED 

DAMAGED (1.2,3,0)* 

LOWER 
SEPARATED ' ~ 1 , 2 , 3 , 4 i 5 , ~  

LEFT PILLARS I I LEFT ROOF SIDE RAIL 

DAMAGED (1,2,3,01 

f 
BUCKLED (1,2,3,0)' 

I IL 

*USE: 1-YES 3-SOT APPLiCAIILE **USE: 1-YES.TYPL' L'SKSOWY 4-PARTIAI. SEPARA7:C.Y 
2-ti0 O - U ~ X S O ~ ~ N  Z - S O  S - C O ~ ~ I ~ I . > , T K  b t : i ' ~ n , l ~ :  o x  

3-hO; APpL:C,iBLE O-iSi;SO:bN 



LEFT EXTERIOR 

SIDE STRUCTURE - LEFT SIDE 

LEFT BODY MOUNT 
SEPARATION (1,2,3 0)" 

L i t i 1 . 1  

I f  door hlnges and latches were not damaged 
and doors d ~ d  not jam or open durtng collis~on, 
and contlnulty of the s~de structure was 
malntalned, place a "I" In code column. 
bdr m f n d e r  o f  colwnn 

DOOR LATCHES 

( DAMAGED 11,2,3.01* 

LEFT FRONT ' 

1 RELEASED I1.2,3,0I4 

\ DAMAGED 11.2.3.01' 

LEFT REAH 

RELEASED 11,2.3.01* 

DOOR HINGES 

DAMAGED ( 1,2,3.014 

\ 
LEFT FRONT 

SEPARATED 
(1,2,?3,4,5,0)** 

\ DAMAGED (1.2.3.01 

LEFTREAR 

SEPARATED 
(1,2,1;4.5,0)** 

CONTINUITY OF SIDE STRUCTURE 
MAINTAINED (1,2,3,0)* 

1 .e . ,  Is Side Boundary Broken 
Vot restricted t o  veh rc les  w i t h  
r e i n f o r c e d  s i d e  s t r u c t u r e .  

DOORS OPENED DURING 
COLLISION 

\ FRONT (1,2.01* 

LEFT 

) REAR (1,2,3.01* 

DOORS JAMMED CLOSED 

\ FRONT 11,2.01+ 

LEFT 

I REAR 11,2.3.01+ 

*USE. 1-YTS 3-%T APPLICABLE **USE: 
?-NO 0-UNXNOIN 2-NO 

3-NOT 

REAR EXTERIOR 

FUEL TANK AND LINES 

APPROXIMATE FUEL LEVEL 
AT TIME OF IMPACT 

(4) LESS THAN 112 
(51 112 OR MORE 
(01 UNKNOWN 

TANK RETENTION 

(41 COMPLETE RETENTION 
(5) PARTIAL DISENGAGEMENT 
( 6 )  COMPLETE DISENGAGEMENT 
(0) UNKNOWN 

TANK DEFORMED (1,2,0)* 
i nc ludes  neck 

FUEL LEAKAGE PRESENT (1,2,0)" 

LOCATION OF LEAKS / 
FROM THE TANK ( 1,2,3,014 

1 
FROM THE NECK (1,2,3,014 

1 
FROM THE LINES (1,2,3,0)* 

TRAILER AND HITCH 
(1) rw. m e  u- 
(2) ~o bi tch  
(3) Be l l  end Sackec. Tmporay  3uaprr 

( a . p . .  renral c l a p o n )  
(4) LL1 r e i  Sackec, amper a a g  

( e . ~ . ,  lube C N C ~ )  
( 5 )  Be11 d Socket - Yrme Bitch 

( r . 8 . .  t r u e  a d  bump-) 
(6)  I q u a l i s i q ,  load d i e t r i b u r l q  
(7) Rin( a e i  Pint l c  ( e . g . ,  double cractor) 
(8) Fi f th  bheel ( e . 6 . .  r m i )  
(9) Ocher (e.g.. c l w i .  a d  pin) 
(0) U ~ ~ X I C U ~  

TRAILER BEING TOWED 
( A T  TIME OF COLLlSlONl 

(1)  Taa, Tpa un- 
(2) no [hitch.  m t r a i l u )  
(3)  HoC Appliceble (no hlcch) 
(A) Travel Trrl1arlCupp.r 
(1) *obila urn. 
(6) 3 o a C / S ~ o b l l ~ / A ~ ~  Trai ler  
(7) Peutel/Cargo Trai ler  
(8) Car 
0)  oChu1 
(0) ul.' 

4-PARTI.4L SEPARATYON 
5-COVPLfiE SEPAUTION 
0-USKNGIX 

PUNCH 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 
1-YES,TYPE 

APPLICABLE 

CARD 
CoL. 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

4s 

UhXNOWN 

PUNCH 
CODE 

- 

- 

- 

- 

- 

- 

- 

- 

- 

CARD 
C O L  

49 

50 

5 1  

52 

53 

54 

5 5  

56 

57 

t 

G 
W 
J - 
bI 
PC 
I- 

Y 
Z 
a 
I= 
A 
w 
3 
L 

W 
K 
3 
I- 
0 
3 
K 
i- 
V) 

z - 
V) 

I- 
LL 
W 
4 



REAR EXTERIOR 

I T A ~  LGATE (HATCHBACK) 
P E R F O R K A N C E  

Includes back doors of Vans 

1 LATCHES 

RELEASED (1,2,3,0)* 

DAMAGED ; i , 2 , 3 , 0 ~ *  

LATCH OR,TAI LGATE 
JAMMED ' ( 1 , 2 , 3 , 0 ) *  

HINGES OR TRACKS 
(CLAY SHELL) 

J DAMAGED (1.2.3.01 

BOTTOM LEFT { 

( SEPARATED 
( 1 , 2 , 3 , 4 , 5 , 0 ) * *  

( DAMAGED (1  2.3.01 ' 

BOlTOM RIGHT ( 

( SEPARATED 
( 1 , 2 , 3 , 4 , : , 0 ) * *  

( DAMAGED i 1.2.3.0) 

TOP LEFT { 

( SEPARATED 
( 1 , 2 , 3 , 4 , 5 , 0 ) * '  

( DAMAGED (1,2.3.01* 

TOP RIGHT { 

EQUIPPED WITH TWO-WAY 
TAILGATE (1,2,3,01* 

(6) Disappearing 
T a i l g a t e  

DUPLICATE COLUMNS 1-9 FROM PRECEDING CARD 0 6 -- 
10 1 1  

.. 

PUNCH C A R D  \JRUNK LID PERFORMANCE /I pnnc I p n ,  I 
/ I 

"-I- ( ""C .  

\ (REAR OF VEHICLE) I 

PUNCH 
CODE 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

LATCH /+ S 

CARD 
COL. 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

REL SED (1,2,3.01' 

?, / 
DAMAGE (1,2,3.01' 1 / 
LATCH OR LID AM ED (7,2.3,01° v 

DAMAGED (i,2.3,01' 

SEPARATED (i,2.3.4.1.0)** 

/ DAMAGED (1,2,3,0) 

SPARE TIRE SEPARATION (1,2,3,1 ,0)  
( 4 )  for  s p a r e  t i r e  n o t  i n i t i a l l y  

at tached 

TRUNK - PASSENGER COMPARTMENT 
PARTITION DAMAGE (1,2,3,0)' 

TAILGATE ELECTRIC WINDOW 
OPERABLE (1,2,3,0)' 

'USE: 1-YES 3-hOT APPLICABLE **USE: ] -YES,  TYPE LhKNORH 4-P4I(TlAL SEPARAi:OS 
2-40 0-LSKSONH 2 - Y O  5-C3' I'LkTE S t Y A M T I 3 t i  

3-HOT APPLICABLE O - L ~ K S O ~ ~ N  

- 

END OF 
C A R D  05 

70 

RlGHT PILLARS 



RlGHT 

( 1 . 2 , 3 , 4 , 5 , 0 ) * *  

RlGHT ROOF SlDE RAIL 

DAMAGED (1,2.3,0)* 

@US2: I-YES 3-NOT APPLICADLE **ESE: 1-Y-S,TYPE L'hXSOYN 
2 - t i 0  0-UhK!iO*I 2-50  

3-SOT APPLICAOLX 

EXTERIOR 

SIDE STRUCTURE - RlGHT SlDE 

RlGHT BODY MOUNT 
SEPARATION (1,2&0)* 

L ~ a i t i r c d  

I f  door hinges and latches were not d a m  
and doors did not jam or open during collision, 
and continuity of the side structure was 
maintained, place a "I" in code column. 
We reminder of colum 

DOOR LATCHES 

i DAMAGED (1,2.3,0) 
RlGHT FRONT 

RELEASED (1,2,3,0ta 

DAMAGED (1  ,2,3,0Ie 

RlGHT REAR 

RELEASED (1,2,3,01* 

DOOR HINGES 

DAMAG? D (1.2.3.0) 

RIGHT FRONT 

SEPARATED 
( 1 , 2 , 3 , 4 , 5 , 0 ) * *  

i 
DAMAGED (1,2,3,01 

RlGHT REAR 
(Hinge or SEPARATED 
track) ( 1 , 2 , 3 , 4 , 5 , 0 ) * *  

i 
CONTINUITY OF SlDE STRUCTURE 
MAINTAINED (1,2,3,0)* 

l . e . ,  I s  S ide  Boundary Broken 
Not r e s t r i c t e d  t o  v e h l c l e s  w i t h  
r e i n f o r c e d  s i d e  s t r u c t u r e .  

DOORS OPENED DURING 
COLLISION 

FRONT ( 1,2,0) ' 
RlGHT 

REAR (1,2,3,01 I i 

PUNCH 
coo, 

- 

- 

- 
- 
- 
- 

- 
- 
- 
- 

- 

- 
- 

CARD 
coL. 

43 

45 

46 

47 

48 

49 

50 

51 

52  

53 

54 

55 

56 

57 I 

DOORS JAMMED CLOSED 

FRONT (1.2.01' 
RlGHT 

REAR (1,2.3,0Jb 

- 
- 

I - P A X T 1 4 L  SEPAQ..1710N 
5-CC::FLXi SF.?AUT:ON 
0-UhRSO'%X 



STEERING WHEEL 

STEERING WHEEL ENERGY PUNCH CARD 

ABSORBING DEVICE CODE COL. 

(SEE DRAWING ON PAGE 18 FOR LOCATION) 

EQUIPPED (1.2.0)' - 67 

ENERGY ABSORBING 
DEVICE FlNAL POSITION 
MEASURE THE hl lNlMUM AND MAXIMUM 
OVERALL LENGTH OF THE ENERGY 
ABSORBING DEVICE (BETWEEN THE 
STEERING WHEEL AND STEERING 
COLUMN). 

ENTER THESE LENGTHS BELOW 

(4) SLIGHTLY DEFORMED 
MAX. = r n . ;  MIN. = ~n.  

(5 )  SEVERELY BENT 
THE E A .  DEVICE ROTATES WlTH THE 

(0) UNKNOWN STEERING WHEEL. WE WANT TO 
KNOW WHERE THIS MINIMUM LENGTH 
OCCURRED (AROUND THE 
CIRCUMFERENCE OF THE E.A. 
DEVICE) WlTH RESPECT TO THE 
SPOKES. RECORD BELOW THE 
O'CLOCK POSITION AT WHICH THIS 
MINIMUM LENGTH WAS MEASURED. 

STEERING WHEEL SPOKES EXAMPLES 

NUMBER OF SPOKES 

(ENTER "0" IF UNKNOWN) 

(4) SLIGHTLY DEFORMED 0 7 0 5  

(5) SEVERELY BENT 
MINIMUM L E N G T H  

(0) UNKNOWN 
"O'CLOCK= - - 

( E N T E R  GO_ IF U N K N O W N )  68 69 

ENERGY AE3SORBIN.G 
DEVICE COMPRESSION 

FOLLOWING TO BE FILLED IN BY 
ANALYSIS GROUP 

( E N T E R  2 9 . 9 l F  U N K N O W N )  

t 
8 ' 8  f o r  

ORIGINAL LENGTH 
Not Epuippcd 

( H I I N .  

DAMAGED MAX. LENGTH ( X I  IN. 

DIFFERENCE 

1 
(H-XI IN. 

ORIGINAL LENGTH I,q. 7 0  71  7 2  (H ) 

DAMAGED w. LENGTH ( Y )  IN. 

DIFFERENCE (H-Y) I N .  . 
DEVICE EXTENDED 73 74 75 

(4)  X GHEATEI? THAN H 
(51 X AND Y GREATER TLiAN H 
(6) UElTtiCR 

l ly K ~ , I ( > I I J Y  7 6 

( 8 )  NOT A f 3 P L l C A 5 L E  

'WHERE (1.2.0) OR (1,2,3,01 A R E  I N O I C A T E D ,  USE 1 F O R  Y E S  3 F O R  N O T  APPLICABLE E N D  OF  

2 F O R  N O  0 F O R  U N K N O W N  C A R D  0 6  



17 
STEERING WHEEL AND COLUMN 

s 

DUPLICATE COLUMNS 1-9 FROM PRECEDING CARD 0 7 
10 1 1  

PUNCH CARD EQUIPPED (1,2,01* 
CODE COL. - 20 

FINAL POSITION 
(3) NOT APPLICABLE 
(4) NORMAL 
(5) RIGHT OF NORMAL 
(0) UNKNOWN - 21 

INAL COLUMN POSITION 

I 

MAL STRAIGHT 

EQUIPPED (1,2,0)* 

FINAL POSITION 

(3) NOT APPLICABLE 
(4) NORMAL 
(5) TILTED UP 
(61 TI LTED DOWN 
( 0 )  UNKNOWN 

TELESCOPING FEATURE 

EQUIPPED (1,2,0)' 

FINAL POSITION 22 23 24 

(31 NOT APPLICABLE 
(4) NORMAL 
(5) ABOVE NORMAL (51 REARWARD (A LESS THAN B) 
(6) BELOW NORMAL (6) NEITHER 

(0) UNKNOWN 

'WHERE 11,2.0) OR (1.2,3.0) ARE INOICATED, USE 1 FOR YES 3 FOR NOT A P P L I C A B L E  
2 FOR NO 0 FOR UNKNOWN 

SWING-AWAY FEATURE PUNCH 
CODE 

C A R D  
COL. 



STEER1 NG COLUMN (CONT'D.) 

I l 
I i 

SHEAR CAPSCLE PAGE 191 
I 

STEEii lNG COLUMN 
ENERGY ABSORBING 
DEVICE {PAGE 19) (WHEN EQUIPPE31 

I 

TEbESCOPlNG UNIT \PAGE 11)  
I 

ENGINE COMPARTMENT 
SJHEN EQUIPPED) 1 

I 
I 

STEERING '&HEEL ENE3GY F L E X 1 8 L E  COUPLING 
ABSORBING DEVICE IPAGE 16) PAGE 1 1)  

(WHEN EQUIPPED1 DATE C O D E  (PAGE 791 

(1071.1G PINTO; 1372.'S TOEINO. '.tCNTi:O. T.IIR0, W A R K  IV! &NO 
1975-76 603CAT:  1974.16 :,IUS:dNC L ;';'JG;R, ,\I:; i j i 3 . 7 5  G A A i i A O A  h ',IONARCH 

USED 1'4: 
7 1  THRU 
':t :!{nu 
'72 TIJRU 
'12 '119U 
72 ;nnu 

'74 THRU 
'?l : l i R U  

COLUhlN SU?"7nT ;RACKET 

PINTO 
TORi f lO 
'.:J"~EGD 
T . t l R D  , 

', 
' ? A R K  V \ 

C a 
U.lOINT S l J A f T  



STEERING COLUMN (CONT'D.) 

STEERING COLUMh1 ENERGY ABSORBING 
DEVICE SEE ALSO: page 18 

SHEAR CAPSULE SEPARATION 
(SEE DRAWING ON PAGE 18 FOR LOCATION)  

MESH m 
SHEAR CAPSULE 

(FASTENED TO 

INSTRUMENT PANEL) SHEAR CAPSULE BRACKET 
(FASTENED TO 

STEERING COLUMN) 

BALL -\ 
1 (STANDARD' c [ORIGINAL) ' 

THUMBNAIL 

r 

- L L  
0 

BALL I -\ !- 

NOTE: WHEN CAPSULES HAVE SEPARATED I f  MAY BE 
NECESSARY TO LIFT COLUMN ASSEMBLY INTO POSITION 
AGAINST INSTRUMENT PANEL BEFORE 

/ SHERR CAPNLE SEPARATION (E) 1-1 
(888) Not Equipped, (999)  Unknown 
(998) Separated, Unknown Amount 

( T 0 E P L A T E ) L  
C (ORIGINAL) 

I 

@LEI- ,"; D ICOMPRESSEDI 

/ STEERING COLUMN VERTICAL ANGLE 

1 -  

(Small Car XP88k) C [ORlGlNAL) 

d - 
THUMBNAIL 

i , ------------ - 
? 

- 

MEASURE THE ANGLE THE STEERING COLUMN MAKES 
WlTH THE HORIZONTAL (OF' IN DIAGRAM ABOVE), AND 
THE ANGLE THE DOOR SILL MAKES WlTH THE 
HORIZONTAL ('G' IN DIAGRAM) AND ENTER THEM 
BELOW. ANGLES WHICH TILT DOWN TOWARD THE 
FRONT OF THE CAR ARE POSITIVE. 

I C [ORIGINAL) 

! - D ICOMPRESSEDI 4 
STEERING COLUMN 
ENERGY ABSORBING DEVICE 
TYPE OF DEVICE 

I  (NOTE:  L I F T  COLUMN I N T O  POSITION FOR MEASUREMENT)  

(7 )  Not Equipped  
(1) blesh 
(2)  B a i l  ( S t a n d a r d )  
(3) B a l l  ( w i t h  Toe P l a t e )  
( 4 )  B a l l  (Vegz)  
(5)  S l o t t e d  
(6) O t h e r :  ( e . g .  C o l t j  
(8) F o r d  J i i n l - C o i ~ n n  
(9) C h r y s l e r  S l o t t e d  J ~ c k e t  

and Vana re i  ( 1 9 7 4 + )  
( 0 )  Unknown 

I F: DEGREES; G: DEGREES I 
/ COLUMN VERTICAL ROTATION PUNC*~ 
/ FINAL COLUMN POSITION I i 

COLUMN ANGLE (F)  
( Relative to Ground) 

VEHICLE ANGLE (GI .- 
COLUMN ANGLE (F-G=H) 

(Relative to Vehicle) 

FROM A CORRESPONDING UNDAMAGED 
VEHICLE, MAKE A MEASUREMENT SiMlLAR 
TO "H" ABOVE AND RECORD I T  IN  BLANK "J" 

(SEE DRAWING ON PAGE 18 FOR LOCATION)  
~. .. ~RIGINAL LENGTH, (C 

COMPRESSE3 LENGTH, (D) 

COMPRESSION, (C-D) 
Either 

ORIGINAL D I MENSION (J )  

DAMAGED VEHICLE 
DIMENSION (HI,-, 

+ or - 

I (777) Device Extended 
(888) Not Equipped, (999 )  Unknown 
(998) Compressed, Unknown Amount 

i 

- -#- 

27 28 29 

COLUMN ROTATION M - d L  
(ENTER 99 I F  UNKNOWN1 I 1' 

98 Rotated - Uokncwa amount 

- - 
33 34 



GENERAL INFORMATION 

PASSENGER COMPARTMENT 
REDUCED IN SIZE (1,2,01* 

EXTERNAL OBJECT INTRUSION (1,2,014 
DESCRIBE ON FOLD-OUT FLY-LEAF 

INTERNAL LOOSE OBJECT (1,2,0)* 

VERTICAL ROTATION OF 
INSTRUMENT PANEL (1,2,0)' 

t 

FIREWALL (COWL) 
DEFORMATION (1,2,0)' 

FLOORPAN DEFORMATION (1,2,0)' 
(INCLUDING TOEPANl 

1 CRACKED (1.2.3.01' 
4 
1 

BROKEN (1 ,2,3,014 
(Plastic Interlayer Torn1 

OCCUPANT CONTACT (1 2 3 0)' 

\ ' 
CRACKED OR BROKEN BY 

OCCUPANT CONTACT (1,2,3,0)* 

BOND SEPARATED (1,2,0)* 
( IF "YES", ESTIMATE PERCENT 

L O C A T E  A R E A  OF WINDSHIELD INTEREST OR 
DAMAGE WITH DIMENSIONS ( V E S T I C A L  5 
H O R I Z O N T A L )  ON THIS  D I A G R A M  OF THE 
WINDSHIELD AS V IEWED F R O M  INSIDE. 

c o l .  12-3~q 

'WHERE ( 1 , 2 , 3 , 0 )  IS INDICATED.  USE 1 FOR YES 3 FOR N O T  APPLICABLE 
2 F O R  NO 0 F O R  G N K N O I V N  



PASSENGER 

SEATS 
TYPE OF FRONT SEAT 

--.. -- 
I I 

COMPARTMENT (CONT'D.) 

POSITION OF SEAT PRIOR TO 
DRIVER S SEAT (!RASH 

(4) FORWARD 
(51 MIDDLE 
(6) REARWARD 

I (01 

RIGHT FRONT PASSENGER'S SEAT 

( 3 )  NOT APPLICABLE (No Seat)  

(4) FORWARD 

( 5 )  MIDDLE 
(6) REARWARD 
(0) UNKNOWN 

DAMAGE TO FRONT SEAT 

BACKREST DAMAGE 11,2,0)' 

CUSHION DAMAGE 11,2,0)* 

CONTACTEDBYREAR 
OCCUPANT 11,2.3 0)' LI~  m rear  

occupant 

SEAT CENTER ARMRESTS 
(FRONT) 

EQUIPPED (1,2,0)* 

DAMAGED (1,2,3,0)* 

HEAD RESTRAINTS D r i v e r ' s  S i d e  
(FRONT) 

EQUIPPED (1.2.0)' 
i n t e g r a l  

I 
REMOVED PRIOR TO COLLISION 11,2,3,0)+ 

I 
RETAINED DURING COLL~SION 1.1,2,3,01* I 

DAMAGED 11,2,3.0)' 

OCCUPANT CONTACT (1.2.3,O) ' 

HEAD RESTFAINT i )r iver ls  S i d e  
ADJUSTMENT AT  TIME 

OF COLLISION 

( 3 )  N o t  4 p p i ~ c 3 b : ~ ,  yc?e 
(4)  UP from s e a t  t c ~  
( 5 )  mm on e e a c  -03 

( 5 )  'Jnknowr. 
( 6 )  : n t e q r a i  

I 

?UNCH 
CODE 

1 
i 

CARD 
COL. 

? a 
W 
V) 

PUNCH 
CODE 

4 4  

, l u E M  
a a 
o a 
W C 
.c u 
L Q 

U 0 
v 
o -r 5 r 

- 
35 

36 

37 

CARD 
COL. 

45 

141 r-i I 'i 7 
I - 

, v 

-<- 
- 

(7i 1 
I ' ,;? I - 

(51 1 ,  
I (8)  - 

A 1' - _  n - 
.. td  7 

16) + I I , (9)  
C Y  

(0) UNKNOWN 
3 )  Drivers Seat Only  

F ~ L D I N G  BACKS 11,2,0)* 

DELUXE ACCESSORIES 

(1 ) Deluxe Accessor ies 
( 2 )  Yone 
( 4 )  R e c l i n i n g  Seatbacks 
( 0 )  Jnknown 

TYPE OF SEAT ADJUSI EHS 
(41 MANUAL D r i v e r ' s  S i d e  
(5) POWER 
( 6 )  RIGID 
17) OTHER 

T 
- 
- 1 

- 1 46 - I 

/ 

(01 UNKNOWN 

- 

- 

TYPE OF SEAT ADJUSTMENT 

47 

48 

13) NONE (NOT APPLICABLE) 
14) 2-WAY 

D r i v e r ' s  S i d e  (5) 4WAY 
(61 &WAY 
171 OTHER 
(01 UNKNOWN 
( 8 )  S w i v e l  Seats 

DAMAGE TO ADJUSTERS (1,2,01" 
include Rigid 

TYPE OF DAMAGE TO ADJUSTERS 
(CHOOSE TW0: ra l f  ir, apder o C  ;ever.  t I ]  

( 2 )  Ncnr 
(4 )  Chucking ( r o m r  frra  play) 
( 5 )  3cforned (e.q. Pelease<  or i a - r e a )  r (6) Seprracm 
(0) Unknon! 
( 8 )  S w i v e l  l a m a g e d  

LOCATION OF SEPARATION 
131 NOT APPLICABLE 
( 4  ) A T  FLOOR 
15) AT ADJUSTER 
(6) AT SEAT 
10) UNKNOWN 

I 
I 
l 

- 
- 

L 

- 

- 

49 

50 

5 1  

52 

- 

- 
- 

- 

40 

41 

42 

43 

- 1 53 

- 5 4  

- I 
I 
i 
I 

I 
I 

- 56 



PASSENGER COMPARTMENT [CONT'D.)  

I ' SEATS (CONT'D) 

FRONT SEAT B A C K  LOCKS 

EQUIPPED (1,2&0)* 
SACKREST D A h l A G i 3  OR 

LEFT LOOSENED i1.2.3,0)' 

CUSHICN DAMAGED C R  
LOCSENED 11,2,3,0)' 

EQUIPPSD ( 1 , 2 . & 0 ) *  

SEAT CEh ! iE3  ARMRESTS (REAR) 

HELD (1.2,?.01b 
EQUIPPED 11.2,3,0)' - 14 

F R O N T  SEAT S A C K  ANGLE 
MEASURE 

I DAMAGED 11,2,3.0)* 

THE 'RONT SEAT SACK ANGLE A T  T i iE  LEFT AND 
RIGHT SEAT BACK FRXWES. ( IF  SEAT SACK ANGLE REAR SEAT S A C K  L C C K S  
IS NORMALLY ADJUSTA8LE. 
MCVE TO FORWARD 
POSITION1 

EQUIP0ED (1,2,?.01' 

EQUIPPED i1,?.3.31' 

!AEASUPE THE A?.IGLS TPE SEAT 3ACK MAKE3 
WITH HCFi lZ3NTAL ( L  IN  DIAGi?Abl), AND TTE HELD ( 7  ,2,3.01' 

ANGLE THE CjOCjR SILL L1AKES WITH 
HORIZONTAL ( M  iN 31AGRAM) AND ENTER 
BELOW. T H I R D  SEAT 

LEFT SIDE RIGHT Sl DE EQUIPPED ( : & O i *  

Y - :? 

CUSHION DAhlAGED !1,2,3.O)* 

SEAT BACK 3CTATION 

FINAL SEAT ANGLS 
( E N T E A  2% I F  uNK?ICWNI  

SEAT ANGLE 
(Relat ive io Grounc) 

SEAT ANGLE ( 

(Re!a:ive to 'Jehicle) 

FROM A C3RRESPONDING UNDAMAGED 
VEHICLE. '.!A.KE A L1EASURi'l:EXT 'PJlNDOWS CLOSED 'AT Tlh1E 
SI:.IILAR TO "3" ABOVE AND 'ECGRD I OF CoLLiSiCN ;;indsci) 
IT  ! N  S L A N K  " 3 "  BELOW. L E F T  FRONT (1,2,3,31* 
C)RIGiNAL ANGLE 

(98) Rorstaa - 
DAMAGED SEAT 

fiiGi-17 FRONT (1,2.3,01' 

GIF F E 3 E N C E  
RIGHT REA2 (1,2,3,5) '  

LEFT SE,A- ANGLE 

RIGHT SEAT f3.NCI-E D I F F E 2 E ? i C E  

TYPE CF ZEAR SE.AT 

1 2 )  X 0  Si AT ?C!\IE 9 SI 3 E '.:'I >.J 3C!:!S 
( 4 )  NGN-FCL31P.JG Ef?,'JIPPES i i  ,2.83j 
(5)  i C L 0 l N G  

I 

,-- - - -- - - I_-- - ,  _-  --. 
7 i g =  N O  0 ; ( : a  ' !N I<YOW?J - - - 



I )  m Case No.-- -- -,--- 
Occupant Position 

H - Head-Sku11 

C - Chest \Val1 

B - Lower Back 
- Abdomen Wall 

R - Forearm 

Q - Anklo-Foot 



OCCUPANT INFORMATi ON 

DUPLICATE COLUMNS 1-9 FROM PRECEDING C 

OCCUPANT NUMBER , , 12-13 EQUIPPED FOR THIS POSITION (1,2,01* 

WORN BY OCCUPANT (1,2,3,01* 

SEAT LOCATION 
(3) EXTERNAL TO PASS. COHP. WORNCORRECTLY (1,2,3,01* 

(e.g., b e d  o f  p ickup)  
( 4 )  FRONT 
( 5 )  REAR LOCKING RETRACTOR 11,2,3,0J' 
(6 )  THIRD 
( 7 )  OTHER: 
( 0 )  UNKNOWN 

UPPER TORSO RESTRAINT 
U p p e r  T o r s o  8 e l t  a n d / o r  Air 3aa  E q u i p p e d  

POSITION ON SEAT 
( 3 )  EXTERNAL TO PASS. COMP. 
( 4 )  LEFT 4) 4 / 8  E a u i o ~ e d  5 U p p e r  9 e l t  E q u i o p e d  

( 5 )  LEFT CENTER 5 )  A / 8  E Q U ~ D D ~ ~  & U D D e r  B e l t  X o t  E q u i a a e d  

(6) CEMER 

i 7 )  RIGHT CENTE? 
8)  RIGHT 
9) ALL (Lying on seat )  
(0) UNKNOWN 

POSTURE 

(1) S I T T I N G  ON SEAT 
( 2 )  ON LAP OR I N  ARMS 
(3 )  STANDING ON SEAT 
( 4 )  STANDING ON FLOOR 
( 5 )  I N  BASSINET 

WORN CORRECTLY (1,2,3,0)* 

( 6 )  I N  CHILD SEAT 
( 7 )  LYI idG ON SEAT 

I INERTIA REEL (1,2,3,0J* 

(8) L Y I N G  OR S I T T I N G  ON FLOOR 
OR OTHER OBJECT 

(0) UNKNOWN - 16 

AGE 

YEARS, OR , , :?-IS 

MONTHS (INFANTS) , , 19-20 
t o  24 watha 

(ENTER "0"s I F  UNKNOWN) 

WEIGHT, LBS. 
NOTE MAKE AND MODEL NUMBER 

[ENTER "0"s. I F  UNKNOWN) - - -1 21-23 

HEIGHT, INCHES 
(ENTER "O"S, I F  UNKNOWN) , , 24-25 

SEX 

( 4 )  M a l e  
( 5 )  Fema le  
( 6 )  L a r g e  Animal 
(0) Unknown - 26 

*WHERE 11,2,0) OR (1,2,3,0) ARE INDICATED, USE 1 FOR Y E S  3 FOR NOT APPLICABLE 

2 FOR NO , 0 FOR UNKNOWN 
d 
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OCCUPANT INFORMATION 
v 

EJECTION 

DEGREE OF EJECTION 

(21 NONE 

(4) PARTIAL 

(5) COMPLETE 

(0 )  UNKNOWN 

AREA OF EJECTION 

(31 NOT APPLICABLE 

(1) WINDOW, LEFT SIDE 
(2) " , RIGHTSIDE 
(41 " , REAR 

-- 

/ 

Dup 1-9  Card 8 0 Dup 12-1 
P- 

POSTU R E 

PUNCH 
CODE 

- 

3 0 
I+ 
- CARD 

COL. 
2 

42 

. 

(10 S i t t i n g  on Seat 
(11 S i t t i n g  on Seat i n  Abnormal P o s i t i o n  I 

(e.g., Feet on Dash, Sideways, Etc.)  
(12) S i t t i n g  on Ccnsoie 
(20) On Lap o r  i n  Anns 
(30) Standin; cn Seat 
( 40 )  Standing on F loor  I! -- 

16 
(47) Standing - Externa l  t o  Passenaer 

Compartment 
(50) I n  Bass inet  
(60)  I n  C h i l d  Seat 
(65) I n  C h i l d  Harness 
(70)  Ly ing  on Sea: 
(80) Ly ing  o r  S i t t i n g  on Passenger F l o o r  
(83)  Ly ing  o r  S i t t t n g  on Other Objeet  i n  

Passeqger Compartment 
I (85) On S t a t i o n  Wagon Cargo F l o o r  o r  

Fo ld  Seat Back 
(87) Ly ing  o r  S i t t i n g  - Ex te rna l  t o  Passenger 

Compartment 
9 

.(98) Other: 
7? 

(00) Unknown 1 

O c c u p a n t  A l c o h o l  i n v o l v e m e n t [  
tts t - 
(0) Unknm (999) ................. - 

10 =ST 18 
( 1 )  fiilcohoi ~ o t  ........... Suspected (000) 
( 2 )  Alcohol Ind-cated 

L No Test Requested (999) .  
(31 Test  Requested & ........... Refused ( 9 9 9 1 . .  
( 0  Reason Unknown L ... Alcohol Indicated (999) 
(5)  Charged D W I ,  aooked 

(51 DOOR, LEFT SIDE 
(6) " , RIGHTSIDE 

(7 )  TAILGATE 

(8) WINDSHIELD 
(9) ROOF OR OPEN CONVERTIBLE 

OR F?Qf l  EXiER:GL A 9 9  
(0) P'X*C!!iSl 

TREATMENT/MORTAL ITY 

1) F i r s t  A i d  - On-scene o r  o u t ~ a t i e n t  
2 )  H o s p i t a l i z e d  - Observat ion under jli None 

24 Hours 
( 3 )  H o s p i t a l i z e d  - S i g n i f i c a n t  T rea t -  

ment o r  over 24  Hours 
: (4) F a t a l  - Deaa a t  Scene 

(5 )  F a t a l  - Dead on A r r i v a l  a t  H o s p i t a l  - Dead w i t n i n  24 Hours 
7 F a t a l  - Dead 24 hours t o  1 yea r  
(8 F a t a l  - Time o f  Death Unknown I :;I :l:lwn 

I 

- 

- 

1 

43 

44 

OVERALL SEVERITY OF INJURIES 
(USE 1976 A I S )  

(00) NONE 

02) NON-DANGEROUS , MODERATE 
03) NON-DANGEROUS, SEVERE iol) *IrioR 

(04) DAflGEROUS, SESIOUS 
(05)  DAfIGE2OUS, CRITICAL 
(06) NAXIMUM, UNTREATABLE 
(98)  INJURY UPIK::CXN 
(99)  INJURED,  SEVERITY  UNKNOWN 

ONLY" IS NOT CONSIDERED "HOSPITALIZED" IN  
THIS DEFINITION. 

L . . 

- 

I 

RECUPERATION AND TREATMENT FOR A 

OF AT LEAST ONE DAY. "HELD FOR 

I I I 
I 

Drunk (999) ............... .......... ( 6 )  Fled Scene (999) 

BAC ( 0  TESTED ~ s u l t s  Not Given (999) ... . (9  Results Reported (-1.. 

Occupant Blood Alcohol Level (.%a1 

(000) Had Hot Been Drrnkurq or 
Negative Test BAC1.000 . .  

. . . .  - Record Actual BAC (MGO) 

(999) Testod but r e s u l t s  . . .  Wknoun or N O  Results . .  

e- - - 
19 20 21 

1 
I 

- - 45-46 

O c c u p a n t  A l c o h o l  T a s r  

( 2 )  none 
n s  : 

(1) Type Unknavn 
( 4 )  Urlne 
(51 Splnal 
(6 )  Ereat5 
(7 )  ~ l o o d  
( 8 )  Other: 
(9 )  Several of Above 

END OF 
CARD 

PERIOD 
OBSERVATION 

- 
LZ I 

I 

' I 

(01 unlcnovn I 



I (0)  Unknwn i f  Equipped 

I (1) Equipped, Type Unknown 

(2)  Hot Equipped 

( 4 )  Won-Cycled Buzzer 

( 5 )  I g n l t i o n  I n te r l ock  

(6 )  4-second buzzer  (post-interlock) 

/ (1) Other: 

SEAT BELT BUZZER OQEWTIONAL 

(0)  U n k n m  i f  Operat ional  

(1) Yes, Operational 
ZU 

(2) Hot Operational, Reason 
Unknown 

(3) Not Applicable. Not 
Equipped 

System Inh ib i t ed  by: 

( 4) Fastening Be1 t s  Together 
(Behind Occupant, 3ehi nd 
Seat, Under Seat, i n  
Front o f  Seat,  etc . )  

(5)  Disconnection, Remval . 
I n t e n t i o ~ a l  Destr .~ct ion] 

( 6 )  Ffx inq  in Pulled-Out 
Pos i t ion  (Knottea, Taped, 
Twisted. Folded aack. 
Tucked i r t a  Sert ,  Hooked 
To Upper Belt. etc.)  

(7 )  Tenparar i ly f f x i n g  ( S i t t i n g  
on Be l t ,  Holding onto Belt ,  
Hook on i:oor, etc.) 

(8) Le t t f ng  i t  Buzz 

(9) Other: (Defect ive) 

INVESTIGATOR'S JUDGiMENT OF 

RLSTRAINT SYSTEM EFFECT1 ViXESS 

(0) Unknown - 
29 

(1) Reduced I n j u r y  Severi ty 

(2) Could Haw Reduced Severi ty 
I f  Yorn 

( 4 )  Could Not Have Reduced 
kverfty i f  Yorn 

(5)  Old Rot Reduce Severity 

(6) Increased Sever i ty  

( 7 )  mould Have Increased 
Sever i ty  if Y c r n  

( 8 )  bre 2estrain:s Would 
W e  kddced Sever1:y 

(01) F i r s t  Aid I t  S c e n  

(02) f r ca ted  a t  ' i o s ~ i t a l / C l l n i c  
bu t  n o t  Iai t t e d  

(03) , H o s p i ~ l  i r ed  (observat ion 
less than 24 n o u n )  

(04)  Hospita1i:ed over 21 Hours 
o r  S lgn i f i can t  Treaaent  

(05) Fatal--&ad a t  Scene 

(06) Fatal--COA 

(07) Fata l - -had w i t h i n  24 Hours 

(08) Fatal--Dead 24 h n  !o i r 

(09) Fatal--Period iJni tnm 

IGYITION INTERLOCK 0PEFAT:ONAL - 
(l12,3,0) 7-5' 

(2) no 

YES: 

Ep!S ilNTRI3UTORY TO SEVE9:TI  

PUSIM ESTQAIV srsiEn EOU:PPED 

Due t o  delays and/or i n s u f f i c r e n t  - 
treat ren t  on-scene or i n  12. 
t ranspor t?  

- 
2 7 

(3) Not i pp l i cae le ,  Yone 

(1)  T y p  U n k n m  

( 4 )  A f r  3ag ( 5 )  Knee and Torso Restrain: 

( 9 )  Other: !".9., VW) 

( 2 )  No 

(1)  Yes 

(0) Unknwn 

(6) E x e q l a r y  Service 

( 3 )  ~ o t  A.pp l ic~b le /   on-fatal 33 

(1)  Yes 

( 2 )  LC0 

(0) Ynknom 

- I 
I 



(0) 0.0 No Induty 

(1) C Porsiblr I n J u y  

(2) B Man-tncrpacftatlng 
Iduv 

(3) A Inuprcfuting Injury 

(4) t fatal 

(91 m- 
(5) RcgorW a I n j h  (nverl y 

not raporttd) 

R E S T R A I N T  SYSTEM C O N D I T I O N  

Belts Operable (0,1,2,3) 

Belts or Ffttings 
Damaged ( O i l  ,2,3) 

Belts or Fittings 
Damaged by Occupant 
Loading (0,1,2,3) 

R E S T R A I N T  USAGE 

SOURCE O F  INFORMATION:  

Lap Shoulder 
35 36 

Lap Shoulder 
n 3s 

Lap Shoulder 
39 40 

Vehicle (0,1,2,3) 

Injury Data (Oil ,2,3) 

Occupant (0,1,2,3) 

Other: 
(0,1,2,3) 

Restrafnt Usage Conclusion Lap Shoulder - 
4 5 48 

Yes No 

+3 Definite - 5 
+2 Probable - 2 
+I Possible -1 
00 Unknown 00 
99 Not Applicable 99 



INDICATE LOCATION OF INJURIES. INCLUDING MAJOR BRUISES 

n 

SOFT TISSUE INJURIES 

( ) NO INJURIES 
( ) I N J U R E D  

SKELETAL INJURIES 

X Rays: 

Other Tests: 



INJURY INFORMATION 
BEST SOURCE OF I N J U R Y  INFCR,WiTION 

49 

( ) 1 Iiospi ta l /Doctor  
( ) 2 Personal i n t e r v i e w  w i t h  occupant  
( ) 3 Personal i n t e r v i e w  w i t h  o t h e r  occupant  
( ) 4 Other :  

E N D  CARD 80 

OCCUPANT I tlJURY CLASS1 FICATION 

1 F O ~ ~ ~ R E A ~ S ~ O F  

! 
POSSISLE CONTACT 1 

I 

1 6 : 0 - ! ! ' : 2 - 1 3 1 1 ~ - 1 5 , 1 6 - 1 7  1 1 8 - 1 9  j 2 0 - 2 1 1  

* 
R ,, PRIMARY OIC ASSOCIATED OIC'S 

NOTE areas of occupant con tac t .  

,, Place contacts i n  
order of probability 

A 
(horizontally). Start 
w i t h  most probable in 
col. 14-15. 



RESTRAINT DEVICE & USAGE 

EQUIPPED 

1 f o r  this 

ctl OPERABLE 
01 

+I INTERLOCK 
"'BUZZER 

FUNCTIONAI 

Original 
Equipment 

'( Y 

I 

DEVICE STATUS . 

/ "a1 function 
! 19 20 

Defaat 

Original Original 17 I Mfg: 
Equipment Equipncn t 
14 I( ) y ;6 10 y l  

I ( )  Y 2( ) N I ( )  'f . 2( ) N Model: 
2 ( ! N  p ( )  U 2 0 N  ? O U  
9( 1 u 9( 1 U 

i 

PI 

Y a a  '4 
0 1  
1 3  

Defeat 

If ACXS --a 

SHOULDER BELT LAP BELT 

@ Specify c describe device: 
Describe irrespective of source. Source of Informat :cn 

OTHER DEVICP 

DEVICE USAGE 

Q ~ e f e a t :  

@summarize status of ACRS: 

CHILD SEAT 

VEHICLE 

! 2es~onse  :2dge?ent 1 Response ~ u c ~ e - e n t  / Res? ~ ; ~ f , , ,  iudge ( ~ e s ~ o n s e  2rcSrrelsl 
* 

17.18 ,,,,, 19,:s 
" I C A )  / / /  / / / /  / / 

INJURY 
DATA 

2 I 27.28 

(71un , 
I 
i 3 1  32 ; 3134 35 38 39 40,41 4 2 43.44 

INTERVIZT: , ! l ) :  I (  ) Y 1 I O Y  10 Y ,  I( 1 Y 
( 1 j 6  2 0 N  I 2(  1 l ( 1 N  2 ( ) H  2 ( ) N  I 

OCCUPANT ( 7 ) ~ :  *( 1 sR , 
6( NR 61 1 ~ 3 1  9( ) U 6: ) N R '  

47.48 5 2 5 3 54,55 56 
INTERVIEW- 1 0 ? , 1 o y  I( ) Y , 5 7 ~ 5 8  

2 0 N  2 0 N  2( ) :i 
6( I Si l  9( ) L' 6( ) N R i  

INTERVIEW; 1 6( I ) SR : I 6( ) N7 6( ) KR'  9( ) L' 

9 (  ) LJ 

YES NO Y = YES Response = Llteral resgonse of  ~ ~ = 2 r v : e k e e .  
+3 DEFINITE - 3  N = NO Judgement = :ncervlewsr's m s t  1~2genen: of and 
+2 PROBAaLE -2  U = L/?iKNOWN confidence rn ~ ~ t e r v s s v e e s  ressonse 
+1 POSSIBLE -1 NR = NO RCSPCNSE to questlon of restraint usage. 

00 UNKh'OhT UA = UNAVAILABLE 
99 NOT APPLICABLE 






