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1.0 INTRODUCTION 

This is a final report on a project entitled 

"Highway Safety Effects of the Energy Crisis on U.S. 

Toll Roads" sponsored by the National Highway Traffic 

Safety Administration under contract DOT-HS-4-00980. 

The energy crisis in the United States which be- 

gan in the fall of 1973 had a number of rather inmediate 

effects on travel characteristics of the population. 

Both the causes of the changes and the changes them- 

selves are complex. The president asked the populace 

to institute fuel-saving measures (such as reducing 

speed); the price of gasoiine and diesel fuel increase6; 

gasoline stations were asked to remain closed on week- 

ends to discourage leisure travel. Speeds of travel on 

highways were visibly reduced, the traffic level de- 

creased, and there was clearly a differential reaction 

on the part of passenger vehicles (for which mileage 

went down) and trucks (which remained nearly at the same 

level). 

The general objective of this study has been to 

estimate the effect of reduced speed limits on motor 

vehicle accidents, injuries, and fatalities occurring 

on interstate freeway, and general limited access type 

roads. With this goal, data cn ths psriods be- 

fore and after the initiation of the energy crisis hai7e 

been compared for a selected number of toll road 

facilities--these toll roads being a sort of surrogate 



for the general class of interstate roads. Toll roads 

were prescribed for the study because of the availability 

of rather precise traffic count data (bcth number and 

type of vehicle) and because of the relative uniformity, 

within a given state, of the accident reporting system. 

The precision and detail in traffic data available for toll 

roads is unique, and not generally available for other high- 

way systems. Specific information to be sought about the 

studied roads included traffic volume, speed, accident or in- 

volvement rates, all as a function of time through the 

energy crisis period. In particular the dichotomy of 

large trucks and cars has been studied, since it was 

expected that the response of each of these to the energy 

crisis might be different. 

Data expected to be available from toll roads in- 

cluded the traffic count data (obtained by analysis of 

the toll records), speed data (obtained either by direct 

observation or by analysis of toll records), and acci- 

dent data. A secondary measure of exposure, expected 

to be determinable on the toll roads, is the passing 

rate--determined from the observed speed distributions 

of vehicles. In particular the passing rates of cars 

vs. trucks was expected to change as these two classes 

of vehicles tended to operate more nearly at the same 

mean speed. 

In order to study the effects of the crisis two 

ken-month periods have been selected for comparison. 

The selection of the esact periods, i.e., January 

through October of 1973 vs. the same period in 1974, was 

made mainly to avoid the princip~l transition tims 

(November and Dec?wber of 1973). The actual selection 

of the periods was made after the data had been ob- 

served, and the two ten-month periods represent re- 

latively stable and different circumstances. 



Toll roads typically report accidents which occur 

in service plazas, at or near toll booths or ramps, as 

well as those occurring on the main line of the road. 

In general for the present analysiq only main line acci- 

dents, have been considered since they are the most re- 

presentative of the "interstate" class of highways. 

While there are a small number of pedestrian accidents 

occurring on such roads, these have also been deleted 

from the present study--largely because there seemed to 

be no method of determining pedestrian exposure. 

Ideally the specific toll roads studied would rep- 

resent in a statistical sense the nation's population 

of toll roads, and these would then represent the inter- 

state class. Such precise representation was not 

possible, the exact choice of roads being determined 

somewhat by the availability of good accident, speed, 

and volume data. An attempt has been made to choose 

toll roads from several parts of the country, although 

most high-volume facilities are in the northeast. This 

analysis is based on data from the Kansas Turnpike (de- 

leting data from two end sections where toll counts were 

unavailable), the New York Thruway (except for a few 

sections which used barrier toll collection facilities 

rather than tickets), and all of the Maine, Pennsylvania, 

and Ohio Turnpike systems. 

The analysis is centered on the use of an inter- 

action model to relate speed and volume changes to 

changes in the accident experience. This model, 

originally described in "Statistical Analysis of Truck 

Accident Involvements" (D3T-HS-800-627) defines a ccn- 

cept of esposurs to two-vehicle accidents based on the 

passing rate of vehicles traveling in the same direction. 

Very b r i e f l y ,  i t  can be seen t h a t  i f  a l l  cars travelled 



faster than all trucks on a toll road, there would never 

be a situation in which a truck passed a car. Conse- 

quently there should be essentially no collisions of 

the truck-into-car from behind type. In fact speeds of 

both cars and trucks are distributed over a range of 

several miles per hour, and even if the average speed 

of trucks is lower, there will be sone passinas of 
cars by trucks. 

One expected effect of the energy crisis was that 

cars would slow down in response to the mandated speed 

limits, but that trucks which were previously limited 

to a lower speed would stay at about the same speed. 

Thus the proportion of all passings which result from trucks . 
overtaking cars could be expected to increase. Consequently, 

the proportion of all accidents which are trucks into cars 

might be expected to increase with the uniform limits. 

As with many mathematical models of social pro- 

cesses it is unlikely that the model will explain all of 

the observed variation. The intent of such a model is 

to assist in the understanding of the process. As noted 

above, the shifts in travel patterns--speed, volume, and 

mixture--are complex. But to a satisfying extent the 

basic model used here does help to explain the change. 

There are additional factors which may have attended 

the energy crisis and its effect on the driving public in 

1973. The use of automobile travel may have changed with 

relatively greater reduction in elective or non-essential 

trips. This could change the hours and location of travel 

and in turn the "risk" of accidents. Encouragement to 



establish "car pools" could have increased the occupancy of 

cars, and in turn the number of persons at "risk" given the 

occurrence of a crash. At the same time, gradual changes 

already taking place continued or were accelerated during 

the crisis. The shift from larger to smaller cars accelerated 

and substantial changes in occupant restraints in new cars 

were made with the introduction of the sequential-starter 

interlock on the 1974 models. Factors such as these are 

of interest and were considered in the conceptualization and 

definition of the program. It was found, however, that the 

data available from the turnpikes in general do not allow 

examination of these factors. Occupancy, for example, is 

not included in either the exposure (traffic) or accident 

data. Injured occupants are listed in accident data, but 

uninjured occupants are not. Because of these limiations, 

the analysis concentrated on the effects of changes in travel 

and speed. 

This introduction is followed by a summary of the 

findings. Included in this are our conclusions and re- 

commendations. The detailed description of the study 

follows in the remainder of the report beginning with 

Section 3 which discusses methodology and the data re- 

quirements. The next three sections (4-6) present the 

speed, traffic, and accident data including the findings 

from each of these. Finally, the analysis results are 

presented in Section 7. Appendices are included on the 

interaction model (A) , the traffic patterns and 

elapsed time computations of speed (B) , and definitions 
of individual toll classes ( C )  . 



O f  approximately 25 t o l l  road systems presen t ly  

i n  operat ion in the  United S t a t e s ,  f i v e  were s e l ec t ed  

f o r  t h i s  study. Althouqh it was des i r ab l e  t o  have t he  

s e l ec t ed  roads be t r u l y  r ep re sen t a t i ve  of t h e i r  pa ren t  

populat ion,  i n  f a c t  s e l e c t i o n s  had t o  be based on (1) 

the  a v a i l a b i l i t y  of accident  d a t a ,  ( 2 )  the  a v a i l a b i l i t y  

of t r a f f i c  data  by c l a s s  ( e . g . ,  those  roads which used 

b a r r i e r  t o l l  co l l ec t i on  maintained no record which 

would provide the  d e t a i l e d  t r a f f i c  counts r e q u i r e d ) ,  

and (3)  the  a v a i l a b i l i t y  of speed da ta .  The s e l ec t ed  

roads represen t  only 20% cf t he  t o t a l  t o l l  road mi les ,  

but  t h e  inclus ion of some high volume roads makes t he  

aggregated data  r e p r e s m t a t i v e  of about 30% of t he  

U.S. t o l l  road vehic le  miles.  

For each of the  s e l ec t ed  roads ,  s e t s  of accident  

da t a  were acquired f o r  the  years  1973 and 1 9 7 4 .  In  

add i t i cn ,  f o r  each road t r a f f i c  da t a  were obtained (by 
month) f o r  the  same two-year period.  Both t h e  acc iden t  

da t a  and the  t r a f f i c  da ta  were grouped by veh ic le  type 

i n t o  c a r s ,  s t r a i g h t  t rucks ,  and " la rge"  ( i . e . ,  t r a c t o r -  

t r a i l e r )  t rucks .  (For Maine and Kansas, t h e  d i s t i n c t i o n  

between s t r a i g h t  t rucks  and l a r g e  t rucks  could no t  be 
made. ) 

Speed data  were acquired a s  ava i l ab l e .  In general  

t h e r e  was adequate speed information f o r  t he  period 

a f t e r  the  "energy c r i s i s " ,  bu t  t he  "before"  d a t a  were less 



ava i l ab l e .  The choice of tu rnp ikes  f o r  t he  s tudy was 

made i n  p a r t  on the  b a s i s  of t h e i r  d a t a  being a v a i l -  

ab le .  But f o r  some tu rnp ikes  s?eed d a t a  were taken 

only once each yea r ,  and f o r  some t h e r e  was inadequate 

d i f f e r e n t i a t i o n  between t rucks  and c a r s .  For the  

Kansas Turnpike, f o r  example, t he  before  da t a  were 

es t imated from information taken on a  nearby i n t e r -  

s t a t e .  

All of the  da t a  acquired were placed i n  computer 

form f o r  subsequent ana lys i s .  This involved a major 

e f f o r t  because of the  v a r i a b i l i t y  of format,  bu t  was 

necessary t 3  ge t  a l l  of t he  da t a  i n  a  reasonably conmon 

form f o r  t rea tment .  The p r i n c i p a l  purpose of t h i s  was 

t o  permit  the  computation of involvement* r a t e s  of 

c a r s  and t rucks  

energy c r i s i s .  

before  and a f t e r  t he  i n i t i a t i o n  of t h e  

This a l s o  permitted t h e  Z i s t r i b u t i o n  of 

t h e  observed veh ic le  mix i n  two-vehicle c o l l i s i o n s  t o  

be compare2 v:ith d i s t r i b u t i o n s  p red ic ted  by t h r e e  d i f -  

f e r e n t  rcodels: 

(1) An independence podel based on the  

assumption t h a t  involvements were 

propor t ional  t o  t he  g ross  veh i c l e  

miles. 

( 2 )  A temporal model i n  which involve- 

ments were considered propor t iona l  

t o  veh ic le  miles bu t  with consid- 

e r a t i o n  of seasona l ,  d a i l y ,  and 

hourly v a r i a t i o n .  

*Note the d i f f e r e n t i a t i o n  bettisen involvement r a t e s  
and acc iden t  r a t e s ,  d iscussed i n  more d e t a i l  i n  
Sec t ion  3 .1 ,  pp. 27-28.  



( 3 )  An i n t e r a c t i o n  model i n  which t h e  

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

i s  assumed t o  be  p r o p o r t i o n a l  t o  t h e  

p a s s i n g  r a t e s  o f  t h e  v e h i c l e s  ( i n -  

c l u d i n g  t h e  a d j u s t m e n t  of  t h e  temp- 

o r a l  mode l ) .  

2.1 F i n d i n g s  

The b a s i c  compar i sons  were made between d a t a  f o r  

two ten-month p e r i o d s ,  J a n u a r y  th rough  Oc tobe r  o f  1973 

and 1974. D e t a i l e d  i n f o r m a t i o n  r e g a r d i n g  e a c h  r o a d  i s  

p r e s e n t e d  i n  t a b u l a r  form. The s u m a r 1 7  p r e s e n t e d  

below i s  based  on an a g g r e g a t e  o f  a l l  of  t h e  d a t a .  

Gene ra l  c o n c l u s i o ; ~ ~  r e g a r d i n g  t h i s  a g g r e g a t i o n  a r e :  

(1) I n  t h e  a f t e r  p e r i o d  p a s s e n g e r  c a r  

t r a f f i c  was down 14 .7% r e l a t i v e  t o  

t h e  b e f o r e  p e r i o d .  Truck t r a f f i c  

r o s e  abou t  1 . 2 % .  (See  Tab le  2 . 1 )  

( 2 )  The involvement  of  c a r s  i n  c r a s h e s  

i n  t h e  a f t e r  p e r i o d  was doiin 45 .1%;  

f o r  t r u c k s  involvement  was down 

16.6%. (See T a b l e  2.2) 

( 3 )  The r e d u c t i o n  o f  i nvo lvemen t s  o f  c a r s  i n  

two-vehic le  c r a s h e s  was s l i g h t l y  g r e a t e r  

t h a n  f o r  s i n g l e  v e h i c l e  c r a s h e s  - 47 v e r -  

s u s  4 4 % .  The involvemznt  o f  l a r g e  t r u c k s  

i n  s i n g l e  v e h i c l e  a c c i d e n t s  was doim o n l y  

3% i n  1 9 7 4 ,  w h i l e  t h e i r  involvement  i n  two- 

v e h i c l e  c r a s h e s  was down 2 8 5 .  The g r e a t e r  

r e d u c t i o n  of  l a r g z  t r u c k s  i n  t ~ o  v s ! ~ i c l ?  

c o l l i s i o n s  i s  a s s o c i a t e d  w i t h  t h e  r e -  

d u c t i o n  of cars i n  two-vehicle collisions, 

s i n c e  the " o t h e r "  vehicle is u s u a l l y  a  

car. (See T a b l e  2.3 which i s  t h e  agg re -  
g a t e  o f  T a b l e s  6.2-6.6.) 
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TABLE 2 . 3  

INVOLVE3IENTS BY C O L L I S I O N  TYPE 
AGGREGFUTE O F  F I V E  T O L L R O A D S  

Ten 1.lonths (Jan. -0ct. ) 

Yo 
Collision Type 1973 1973 Reduction 

Single Vehicle 
Involvements 

Cars 
Large Trucks 

Two-Vehicle 
Involvenents 

Cars 
Large Trucks 

Total Involvenents 

Cars 
Larse Trucks 



( 4 )  Involvement r a t e s  (i. e .  , involvements  

per  v e h i c l e  m i l e )  were down 35 .6% f o r  

c a r s ,  17.6% f o r  t r u c k s .  (See Table  2 . 4 )  

(5 )  Car speeds  went down 8.2 mph on t h e  

ave rage ,  wh i l e  t r u c k  speeds  dec reased  

an average  of  4 .3  mph. The speed 

d i f f e r e n t i a l  between c a r s  and t r u c k s  

changed d r a s t i c a l l y  on ly  i n  Ohio where 

it dropped from 12 .8  m?h t o  1.88 r ~ p h .  

These r e s u l t s  a r e  shown f o r  each  road  

i n  Table  2 .5 .  

( 6 )  The r e d u c t i o n s  t h a t  have been n o t e d  i n  

t h e  p rev ious  f i n d i n g s  a r e  summarized i n  

Table  2 . 6 ,  Both c a r s  and l a r g e  t r u c k s  

a r e  agg rega t ed  f o r  a l l  f i v e  t o l l  r oads .  

The speed r e d u c t i o n  g iven  i s  t h e  ave rage  

f o r  c a r s  and l a r a e  t r u c k s  on t h e  f i v 2  

roads  weighted by t h e  v e h i c l e  r i l e s  

t r a v e l l e d  by each  type  of v e h i c l e  on 

each  road.  Obviously t h e  involvements  

( v e h i c l e s )  i n  c r a s h e s  was down i n  1974 

much more t h a n  t h e  r e d u c t i o n  i n  t r a v e l  

would s u g g e s t .  The r e d u c t i o n  canno t  be  

e x p l a i n e d  s o l e l y ,  o r  e v e n l y  l a r g e l y ,  by 

t r a v e l  a lone .  Hence speed and o t h e r  

f a c t o r s  must accoun t  f o r  a major  p o r t i o n  

of  t h e  observed  r e d u c t i o n .  

( 7 )  F a t a l i t i e s  were down abour  47%,  and t h e  

f a t a l i t y  r a t e  ( f a t a l i t i e s  p e r  a c c i d e n t )  

was doim 19 .9%.  C a s u a l t i e s  ( i n j u r i 5 s  

of any  s e v e r i t y  i n c l u d i n g  f a t a l s )  wzre 





TABLE 2.5  

SPEED CHANGES 

R e d u c t i o n  Speed  D i f f e r e n t i a l ,  
i n  Speed  mph*** 

Toll goad !.!P H 5 aef  o r e  ?:f ter 

Kansas*  

C a r s  8 . 6 1  1 2 . 6  
L a r g e  T r u c k s  7 .18  1 1 . 0  

Maine 

C a r s  8.17 12.2 
L a r g e  T r u c k s  7 . 4 3  1 1 . 5  

New York 

C a r s  8.14 1 2 . 4  
Large  Trucks  5.52 9 . 2  

Ohio 

Cars 1 0 . 2  1 4 . 3  
L a r g e  T r u c k s  - O m ?  - 1 . 2  

Cars 5 .9  9 . 0  
L a r g e  Trucks  1 . 9  3 . 2  6 . 0  2 . 0  

*Speed s u r v z y s  Icere n o t  t a k e n  on  t h e  K a n s a s  T u n -  
p i k e  b e f o r e  t h e  e n e r g y  c r i s i s .  Speed  d a t a  f rom 
Kansas  I n t e r s t a t e  r o a d s  \ < e r e  u s e d  f o r  c a r  s p e e d s .  
Truck  mean s p e e d  i i a s  s u k j e c t i v e l y  e s t i x a t e d  by a  
member of t h e  Kansas  Highiss.1' P a t r o l ,  T u r n p i k e  
D i v i s i o n  s i n c e  t h z  I n t e r s t a t e  s 2 e e d  l i m i t  f o r  
t r u c k s  was 6 0  :.'L;?H r a t h e r  t h a n  75 :I?%.  

* * S u f f i c i e n t  s p e e d  s u r v e y s  [(ere n o t  a v a i l a b l e  i n  
P e n n s y l v a n i a ,  ?:ean s w e d s  f r o n  a s i n c l e  s t a t i o n  
on t h e  Tur i lg ike  a r e  skotm h e r e  f o r  c o m p a r i s o n .  

***The d i f f s r ~ n t i . 3 1  i s  t h e  mean c a r  s p e e d  minus  t h e  
mean t r u c k  s p e s d .  





down 3 7 . 8 % ,  and t h e  c a s u a l t y  r a t e  was 

down 6 . 6 % .  The reduced  f a t a l i t y  r a t e  

s u g g e s t s  t h e  a c c i d e n t s  of 1974 were 

less s e v e r e  t h a n  t h o s e  of  1973. The 

l e s s e r  r e d u c t i o n  i n  t h e  c a s u a l t y  r a t e  

i s  n o t  i n c o n s i s t e n t  w i t h  t h i s ,  s i n c e  

many minor i n j u r i e s  which c o u l d  r e s u l t  

from minor a c c i d e n t s  a r e  i n c l u d e d  i n  

t h e  c a s u a l t i e s .  (See  Tab le  2 . 7 )  

Given t h e  dichotomy of  c a r s  and l a r g e  t r u c k s ,  

f o u r  s p e c i f i c  t y p e s  o f  two-vehic le  c r a s h e s  predomina te  

on t h e  t o l l  r oad  main l i n e s .  These zre d e f i n e d  a s  

c a r  f r o n t  i n t o  c a r  r e a r  ( C C ) ,  c a r  f r o n t  i n t o  t r u c k  

r e a r  (CT) , t r u c k  f r o n t  i n t o  c a r  r e a r  (TC) , and t r u c k  

f r o n t  i n t o  t r u c k  r e a r  (TT) .  I n  t h e  t a b l e s  p r e s e n t e d  

h e r e  we w i l l  show t h e  observed  f r equency  d i s t r i b u t i o n  

of t h e s e  t y p e s  of  c r a s h e s  a s  w e l l  a s  t h e  d i s t r i b u t i o n s  

p r e d i c t e d  by t h e  s e v e r a l  models.  

Table  2 .8  p r s s e n t s  t h e  a g g r e g a t e d  d a t a  f o r  1 9 7 3  

and 1 9 7 4  ? , i i th  obse rved  i n f o r m a t i o n  i n  t h e  l e f t  hand 

columns, and t h e  p r e d i c t e d  r e s u l t s  from t h e  L l r e e  

models fo l l owing .  Note t h a t  t o t a l  two-veh ic l e  i n v o l v e -  

ments d e c r e a s e d  from 3286 t o  1926--a 4 1 %  change.  The 

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







t h a t  c a r - c a r  a c c i d e n t s  a r e  down, c a r - t r u c k  a c c i d e n t s  

abou t  t h e  same, t r u c k - c a r  a c c i d e n t s  up s u b s t a n t i a l l y ,  

and t r u c k - t r u c k  a c c i d e n t s  up s l i g h t l y .  

The c a r - c a r  involvements  were a  l o v e r  p r o p o r t i o n  

of a l l  two v e h i c l e  i n ~ o l v e r r ~ e n t s  t h a n  was p r e d i c t e d  by 

any o f  t h e  t h r e e  models .  T h i s  s u g g e s t s  a  speed  con- 

t r o l l a b i l i t y  phenomenon n o t  accoun ted  f o r  i n  any o f  

t h e  mode l s - - i . e . ,  c a r s  t r a v e l i n g  a t  lower  s p e e d s ,  even 

a f t e r  a d j u s t i n g  f o r  t h e i r  re2uced  number, have a  

lower a c c i d e n t  p r o b a b i l i t y  t h a n  when t h e y  were t r a v e l -  

i n g  a t  a  higher  speed .  A l l  t h r e e  n o d e l s  p r e d i c t e d  an 

i n c r e a s e  i n  t h e  p r o p o r t i o n  of t r u c k - t r u c k  a c c i d e n t s ,  

and t h i s  i s  c o n s i s t e n t  w i t h  t h e  o b s e r v a t i o n s .  

N e i t h e r  t h e  independence  model n o r  t h e  t empora l  

model i s  a b l e  t o  d i f f e r e n t i a t e  between c a r - t r u c k  and 

t r u c k - c a r  c o l l i s i o n s .  The i n t e r a c t i o n  model i s  a b l e  

t o  d i s t i n g u i s h  t h e s e  c o l l i s i o n  t y p e s  because  t h e  e f f e c t  

of t h e  speed  d i s t r i b u t i o n s  i s  i n c l u d e d .  Elowever, t h e  

observed  changes  a r e  much l e s s  t h a n  t h e  p r e d i c t e d .  

The i n f o r m a t i o n  i n  Table  2 . 8  nay be used  t o  com- 

p u t e  over- involvement  r a t e s .  For  e a c h  o f  t h e  models 

t h e  over- involvement  r a t e  i s  computed by s imply  d i v i d i n g  

t h e  observsd  p r o p o r t i o n s  by t h e  p r e z i c t e d  ~ r o p o r t i o n s  

for e a c h  c o l l i s i o n  t y p e .  These r e s u l t s  a r e  p r e s e n t e d  

i n  Tab le  2 . 9  f o r  e a c h  model. The c o n s i s t e n c y  between 

models i s  s t r i k i n g .  The u n d e r - r e ~ r e s e n t a t i o n  of c a r -  

car involvements and t h e  o v e r - r e p r e s e n t a t i o n  o f  t r u c k -  

car and t r u c k - t r u c k  i n ~ o l \ ~ s n e n t s  i s  i n d i c a t e d  by a l l  

t h r e e  models b o t h  b e f o r e  an2 a f t e r  t h e  e n e r g y  c r i s i s .  

FIised r e s u l t s  o c c u r  o n l y  f o r  ti12 c a r - t r u c k  i n v o l v s -  

ments. 



TABLE 2.9 

COMBINED R E S U L T S  

OVER-INVOLVE!lENT R A T E S  FOR T N O  V E H I C L E  C O L L I S I O F ! S  
Ten M o n t h s  ( J a n .  - 0 c t .  ) 

C o l l i s i o n  Yeh, M i .  Temporal Interact ion 
TYPE Veh. E i i .  Mode 1 



The i n t e r a c t i o n  model a l s o  p r o v i d e s  a  framework 

f o r  examining t h e  e f f e c t s  of t h e  speed change.  The 

two-vehicle involvements  add re s sed  by t h e  t h r e e  p re -  

d i c t i v e  models were reduced 33%. Assuming a s imple  

l i n e a r  r e l a t i o n ,  13% could  be a t t r i b u t e d  t o  reduced 

t r a v e l  ( v e h i c l e  m i l e s  was r e suced  by 1 3 % ) .  The num- 

b e r  of p a s s i n g s  p r e d i c t e d  by t h e  i n t e r a c t i o n  model, 

which i n c l u d e  bo th  t r a v e l  and a  speed e f f e c t  i s  d o n  

21% (See Table  7 .16 ) .  The d i f f e r e n c e  of 1 2 %  between 

reduced involvements  and reduced p r e d i c t e d  p a s s i n q s  

may i n  p a r t  r e s u l t  from an a d d i t i o n a l  f a c t o r  o f  

speed.  Th i s  i s  a  r e d u c t i o n  i n  t ! ~ e  p r o k a b i l i t y  of a 

c r a s h  i n  a  p a s s i n g  maneuver. I f  t h i s  p r o b a b i l i t y  i s  

reduced a t  lower o v e r a l l  s p e e d s ,  a s  seems l i k e l y ,  t h e n  

speed p l a y s  a  major r o l e  i n  t h e  r e d u c t i o n  of twc 

v e h i c l e  c r a s h e s  on t h e  t u r n p i k e s .  



2.2 Conclusions 

(1) A principal finding is that speeds of passenger 

cars on toll roads were reduced substantially by the 

reactions to the energy crisis. This speed reduction was 

accompanied by a reduction in the number of crashes, injuries, 

and fatalities far in excess of that expected from a simple 

volume adjustment. From purely a safety point of view this 

speed reduction has a significant impact. 

(2) The interaction model of traffic flow is intended 

to help explain a change in the pattern of accidents; and 

indeed the shift to a higher proportion of truck-into-car 

collisions is consistent with this model. We must conclude, 

however, that this model does not predict the observed 

results fully and that there are other factors not accounted 

for in the present study which must account for the remainder. 

(3) The major part of the variation in accident rate, 

and perhaps in the pattern as well, should be related to the 

probability of a collision given a passing maneuver, and 

data to better define this factor were not available in the 

present study. Further, the interaction model itself is 

sensitive to the accuracy and precision of the data used in 

it. 

(4) Even though truck involvements in toll road acci- 

dents were reduced as a result of the energy crisis, trucks 

are still overrepresented in two-vehicle accidents--both 

of the truck truck and the truck-car variety. The use of the 

interaction model in the previous report (1) indicated that 

trucks were over-represented as the striking vehicle in 

rear-end toll road (and by inference, interstate) collisions-- 

relative to the nuntber of opportunities (passings) for such 

(1) Scott, R.E. and O'Day, J. "Statistical Analysis 
of Truck Accident Involvement", prepared for 
NHTSA, DOT-HS-800-627, December, 1971. 



collisions. This overrepresentation is still present. 

Furthermore the proportion of two vehicle collisions in which 

trucks are involved as the striking vehicle is greater than 

it was before the energy crisis. Collision rates overall 

were down, but trucks running into cars while passing is 

still a problem to be reckoned with. 



2 .3  Recommendations 

(1) I n  t h e  l i g h t  of t h e  marked improvement i n  a c c i d e n t ,  

i n j u r y ,  and f a t a l i t y  r a t e ,  con t inued  enforcement  of t h e  

energy c r i s i s  speed  l i m i t s  seems c o n s i s t e n t  w i t h  improved 

s a f e t y .  There  may have been o n l y  a  modest c o n s e r v a t i o n  of  

f u e l ,  some inconven ience ,  and c o n s i d e r a b l e  c o n p l a i n t  w i t h  

t h e  reduced speed l imi t s .  N e v e r t h e l e s s ,  t.he s u b s t a n t i a l  

r e d u c t i o n  i n  a c c i d e n t  l o s s  shown h e r e  should  be an i m p o r t a n t ,  

i f  n o t  p r imary ,  f a c t o r  t o  be  c o n s i d e r e d  i n  connec t ion  w i t h  * 
proposa l s  t o  r e t u r n  t o  p r e - c r i s i s  speed c h a r a c t e r i s t i c s .  

( 2 )  With r e s p e c t  t o  t h e  d a t a  f o r  a  s t u d y  such  

as t h i s  one ,  we would recormend t h a t  t o l l  roads  con- 

t i n u e  t o  be  used  t o  s t u d y  t r a f f i c  phenomena. The 

a v a i l a b i l i t y  o f  r e l a t i v e l y  good t r a f f i c  count  d a t a ,  and 

t h e  u n i f o r m i t y  o f  p o l i c e  a c c i d e n t  r e p o r t i n g  makes t o l l  

f a c i l i t i e s  s u p e r i o r  t o  o t h e r  roads .  There  a r e  c e r t a i n  

improvements i n  d a t a  q u a l i t y  which a r e  p o s s i b l e  w i t h  

modest e f f o r t :  v e h i c l e  c l a s s  d e s i g n a t i o n  on t h e  t o l l  

r eco rds  and on t h e  a c c i d e n t  r e c o r d s  could  be nade con- 

s i s t e n t ,  h i g h l y  d e s i r a b l e  i n  p e r m i t t i n g  n o r e  p r e c i s e  

i n t e r p r e t a t i o n  o f  the i n t e r s e c t i o n  of  t h e s e  d a t a .  

Speed measurements,  a s  nade by t l e  FHWA, a r e  n o t  

r e g u l a r l y  conducted on t o l l  f a c i l i t i e s ;  r a t h e r  t h e  

t o l l  f a c i l i t i e s  have only  o c c a s i o n a l l y  measured speeds  

as a p a r t i a l  measure of  t h e i r  c a p a c i t y .  Speed d a t a  

acqu i r ed  f r e q u e n t l y ,  and t aken  w i t h  an eye  t o  subsequen t  
......................... 
* 
I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  e s s e n t i a l  f e a t u r e s  of  
t h i s  recon~niendation a r e  embodied i n  t h e  r e c o r n e n d a t i o n  
of LG'HTO. " E f f e c t s  of t h e  55 m ~ h  saeed  li: ,iit" .?cneriean 
Assoc ia t ion  o r  S t a t e  Highway & Transportation O f f i c i a l s ,  
Novenbsr, 1 9 7 4 .  



s a f e t y  e v a l u a t i o n s  would have been most v a l u a b l e  i n  

t h i s  s t u d y .  I t  s h o u l d  n o t  b e  a  c o s t l y  e f f o r t ,  and we 

recormenc~ t h a t  such  d a t a  t a k i n g  be i n s t i t u t e d  on major  

t o l l  roads  t o  s e r v e  a s  a  b a s e  f o r  f u t u r e  s a f e t y  s t u d i e s .  

( 3 )  With r e s p e c t  t o  t r a f f i c  f low model ing e f f o r t s ,  

we have judged t h a t  t h e  i n t e r a c t i o n  model used i n  t h i s  

s t u d y  d i d  n o t  f i t  t h e  change i n  t h e  obse rved  d i s t r i b u t i o n s  

of two v e h i c l e  c o l l i s i o n  t y p e s .  Models of such  p r o c e s s e s  

as t r a f f i c  a r e  u s e f u l  i n  t h a t  t h e y  h e l p  t o  e x p l a i n  e f f e c t s  

which may be encoun te red  i n  t h e  f u t u r e ,  and we s u g q e s t  t h a t  

f u r t h e r  a n a l y t i c a l  e f f o r t  toward a  b e t t e r  u n d e r s t a n d i n g  of 

t h e  r e l a t i o n s h i p s  of  s p e e d ,  speed  v a r i a n c e ,  t y p e  c h a r a c t e r -  

i s t i c s ,  rgad  c h a r a c t e r i s t i c s ,  e t c . ,  a r e  i n  o r d e r .  S p e c i f i c a l l y  

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

of a  c o l l i s i o n  g i v e n  a  p a s s i n g  maneuver might  have l e d  t o  a  

model more c o n s i s t e n t  w i t h  t h e  d a t a  o b s e r v e d  h e r e .  

( 4 )  N e i t h e r  t h e  ? r e c e n t  r e p o r t  no r  t h e  ? r e v i o u s  

one (1) s t u d i e d  t h e  mechanisg o f  t h e  t r u c k - i n t o - c a r  

rea r -end  c o l l i s i o n s  s u f f i c i e n t l y  t o  s u g g e s t  c o u n t e r -  

measures.  The r e d u c t i o n  i n  c a r  s p e e d s  has  made t h i s  

problem more a p p a r e n t ,  and i t  would be a p p r o p r i a t e  f o r  

b e t t e r  d e f i n i t i o n  o f  how t h e  maneuver ing c a p a b i l i t i e s  

or d r i v e r  a c t i o n s  l e a d  t o  t h i s  o v e r r e p r e s e n t a t i o n .  A 

s p e c i f i c  method f o r  s t u d y  I s  n o t  p roposed ,  b u t  it i s  

recommended t h a t  NHTSA c o n s i d e r  methods o f  f u r t h e r  

i d e n t i f y i n g  why t h i s  o v e r r e p r e s e n t a t i o n  e x i s t s .  

(1) S c o t t ,  3. E. and OtDay, J .  " S t a t i s t i c a l  A n a l y s i s  
o f  Truck Acc id2nt  I n ~ o l v ? r ? ~ ? n t " ,  2rsparec-I f o r  NIITSA, 
DOT-HS-800-627, Decen?ber, 1971. 



3.0 METHODOLOGY 

The general objective of this study is to obtain 

quantitative estimates of the magnitude of the safety 

benefits produced by the energy crisis. While it is 

recognized that a combination of many factors is respon- 

sible for the observed safety benefits, this study is 

concerned primarily with the identification of the role 

played by changes in traveling speeds. The analysis 

was restricted to toll roads in the belief that 

variations in traffic volume could accurately be deter- 

mined and included in the analysis. The objective of 

this analysis is the deveiopment of an understaridinq of 

the roles played by traffic volumes and speeds in the 

accident experience observed on the selected toll roads 

during the variety of conditions produced by the energy 

crisis. Section 3.1 describes the analysis techniques 

used to study the relationships between changes in speed, 

volume, and accident experience. The techniques chosen, 

to a large extent, dictate the data requirements. These 

requirements and their relation to the selection of toll 

roads studied is discussed in Section 3.2 

3.1 Analvsis Technioues 

The initial anallvsss [ere directed' at determining 

the changes in the three principle variables (volumes, 

speeds, and accidents) over the two year per iod .  How 

the combination of events which is referred to as the 



"energy crisis" produced these changes is beyond the 

scope of this study. For purposes of analysis the first 

ten months of 1973 and 1974 were selected for comparison. 

November and December were omitted because the onset of 

the energy crisis came during these months. Seasonal 

variations are not a problem since the same ten months 

were selected from each year. In general, the two 

periods represent relatively stable but different con- 

ditions of speed, traffic, and accidents for each of the 

roads. 

Another major facet of this analysis is the dichot- 

omy of vehicles on the road. Emphasis is placed on 

large trucks and passenger cars because these two vehicle 

types were affected differently by the energy crisis. 

Comparisons of the accident experience of trucks 

and cars have often been based on computation of rates 

for each in accidents per vehicle mile. When consider- 

ing a dichotomy of vehicles, such as cars and trucks, 

with the likelihood of involvement proportional to the 

amount of travel, the class accounting for the minority 

of vehicle miles will appear to be overinvolved. If 

we consider the possible permutations of the two classes 

of vehicles in two-vehicle accidents, we find that each 

class is in a greater proportion of the accidents than 

the proportion of miles travelled by that class. The 

ratio of two vehicle accidents per vehicle mile for the 

minority class to the rate for the majority class is 

(2-P,)/(l+Pm) where Pm is the proportion of travel which 

is accrued by the minority vehicle. If trucks were to 

account for 2 0  percsnt of the travel, their two-vehicle 

accident rate would be one and one-half timss as great 

as the accident rate for cars, assuming each is in equal 

jeopardy per mile travelled. This apparent magnification 



of accident rate is avoided if involvement rate is used-- 

counting each individual vehicle involved in a crash-- 

rather than accident rates. 

Involvement rates are computed for cars and trucks 

for each of the ten month periods based on the miles 

travelled by each. These rates are then compared. The 

implicit assumption in such a calculation is that acci- 

dent involvement is proportional to mileage. 

Of particular interest are the two vehicle col- 

lisions. These are separated into four types: 

CC - Car into Car 
CT - Car into Large ?ruck 
TC - Large Truck into Car 
TT - Large Truck into Large Truck 

If one extends the vehicle mileage basis for involve- 

ments to two vehicle collisions, then the probability 

that one of the vehicles is of a particular type is 

equal to the proportion of the total mileage accunulat~d 

by that vehicle type. Under this assumption then, the 

proportion of the two vehicle accidents of each con- 

figuration would be expected to be: 
2 cc - PC where : 

CT - PCPT P~ = proportion of car traffic 

TC - PTPC pT = proportion of truck traffic 

TT - p; 
These proportions may be based on the gross mile- 

age for cars and trucks. A refinement of this approach 

takes into account the temporal distributions of vehicle 

traffic. For esample, the proportion of trucks on the 

road at night is much grzater than in the daytime so 

that the probabilitl- of a truck-into-truck (TT) accident 

would be higher at night. By breaking the mileage 

travelled by each class down into the month of the year, 



day of the week, and time of the day in which it was 

accumulated, periods may be defined during which the 

mix of vehicles on the road is constant. The probability 

of each type of involvement may then be calculated for 

each of these periods. The distributions from each 

period can then be combined to generate an aggregate 

distribution. The combined distribution was computed 

for purposes of this study by allocating the total two 

vehicle involvement in each period according to the pro- 

babilities computed for that period. The aggregate was 

formed by simple summing for each configuration. 

The methods used so far include only the effects 

of vehicle mileage. Our primary interest here is in the 

effects produced by changes in speed. One area where 

speed effects might be expected to be apparent is in the 

ratio of car-into-truck (CT) totruck-into-car (TC) 

collisions. Prior to the energy crisis cars travelled 

faster than trucks on the average, and consequently one 

would expect more CT collisions than TC. For the multi- 

lane limited access divided highways under study here, 

most two vehicle accidents are of the overtaking nature. 

Since one effect of the energy crisis was to reduce the 

speed differential between cars and trucks, one would 

expect an increase in the proportion of TC collisions 

and a decrease in the number of CT collisions. Note 

that the proportion of CT and TC collisions predicted 

on the basis vehicle miles will always be equal ( p  p = 
C T 

pTpC) 
This deficiency in predictions based on vehicle 

miles alone led to the application of the Interaction 

Eiodel (1) which incorporates the speed distributions 

(1) Scott, R. E. and OIDay, J. "Statistical Analysis of 
Truck Accident Involvement", prepared for NHTSA, 
DOT-HS-800-627, December, 1971. - 



of both vehicle classes as well as the density of each 

vehicle class on the road. The logic for this model 

begins with the fact that two vehicles cannot collide 

unless they are first in close proximity. 

In a freeway driving situation the proximity of 

two vehicles normally arises in a passing situation which 

occurs as a result of differences in the traveling speeds 

of the two vehicles. Therefore, the unit of exposure in 

the interaction model is the overtaking of a slower 

vehicle by a faster vehicle. If the roadway may be 

modeled as a one-directional free-flowing traffic stream 

composed of two vehicle classes having their respective 

speed distributions and densities, then the overtaking 

rate (the rate at which the vehicles of one class pass 

vehicles of the other class) is given by: 

03 03 

OR = DvDu f f (v-u) h (v) h (u)dvdu 
0 u 

where: 

Dv - density in veh/mile of the passing class 
Du - density in veh/mile of the class being 

passed 

v - velocity of vehicles in the passing class 
u - velocity of vehicles in the class being 

passed 

h ( v )  - probability density function giving the 
percentage of vehicles in the passing class 

traveling in the speed increment S V  

h(u) - probability density function for u. 

This espression yields the expected nunher of times 

vehicles in class v pass vehicles in class u on a one 

mile segment during a one hour time period. Therefore, 



the result must be multiplied by the segment length 

and time period to obtain the predicted number of 

passings. 

The relevant accicient configurations are: Car 

into Car (CC) , Car into Truck (CT) , Truck into Car (TC) , 
and Truck into Truck (TT). The predicted number of 

passings for each of these combinations is obtained by 

carrying out the integration shown in equation (1) four 

times, each time using the appropriate quantities for 

Du, Dv, h(u) , h(v) . This computation is performed 

using techniques of numerical integration. 

A basic assumption of this model is that no 

queues form, and that the occurrence of a passing 

situation does not cause either vehicle to alter its 

speed. Application of this model is appropriate for 

any increment of roadway and time over which the 

densities and speed distributions of the two classes do 

nr.,t vary. However, passenger car traffic volume varies 

considerably. In particular volume is known to follow 

hourly, weekly, and seasonal trends. Truck traffic 

also varies, although to a lesser extent. Traffic 

speed also varies depending on the location, time, 

density and other factors. Since the interaction model 

can only be applied to periods of roughly consistent 

density and speed distrib~tions, it is necessary to know 

the appropriate monthly, daily, and hourly distributions. 

A more detailed description of the application of 

this model is presented in Appendis A. In summary, how- 

ever, each segment-month was divided into eight periods 

definsd b:, a four 6 hour time periods and a division 

between weekdays ar,d ~j~eekends. f\ se~ment was t h e  
5 section d road between two interchanges. S?eed 

distributions for cars and truck were obtai~ed for 

each month, and the vehicle mileage for each vehicle 



t y p e  was a l l o c a t e d  t o  t h e  a p p r o p r i a t e  p e r i o d s  of t h e  

month a s  i n  t h e  t empora l  v e h i c l e  mi l eage  c a l c u l a t i o n .  

The r e s u l t s  o f  t h e  I n t e r a c t i o n  Model (I.M.) a r e  agg rc -  

g a t e d  by s imply  summing t h e  p r e d i c t e d  number of p a s s i n g s  

f o r  each  of t h e  f o u r  c o l l i s i o n  c o n f i g u r a t i o n s .  

3.2 Data Requirements  

3 .1 .1  Requi rements .  Three t y p e s  of 2 a t a  a r e  

r e q u i r e d  t o  pe r fo rm t h e  a n a l y s e s  d e s c r i b e d  i n  t h e  p r e v i o u s  

s e c t i o n .  The t h r e e  t y p e s  a r e :  

(1) exposu re  ( v e h i c l e  m i l e s )  

( 2 )  a c c i d e n t  

( 3 )  speed .  

A l l  t h r e e  a r e  r e q u i r e d  f o r  t h e  i n t e r a c t i o n  model.  The 

t h r e e  t y p e s  w i l l  b e  d i s c u s s e d  g e n e r a l l y  b u t  a 5 ~ a r a t e l y  

The s p e c i f i c  r e q u i r e m e n t s  f o r  e a c h  t y p e  p rov ided  much 

of  t h e  c r i t e r i a  f o r  t h e  s e l e c t i o n  of  t o l l  r o a d s  f o r  t h e  

s t u d y  . 
The p r imary  u n i t  o f  exposu re  used  i n  t h e  s t u d y  i s  

t h e  amount o f  t r a v e l  i n  v e h i c l e  m i l e s .  Conpu ta t i on  of  

o v e r t a k i n g  r a t e s  f o r  t h e  i n t e r a c t i o n  model r e q u i r e s  

t h e  u s e  of a v e r a g e  d e n s i t y  ( v e h i c l e s  p e r  u n i t  d i s t a n c e ) .  

Both v e h i c l e  m i l e s  and d e n s i t y  can  be d e r i v e d  from 

t r a f f i c  volume ( t h e  number of v e h i c l e s  p a s s i n g  a  p o i n t  

i n  u n i t  t i m e )  a l t h o u g h  t h e  d e r i v a t i o n  of d e n s i t y  a l s o  

r e q u i r e s  knowledge o f  speed, Thus a  t r a f f i c  neas.clre 

b a s i c  t o  t h e  s t u d y  i s  volume. Over t h e  t ime  i n t e r v a l s  

used i n  t h e  b a s i c  a n a l y s i s  u n i t s  ( s i x  h o u r s ) ,  t h e  volume 

on a  highway i s  c o n s t a n t  o v e r  a  segment d e f i n e d  by 

a d j a c e n t  p o i n t s  of a c c 2 s s .  V o l u ~ ~ e  varbv from segment 

t o  segment.  The m i s  of  v e h i c l e s ,  i . e . ,  e a r s  and t r u c k s ,  

which i s  studied w i t h  t h e  i n t e r a c t i o n  model may a l s o  



vary by segment.  heref fore traffic volume is required 

by vehicle type and by segment. 

All toll roads use either of two methods for col- 

lecting tolls from which volume can be generated. The 

most common on roads with long average trips and infre- 

quent access is the use of tickets. On such roads the 

original data is in the form of origin-destination by 

toll class. Computation of both volume and vehicle 

miles is possible from origin-destination data and 

some roads reguarly compile tabulations of both. The 

alternative collective technique used is the barrier 

method in which a toll is collected at one or more 

points per trip regardless of the destination. This 

method allows a precise measure of volume at the col- 

,lection points, but does not permit equally precise 

computations of vehicle miles since the tri? lengths 

are not necessarily defined, or of volume over 

individual segments of the road. Thus the ticket 

collection method provides more suitable exposure data 

for this study. 

In addition to the above, traffic data are necessary 

to derive volume by segment and toll class in detail 

sufficient to describe or estimate seasonal, daily, and 

hourly traffic patterns. The interaction-model is only 

relevant to the extent that it can reflect the actual 

mix (by vehicle type) of traffic concurrently using . . . . 
the road. Differences in the patterns for the two 

types of vehicle can alter the mix substantially. 

The accident data used in the study is provided 

by normal police in\?estii;ations. The onll. speci~l rc-  

quirements were that the data be available in a digital 

form. The variables essential to the analysis are: 



(1) time o f  day  

( 2 )  d a t e  o r  month and day  of week 

( 3 )  c o l l i s i o n  t y p e  and c o n f i g u r a t i o n  

( 4 )  t y p e  o f  v e h i c l e s  i n v o l v e d  

(5 )  l o c a t i o n  o f  a c c i d e n t .  

The time o f  t h e  a c c i d e n t - b o t h  d a t e  and hour--were needed  

w i t h  a  r e s o l u t i o n  a d e q u a t e  t o  p l a c e  t h e  o c c u r r e n c e  w i t h -  

i n  t h e  a p p r o p r i a t e  a n a l y s i s  u n i t  and t h e  s p e c i f i c  6 h o u r  

p e r i o d .  A l l  p o l i c e  r e p o r t s  p r o v i d e  t h i s  d a t a .  Some 

of  t h e  r o a d s  t h a t  were  s e l e c t e d  code  t h e  day o f  week, 

which was u s e d  t o  Zeterrnine i f  t h e  c a s e  o c c u r r e d  on a  

weekday o r  weekend. A l t e r n a t i v e l y ,  HSRI d e r i v e d  t h e  

weekday-weekend v a r i a b l e  f rom t h e  comple t e  d a t e .  

The c o l l i s i o n  t y p e  and  c o n f i g u r a t i o n  t o g e t h e r  w i t h  

l o c a t i o n  i s  n e c e s s a r y  t o  d e t e r m i n e  which a c c i d e n t s  o c c u r r e d  

on t h e  m a i n l i n e  r a t h e r  t h a n  i n  s e r v i c e  p l a z a s ,  e n t r a n c e -  

e x i t  ramps,  t o l l  b o o t h  a r e a ,  e t c .  These  l a t t e r  c a s e s  

were d e l e t e d  from t h e  stucly because  t h e y  a r e  n o t  r e p r e -  

s e n t a t i v e  of  g e n e r a l  i n t e r s t a t e  highway e x p e r i e n c e .  

While t h e  e n t r a n c e - e x i t  ramps may seem common t o  b o t h  

k i n d s  o f  h ighways ,  it i s  n o t  a lways  p o s s i b l e  t o  d e t e r -  

mine from d i g i t i z e d  a c c i d e n t  d a t a ,  whe the r  a  c r a s h  i n  

such  an a r e a  was o r  was n o t  i n f l u e n c e d  by t h e  p r o x i m i t y  

t o  a t o l l  f a c i l i t y .  F u r t h e r m o r e ,  t r a v e l  i n  t h e s e  a r e a s  

i s  n o t  c o n t r o l l e d  by t h e  g e n e r a l  speed  l i m i t s  on t h e  

highway. The c o l l i s i o n  t y p e  was a l s o  n e c e s s a r y  t o  d e t e r -  

mine which a c c i d e n t s  were s i n g l e  v e h i c l e  i n v o l v e m e n t s ,  

and which c o u l d  be  r z p r e s e n t e d  by t h e  i n t e r a c t i o n  

model. 

I n f o r m a t i o n  on v e h i c l e  t y p e  was n e c e s s a r y  t o  de- 

t e r m i n e  which were c a r s  and which were l a r g e  t r u c k s  - 
the dichotomy used  For analysis. 



A c c i d e n t  l o c a t i o n  was n e c e s s a r y  t o  d e t e r m i n e  on 

which highway segment  t h e  c r a s h  o c c u r r e d .  F o r t u n a t e l y ,  

t h e  l o c a t i o n  of a l l  t u r n p i k e  c r a s h e s  i s  documented by 

m i l e p o s t .  T h i s  p r o v i d e s  a  c o n v e n i e n t  and a d e q u a t e  

b a s i s  f o r  d e t e r m i n i n g  t h e  s p e c i f i c  segment  and 

a s s i g n i n g  t h e  a p p r o p r i a t e  t r a f f i c  d a t a .  

A p p l i c a t i o n  of  t h e  i n t e r a c t i o n  model r e q u i r e s  t h e  

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

o f  t h e  two v e h i c l e  t y p e s .  While comple t e  d e s c r i 2 t i o n s  

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

of  speed  s u r v e y s ,  t h e  e m p i r i c a l  d i s t r i b u t i o n  c a n  b e  

o b t a i n e d  f rom t h e  raw f i e l d  d a t a  s h e e t s  u sed  i n  such  

s u r v e y s .  The d i s t r i b u t i o n s  a r e  d i s c u s s e d  i n  more d e t a i l  

i n  Appendix A .  I t  was found t h a t  t h e  u s u a l  

p r a c t i c e  of  assuming  t r a v e l  s p e e d s  a r e  n o r m a l l y  d is t r i -  

bu t ed  p r o v i d e s  a n  a d e q u a t e  app rox ima t ion  f o r  e s t i m a t i o n  

of p a s s i n g  r a t e s .  Thus i n f o r m a t i o n  a l l o w i n g  e s t i m a t e s  

of t h e  mean and v a r i a n c e  of  speed  a r e  s u f f i c i e n t .  The 

speeds  of  b o t h  v e h i c l e  t y p e s  and b o t h  b e f o r e  and a f t e r  

t h e  i n t e r v e n t i o n  o f  t h e  e n e r g y  c r i s i s  a r e  r e q u i r e d .  

Speed s u r v e y s  have  n o t  been  conduc ted  on many t o l l  r o a d s  

r o u t i n e l y  i n  t h e  p a s t ,  however ,  and  t h i s  r e q u i r e m e n t  

p r e s e n t s  one  o f  t h e  more d i f f i c u l t  d a t a  p rob lems .  S i n c e  

t h e  ene rgy  c r i s i s ,  many more s u r v e y s  have been  conduc ted ,  

b u t  d a t a  on t r a v e l i n g  speed  b e f o r e  t h e  c r i s i s  was o n e  
.. , . ( I ' .  

of t h e  more d i f f i c u l t  d a t a  r e q u i r e m e n t s  t o  r e s o l v e .  

3.1.2 T o l l  Road Survey.  The s e l e c t i o n  o f  t o l l  

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

These i n c l u d e d :  a v a i l a b i l i t y  o f  s u i t a b l e  t r a f f i c  and 

a c c i d e n t  d a t a ,  e x i s t e n c e  o f  speed  d a t a  f o r  1 9 7 3  and 1974 ,  

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

of data .  The p r o j e c t  was s t r u c t u r e d  t o  i n c l u d e  a n a l y s i s  



of approximately five to seven roads. A mail survey of 

each toll road in the United States was conducted to 

determine the availability and suitability of the 

necessary data from each. A list of the toll roads is 

given in Table 3.1, and includes all such roads in the 

continental United States except several short roads in 

Florida and the West Virginia Turnpike. The latter was 

included in the survey but was dropped from conside- 

ration early because it is a two-lane, undivided high- 

way. Toll roads in Texas and Delaware were dropped 

because they are short. Flany of the toll roads collect 

tolls at barriers located such that volume (an2 in turn 

vehicle-miles) cannot be determined on each segment, 

or do not use a toll rate structure that allows dif- 
ferentiating th2 type of vehicle. These roads include 

those in Connecticut, Delaware, Illinois, Kentucky, 

Maryland, the Garden State Parkway in New Jersey, and 

Virginia. New Hampshire and Iassachusetts do not nave 

accident data automated in a manner compatible with the 

hardware at HSRI. The N ~ W  Jersey Turnpik? Authority 

was conducting their own study and could not participate 

in this project until too late for inclusion. 

Florida was considered a desirable road because 

it is the only toll.road in the south. The acci2eilt Zata 

for 1974 was not automated in time for inclusion in the 

study, however. The Indiana Toll Road was eliminated be- 

cause it would add only a small amount of data to the 

Pennsylvania-Ohio axis. The Oklahoma and Kansas roads 

share many corunon gcogr~phic and climtic charactcl-lstics. 

Since traffic by segment is a~~ailabls on only a portion 

of the Oklahoma Turnpike(s), Kansas was selected. 



TABLE 3 . 1  

CANDIDATE TOLL ROADS 

1 2 3  4  5  
No. Speed 

Traffic Fatal No. Limit 
Length l o 8  Acci- Acci- Car/ 

Toll Road Miles Miles dents dents Truck 

Connecticut 
Turnpike 1 2 9  1 9 . 0  37 2631  70/65 

Delaware (JFK) 11 2.1 5  249 60/60 

Florida 307 1 5 . 9  34 2112 70/70 
Turnpike 

Illinois 256 23.2  28 3 1 9 1  70/55 
Tollway 

Indiana T o l l  Rd. 1 5 7  6 .7  1 7  967 70/70 

.Kansas Turnpike 233 5 . 5  1 8  860 75/75 

Kentucky ( A l l )  673  1 2 . 6  27 9 2 3  70/70 

Maine Turnpike 1 0 0  4 .6  9  6 2 1  70 /55  

Maryland (JFK) 42 5 . 2  1 2  5 5 5  ? 0 / 6 0  

Massachusetts 1 3 4  1 2 . 4  24 1 2 5 2  65/50 
Turnpike 

New Hampshire 78 5.0 7  338 70/70 

Garden St. Pkwy 1 7 3  25.6 25  2154 60/60 

New Jersey 1 3 1  2 7 . 5  47 2306 60/60 
Turnpike 

N e w  York 496 43 .2  7 2  6098  65/55 
Thruway 

Ohio Turnpike 2 4 1  1 6 . 5  22 1 9 0 2  70/55 

Oklahoma ( A l l )  420 8 .6  20 530 70/60 

Pennsylvania 469 28.2  38 3148 65 /55  
Turnpike 

Dallas-Ft .\Corth 30 4.7 2 878  70/60 

Richmond- 35  4.9 6  799 65 /55  
Petersburg, Va, 



TABLE 3.1 (continued) 

1. Road length taken from 1974 Rand XcNally Road Atlas. 
2. 1973 Traffic provided by the International Bridge, 

Tunnel and Turnpike Association, Inc., Washington, 
D.C., given in 100 million vehicle miles. 

3 , 4 .  National Safety Council 1973 annual figures. 
5. Daytime speed limits prior to energy crisis taken 

from Rand McNally Road Atlas and "Trucking 
Safety Guide" published by J.J. Keller and 
Associates, Inc. 



The remaining five roads were included in the 

study. These are the Kansas Turnpike, Xaine Turnpike, 

New York Thruway, and the Ohio and Pennsylvania Turn- 

pikes. 

Speed data by vehicle type is available for periods 

after the intervention of the crisis on many roads, but 

for only a few for the "before" period in 1973. On the 

roads deleted from the project, only the Connecticut 

and New Hampshire Turnpikes could provide pre-crisis 

speed surveys. Before and after speed data was used 

from Kansas, Maine, Ohio, and New York, and is dis- 

cussed in detail in a later section. 

Table 3.2 presents a brief 2hysical description 

of the project toll roads for those wishing to compare 

their general features with interstate highway practice. 

The annual travel in vehicle-miles on the five 

roads included in the study is 29 percent of the total 

travel on all toll roads in the United States. 





4 . 0  SPEEDS 

This section describes the speed data which were 

utilized. Sufficient amounts of speed data were ob- 

tained for all of the roads except Psnnsylvania. In 

general there was much more data available for the post- 

energy  crisis period than for the pre-crisis period. 

The first part of this section discusses the general 

trends observed in these data. This is followed by a 

road by road presentation of the data and a discussion 

of the interpretation of the surveys for each road. 

4.1 General Trends 

The speed changes were summarized in Table 4.1 

of the Summary. The average decrease in car mean speed 

is 8.2 mph and the average decrease in truck mean speed 

4.3 rnph. For truck mean speed this average is the re- 

sult of three roads, Kansas, Maine, and New York having 

a 6-7 mph decrease while Ohio and Pennsylvania showed 

essentially no change in truck mean speeds. The decreases 

i n  standard deviations of car speeds found in other 
( 3 )  studies were not found here. 

The issue of speed differential is somewhat 

clouded. In Kansas and Maine the differential was only 

( 3 )  For example, "Effects of the Speed Limit". American 
Association of State Highways and Transportation 
Officials, November, 1974. 





about 3 rnph before the energy crisis. This differential 

decreased to approximately 2 mph. New York and 

Pennsylvannia showed a decrease in the speed differential 

of about 3 rnph in going from a 6 rnph differential to a 

2-3 rnph differential. The Ohio Turnpike is the only 

road which showed an appreciable change in the speed 

differential between cars and trucks. Before the energy 

crisis this differential was nearly 13 nph. After the 

imposition of 55 rnph speed limits this differential 

decreased to approximately 2 mph. 

While it is of interest to summarize the results 

for the pre-and poseenergy crisis periods, those roads 

which collected speed data on a regular basis provide 

sufficient information to reveal considerable variation 

in speeds beginning with the energy crisis in November 

and continuing through all of 1974. To some degree 

these variations arise from the particular chronology 

of speed limits and enforcement on each road. In 

general the two year period (1973-1974) can be dis- 

cussed in three segments. During the first ten months 

of 1973 speeds were stable, although different from 

road to road. Beginning in November with the Presi- 

dent's call for a voluntary 50 mph speed linit,3 

transition period began which continued until adoption 

and enforcement of the 55 nph speed limit. ~ittle in- 

formation is available during this period to address 

the variability of speeds on a given road, but there 

was variability road to road in the response. In 

general, the reduction in car speeds under the voluntary 

50 n~ph was about half ths reduction obta in t ld  under the 

enforced 55 mph limit. Cornm~ncing with the bsginning 

of enforcement of the 55 rnph limit the two roads which 



conduc ted  s u r v e y s  on a p e r i o d i c  b a s i s  (Kansas  and Kew 

York) showed a s t e a d i l y  p r o g r e s s i n g  t r e n d  of  i n c r e a s i n g  

s p e e d s  t h r o u g h o u t  t h e  r ema inde r  o f  1974 .  A s  f a r  a s  i s  

known, a t  t h e  b e g i n n i n g  of  t h e  e n f o r c e d  55  mph l i m i t ,  

c a r  and t r u c k  s p e e d s  were  b o t h  c l o s e  t o  t h e  l i m i t  f o r  

a l l  o f  t h e  r o a d s .  By t h e  end of t h e  y e a r  c a r  s p e e d s  

approached  6 0  mph w i t h  t r u c k  s p e e d s  a b o u t  2 mph less .  

A l l  o f  t h e s e  r e s u l t s  must  be  tempered by a  know- 

l e d g e  of t h e  manner i n  which t h e s e  speed  s u r v e y s  were 

conduc ted .  H i s t o r i c a l l y ,  speed  s u r v e y s  a r e  c a r r i e d  o u t  

t o  a i d  t r a n s p o r t a t i o n  o f f i c i a l s  i n  p l a n n i n g .  T h e i r  ob- 

j e c t i v e  i s  t o  measure  " f r e e  f l o w i n g "  s p e e d s  i n t e n d e d  t o  

r e p r e s e n t  t h e  s p e e d s  a t  which p e o p l e  would p r e f e r  t o  

d r i v e  i n  t h e  a b s e n c e  o f  any r e s t r i c t i o n s  such  a s  t r a f f i c  

or  w e a t h e r  c o n d i t i o n s .  Consequent ly  s u r v e y s  a r e  u s u a l l y  

l i m i t e d  t o  low volume p e r i o d s  (mid-morning and r i d -  

a f t e r n o o n )  w i t h  c l e a r  s k i e s  and d r y  pavement .  I f  t h e i r  

i s  any queu ing  i n  t h e  t r a f f i c  s t r e a m ,  o n l y  t h e  f r o n t  

v e h i c l e  of t h e  queue  i s  r e c o r d e d  on t h e  p re sumpt ion  

t h a t  t h e  o t h e r s  a r e  b e i n g  impeded. A s  t o l l  r o a d  

o f f i c i a l s  began c o n d u c t i n g  speed  s u r v e y s  a f t e r  t h e  

e n e r g y  c r i s i s  w i t h  t h e  i n t e n t i o n  o f  m o n i t o r i n g  t y p i c a l  

speed  c o n d i t i o n s ,  t h e s e  s u r v e y  t e c h n i q u e s  were  adhe red  

t o  i n  v a r y i n g  d e g r e e s .  Al though a t t e m p t s  were  a lways  

made t o  c o n c e a l  t h e  speed  d e t e c t i n g  equipment ,  measure-  

ments  were  made from pa rked  c a r s  i n  some s t a t e s  and t h e  

i n f l u e n c e  of  CB r a d i o  u s e  by t r u c k e r s  may have i n f l u e n c e d  

t h e  r e s u l t s  o b t a i n e d .  

4 . 2  Speed Data by Road 

T h i s  s e c t i o n  d e s c r i b e s  i n  n:ore d e t a i l  t h e  speed  

d a t a  r e c e i v e d  f rom e a c h  r o a d .  The manner i n  which t h e  



d a t a  were combined and e x t r a p o l a t e d  i s  unique t o  each 

road  because  of  t h e  v a r i e t y  of  d a t a  r e c e i v e d .  For  each  

road  a  monthly p l o t  of c a r  and t r u c k  speeds  i s  a l s o  prc-  

s e n t e d .  

4 .2 .1  Kansas Speed Data .  Speed d a t a  f o r  t h e  

Kansas Turnpike  were f u r n i s h e d  by t h e  Kansas Highway 

P a t r o l ,  Turnpike  D i v i s i o n .  Xo speed su rveys  x s r e  con- 

duc ted  p r i o r  t o  November, 1973. S t a r t i n g  ir, .iovember, 

1973 a  t o t a l  of  105 s u r v e y s  were conducted ove r  t h e  

p e r i o d  end ing  December, 1974. For t h e  Kansas Turnpike  

t h e  l e g a l  speed  l i m i t  was 75 mph day and 70 mph n i g h t  

f o r  c a r s  and t r u c k s .  F i f t y - f i v e  became t h e  l e g a l  speed  

l i m i t  on March 6 ,  1974 i n  Kansas,  b u t  enforcement  d i d  

n o t  b e g i n  u n t i l  A p r i l  1. A s  of J u l y  1, 1973,  i t  becare  

l e g a l  on o t h e r  r o a d s  i n  Kansas f o r  t r u c k s  l i c e n s e d  f o r  

a  g r o s s  v e h i c l e  we igh t  of l e s s  t h a n  12 ,000  l b s .  t o  

obse rve  pas senge r  c a r  speed l i z i c s .  Thz p r e v i o u s  li3i.t 

was 8,000 l b s .  For pu rposes  of t h e  speed su rvey  t h e n ,  

o n l y  speeds  of t r u c k s  appea r ing  t o  weigh n o r e  t h a n  

12,000 l b s .  were r e c o r d e d .  Passenger  c a r s  w i t h  t r a i l e r s ,  

p ickup  t r u c k s , a n d  p a n e l  t r u c k s  were r eco rded  a s  c a r s .  

These s u r v e y s  were conducted  w i t h o u t  r e g a r d  t o  wea the r  

c o n d i t i o n s ,  d u r i n g  t h e  n i g h t ,  a s  w e l l  a s  t h e  d a y ,  on 

a l l  days  of  t h e  week, on n o s t  segments ,  on weekends a s  

well a s  weekdays,  and d u r i n g  a l l  o f  t h e  months i n  t h i s  

time p e r i o d  e s c e p t  Nay, 1974. I n  summary, t h e  s ~ e e d  

d a t a  o b t a i n e d  th rough  t h e  Kansas Turnpike  A u t h o r i t y  were 

f a r  more s u i t a b l e  f o r  t h i s  p r o j e c t  t han  those  o ~ t a i n e d  

from o t h e r  s t a t e s .  

These d a t a  were b u i l t  i n t o  a  f i l e  c o n t a i n i n g  mean 

s p e e d s ,  s t a n d a r d  d e v i a t i o n s ,  and number of observations 

for  c a r s  and t r u c k s  p l u s  t h e  i n f o r m a t i o n  a v a i l a b l e  



defining the time and location of the survey. Normally 

100-200 cars would be observed in each survey along with 

the trucks (20-40) which passed during that time period. 

In general, the number of observations decreased during 

periods of reduced volumes indicating some constraint 

on the period of observation also. 

This file was then used to evaluate several 

factors in relation to the mean speeds. No significant 

differences (either statistical or practical) in mean 

speed were found across the segments of the road. How- 

ever, monthly variations were significant and these were 

retained. Msan speeds and standard deviations were 

computed for each month by co,nbining the data from the 

separate surveys. The mean speeds were weighted by the 

sample size and a pooled variance was calculated. 
,-.$. * .  

Variations in mean speed by time of day and day of week 

were also evaluated. Time of day was coded as either 

day or night, and day of the week was grouped into week 

days and weekend days. The differences in mean speeds 

were generally less than 1 mph. One exception was the 

day/night difference for cars which was 1.5 mph. Al- 

though some of these differences were statistically 

significant, they were judged not to be of practical 

significance. 

Speed surveys from Kansas Interstate rural high- 

ways were used to represent passenger car speeds on the 

turnpike during the first ten months of 1973. These 

surveys were conducted during the months of July and 

August.usinc~ concealed radar squipn~ent; by the Planning 

and Development Department of th2 State Highway Conmission. 

Ho~~ever, truck speeds fronl these surveys were not approp- 

riate for the turnpike because the daytime speed limit 



on the interstate for trucks was 60 mph. As a last re- 

sort, a member of the Kansas Highway Patrol Turnpike 

Division was persuaded to estimate the average daytime 

speed for trucks prior to the energy crisis. His esti- 

mate was 65 mph and a 10% standard deviation was 

assumed. It was his impression that the relatively high 

speed limit on the turnpike resulted in a some dispersion 

of truck speeds. The mean speeds for cars and trucks 

are shown graphically by month in Figure 4.1. The con- 

necting lines indicate the interpolation which was done. 

The appropriate data from the interstate surveys is also 

shown for comparison. 

4.2.2 Maine Speed Data. Speed data for the Maine 

Turnpike were obtained from the Maine Department of 

Transportation. A total of 26 surveys were taken at 

three locations. Approximateiy 200 cars and 20-50 

trucks were observed in each survey. Sxrveys were con- 

ducted in October of each year plus June and August of 

1974. Speed limits prior to the energy crisis were 70 

mph for cars and 55 mph for trucks. Fifty-five became 

the legal speed limit in March, 1974. In the surveys, 

truck spee6s-,?ere obtained for mostly combination units 

with some single units with dual tires. Speeds in Maine 

are shown by month in Figure 4.2. There is considerable 

fluctuation in truck speeds. Conversations with the 

Maine State Police Troop assigned to the Turnpike re- 

vealed a high usage of CB radios by truckers. Trucks 

were often able to drive 65 mph without interference. 

In spite of the variations shown, spseds for each month 

were estimated by interpolating between the available 

data points. 







4 . 2 . 3  New York Speed Da ta .  Speed d a t a  f o r  t h e  

New York thruway were o b t a i n e d  from t h e  Thruway 

A u t h o r i t y .  These s u r v e y s  were t a k e n  a t  f o u r  l o c a t i o n s  

s p r e a d  o v e r  t h e  l e n g t h  of  t h e  r o a d  by s t a t e  t r o o p e r s  i n  

a c o n c e a l e d  pa rked  c a r  u s i n g  r a d a r  u n i t s .  S u r v e y s  were  

conduc ted  a t  e z c h  c f  t h e  f o u r  s i t e s  i n  J u n e ,  J u l y ,  and 

December, 1973 and J a n u a r y ,  A p r i l ,  and Augus t ,  1974.  

The re  were a  t o t a l  o f  33 s u r v e y s ,  e a c h  i n v o l v i n g  500- 

600  c a r s  and 100-200 t r u c k s .  

I n  r e s p o n s e  t o  t h e  P r e s i d e n t ' s  r e q u e s t ,  t h e  l e g a l  

speed  l i m i t  i n  N e w  York became 50 mph on November 1 2 ,  

1973 .  The l i m i t  was r a i s e d  t o  55 mph i n  J a n u a r y  i n  

r e s p o n s e  t o  t h e  F e d e r a l  Emergency Highway Energy Con- 

s e r v a t i o n  Ac t  which was s i g n e d  on J a n u a r y  2 ,  1974.  P r i o r  

t o  t h e s e  changes  t h e  l e g a l  speed  l i m i t s  on t h e  New York 

Thruway were  65 mph f o r  c a r s  and 55 f o r  t r u c k s .  The 

t r u c k  speed  l i r , i ' c  a p p l i e ?  t o  c o ~ b i n a t i c n  u n i t s  and 

mob i l e  homes. 

The speed  d a t a  from N e w  York a r e  p l o t t e d  by month 

i n  F i g u r e  4 .3 .  A l so  i n c l u d e d  a r e  t h e  r e s u l t s  o f  su rve l i s  

conduc ted  i n  May, 1975.  Of i n t e r e s t  i s  t h e  s t e a d y  

growth i n  s p e e d s  b e g i n n i n g  i n  e a r l y  1974.  Speed f o r  t h e  

months w i t h o u t  s u r v e y s  i n  1974 were  e s t i m a t e d  by i n t e r -  

p o l a t i n g  a l o n g  t h e  s o l i d  l i n e  shown. Some s p e e d s  F.2as- 

u r e d  on New York i n t e r s t a t e  highways a r e  a l s o  shown 

f o r  compar i son .  

4 . 2 . 4  Ohio Speed Data .  Speed d a t a  f o r  t h e  Ohio 

Turnp ike  were  f u r n i s h e d  by t h e  Turnp ike  Commission. 

These d a t a  were c o l l e c t e c i  i n  Novenbsr of 1372 ,  1373 ,  

and 1974 a t  e a c h  of f o u r  l o c a t i o n s  on t h e  T u r n p i k c .  

Speeds  were  r e c o r d e d  s e p a r a t e l y  f o r  c a r  and t r u c k  by 

d i r e c t i o n .  The d a t a  were c o l l e c t e d  on weekdays d u r i n g  





the mid-morning and mid-afternoon under good weather 

and dry pavement conditions. All of the speed checks 

were performed using a speed meter from an overhead 

structure, with the meter powered by a storage battery. 

No turnpike vehicle was parked at the site. 

November is not an optimum month for speed data 

since the 1973 surveys fall in the transition period of 

the energy crisis. At this time the oil embargo had 

begun and a voluntary 50 mph speed limit had been called 

for. Legal speed limits had not changed. For these 

reasons the November, 1972 speed survey was felt to be 

more representative of conditions during the first ten 

months of 1973. The November, 1973 survey was used to 

characterize the transition period from Novenber, 1973 

through February, 1974. On March 2, 1974, 55 mph be- 

came the legal speed limit in Ohio. The November, 1974 

survey was used for the remainder of 1974. 

It seemed likely that speeds for the months 

immediately following imposition of the 55 mph limit 

would be a little lower than in November, 1974 when fuel 

shortages had subsided. Speed data from Interstate 

Roads in Ohio were available for the July-August period 

of 1972, 1973, and 1974. These speed data are compared 

with the Turnpike Data in the Figure 4.4. Prior to the 

energy crisis the Interstate speeds are about 4 mph be- 

low the Turnpike. After the energy crisis the Inter- 

state speeds are about 3 mph below those on the Turnpike. 

The consistency of this difference does not support the 

premiss that Turnpike speeds were significantly lower in 

July and August of 1974 than indicated by the survey 

conducted in Novsnber, 1974. 
. . 





For t h e  i n i t i a l  c o n s t r u c t i o n  of  t h e  a n a l y s i s  f i l e ,  

t h e  t u r n p i k e  was d i v i d e d  i n t o  16 segments  d e f i n e d  by t h e  

i n t e r c h a n g e s .  The d a t a  f o r  e a s t  and westbound t r a f f i c  

were t a b u l a t e d  s e p a r a t e l y  f o r  e a c h  segment.  The speed  

su rveys  were conducted  i n  f o u r  of  t h e  16 segments  ( 3 ,  5 ,  

8 ,  and 1 4 ) .  The speed  s u r v e y s  were somewhat a r b i t r a r i l y  

assumed t o  be r e p r e s e n t a t i v e  of t h e  a d j a c e n t  segments  

i n  t h e  f o l l o w i n g  g roup ings :  1 - 3 ,  4 - 7 ,  8-11, and 12-16. 

I t  was observed  t h a t  t h e  v a r i a t i o n s  i n  t r a f f i c  volume 

approx ima te ly  fo l lowed  t h e s e  g roup ings .  

4 .2 .5  Pennsy lvan ia  Speed Data .  The o n l y  speed  

d a t a  a v a i l a b l e  f o r  t h e  Pennsylvannia  Turnpike  were from 

a s i n g l e  s t a t i o n  which was o p e r a t e d  f o r  one day i n  

August of each  y e a r .  Mean speeds  o b t a i n e d  fro?, t h i s  

s t a t i o n  were p r e s e n t e d  i n  t h e  summary of speeds  t a b l e  

i n  S e c t i o n  2 .  The l e g a l  speed l i m i t  on t h i s  road  p r i o r  

t o  t h e  energy  c r i s i s  was 6 5  mph f o r  c a r s  an?, 55  fcr  

t r u c k s .  



5.0 TRAFFIC 

5.1 Toll Classes 

The basic traffic data from all turnpikes were 

obtained in the form of either origin-destination or 

"density" reports. The latter form is actually a tabu- 

lation of volume by segment. In either case, the data 

were obtained by month over the two year period. The 

methods which were used to represent daily and hourly 

patterns are discussed in A?pendis B. 

All turnpikes using the ticket method of toll, 

structure the collection and thus the traffic data, on 

the basis of toll class roughly defining vehicle sizs. 

The data were obtained for each toll class for New York, 

Ohio, and Pennsylvania, and all three turnpikes define 

nine toll classes. The traffic data for Kansas and 

Maine were obtained already collapsed into a dichotomy 

of cars and all trucks. 

Although toll data provide a precise census of 

travel, its use as a measure of exposure for accident 

research on specific types of vehicles is not without 

problems. Agencies which collect and maintain accident 

data on these roads do not identify vehicles by toll 

class. Accident files universally identify vehicles 

by classification such 3s passsnger car, truck (single 

unit), tractor-semi, truck-trailer, or by similar such 

characterizations. Toll classes on the other hand, are 

defined by weight (as in Ohio and Pennsylvania), asle 

count (as in Indiana) , etc. 



The New York Thruway uses a very complex 

classification based on both the number of axles and the 

specific vehicle configuration. Thirty-six specific 

configurations are defined in the toll schedule. In 

addition, double bottoms are given two tickets, one for 

class five and a second which depends on the combination 

of units making up the double bottom. 

The vehicle types coded in accident data do not 

all correspond uniquely to specific toll classes. The 

three-level vehicle categorization used in this study 

(passenger cars, tractor-trailer combinations, single 

unit trucks) present such a problem. In particular, 

single unit trucks may be in a toll class with passenger 

cars, or if heavily loaded they could be in a class with 

empty tractor-trailers. Fortunately, the vast majority 

of the traffic on the toll roads is comprised of passenger 

cars and tractor-trailers. Errors from contamination 

of the passenger car classes and tractor-trailer classes 

by small trucks can be minimized by examining the dis- 

tribution of classes for low frequency classes repre- 

senting light trucks. 

The distribution of travel by toll class for the 

toll roads in Ohio, New York, and Pennsylvania are shown 

in Figures 5.1 to 5.3. The preponderance of passenger 

cars in class 1 compared to other toll classes is evident 

on all three roads and even masks variations between the 

other classes. Eecause of this, the same information 

is presented in Figures 5.4 to 5.6 with classes occupied 

predominately by passenger cars excluded. Class 3 in 

Ohio contains vehicles of gross weight from 16,001- 

23,000 lb., tiit\ less than half the travel of the nest 

heavier class. Since most single unit trucks are 

lighter than the vehicles of class 4, class 3 is assumed 
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FIGURE 5 . 3  

PENNSYLVANIA TURNPIKE 
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FIGURE 5 . 4  

O H I O  TURNPIKE 
VEHICLE MILES BY TOLL CAiSS 
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FIGURE 5 . 5  

NEW YORK THRUKAY 
VEHICLE MILES SY TOLL CLASS 

PASSENGER CARS EXCLUDED 
1 9 7 3 - 1 9 7 4  
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F I G U R E  5 . 6  

PENNSYLVANIA TURNPIKE 
VEHICLE NILES BY TOLL CLASS 

PASSENGER CARS EXCLUDED 
1 9 7 3 - 1 9 7 4  



t o  c o n t a i n  t h o s e  s i n g l e  u n i t  t r u c k s  n o t  i n  c l a s s  2 ,  

and some l i g h t l y  l oaded  o r  empty t r a c t o r  t r a i l e r s .  The 

g roup ing  o f  t o l l  c l a s s e s  i n  Ohio used i n  t h e  s t u d y  i s  

p a s s e n g e r  c a r s  ( w i t h  o r  w i t h o u t  a  t r a i l e r )  - c l a s s  1 ;  

l a r g e  t r u c k s ,  c l a s s e s  4 -9  p l u s  t w o - t h i r d s  of c l a s s  3 ;  

s i n g l e  u n i t  t r u c k s  and o t h e r  m i s c e l l a n e o u s  v e h i c l e s  - 
c l a s s  2 and o n e - t h i r d  of  c l a s s  3 .  

The t o l l  c l a s s e s  i n  New York a r e  much more complex 

t h a n  t h o s e  based  s o l e l y  on w e i g h t .  F i g u r e  5 . 5  i n d i c a t e s  

t h a t  c l a s s  7 a c c o u n t s  f o r  most t r u c k  t r a f f i c .  T h i s  

c l a s s  i n c l u d e s ,  among o t h e r s ,  t r a c t o r - t r a i l e r s  w i t h  

f o u r  o r  more a x l e s  and a  s i n g l e  t r a i l e r .  However, t h e r e  

i s  no c l e a r  d i v i s i o n  between a l l  c o n b i n a t i o n  u n i t s  and  

s i n g l e  u n i t s .  D i s c u s s i o n  w i t h  p e r s o n n e l  of t h e  Thruway 

A u t h o r i t y  l e a d  t o  t h e  f o l l o w i n g  g roup ing  f o r  New York: 

P a s s e n g e r  Ca r s  - C l a s s e s  0 ,  1 

S i n g l e  U n i t  T rucks /Othe r s  - C l a s s e s  2 ,  4 ,  6 ,  8 

Large  Trucks  - C l a s s  3 C l a s s  5 ,  Class 
2 I 2 

C l a s s e s  3 and 5 were d i v i d e d  by two because  o f  t h e  u s e  

of m u l t i p l e  t i c k e t s  f o r  a  s i n g l e  u s e r  i n  t h e s e  c l a s s e s .  

The t o l l  s t r u c t u r e  i n  Pennsy lvan ia  i s  s i m i l a r  t o  

t h a t  i n  Ohio e x c e p t  t h a t  c l a s s  4 b e g i n s  a t  19 ,000  l b s .  

r a t h e r  t h a n  a t  23,000 l b .  a s  i n  Ohio.  We assumed t h a t  

a l l  combina t ion  u n i t s  would be i n  c l a s s  4 - 9  t h e r e f o r e ,  

w i t h  a l l  s i n g l e  u n i t  t r u c k s  i n  c l a s s  3 .  C l a s s  2 (7 ,000-  

15 ,000  l b . )  c o u l d  c o n t a i n  l i g h t  s t r a i g h t  t r u c k s ,  b u t  

would a l s o  c o n t a i n  many p a s s e n g e r  c a r s  w i t h  t r a i l e r s  

and was t h e r e f o r e  i n c l u d e d  w i t h  pas senge r  c a r s .  S i n c e  

c l a s s  2 i s  o r i l y  fccr  ~ c r c e : : t  2s  g r z a t  3 s  c l a s s  1, t h e  s r . a l l  
number of  t r u c k s  i n  c l ~ s s  2 r e s u l t s  i n  o n l y  a s m a l l  

error i n  t h e  computed p a s s e n g e r  car  t r a v s l .  



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

t h e  t r a v e l  by v e h i c l e  c a n  be o b t a i n e d .  The r e s u l t i n g  

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

F i g u r e s  5 .7  t h r o u g h  5 . 1 1  f o r  t h e  f i v e  t o l l  r o a d s .  The 
5 f i g u r e s  a t  t h e  t o p  o f  e a c h  column a r e  10 v e h i c l e  miles 

o f  t r a v e l  i n  1973  and 1974 combined. The d i s t r i b u t i o n s  

are l i s t e d  

5.2 R e s u l t s  

T a b l e  

P a s s e n g e r  c a r  t r a v e l  on t h e  t o l l  r o a d s  was l o w e r ,  

as  e x p e c t e d ,  i n  1974 .  However, t h e  l a r g e  t r u c k  t r a v e l  

changed v e r y  l i t t l e .  The t r a v e l  o f  t h e s e  two t y p e s  o f  

v e h i c l e s  a r e  shown i n  F i g u r e s  5 .12-5.16 by month f o r  

e a c h  t o l l  r o a d .  The f i g u r e s  a r e  v e r y  s i m i l a r  f o r  a l l  

f i v e  r o a d s .  The c a r  t r a f f i c  shows t h e  t y p i c a l  summer 

peak o f  r e c r e a t i o n a l  t r a v e l ,  w i t h  n e a r l y  t h r e e  t i m e s  a s  

much t r a v e l  i n  August  a s  i n  J a n u a r y  on t h e  Ohio T u r n p i k e .  

The r e d u c t i o n  i n  c a r  t r a v e l  i n  1974 i s  n e a r l y  u n i f o r s  

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

December which h a s  more t r a v e l  i n  1974 .  T h i s  r e v e r s a l  

i n  December i s  p a r t l y  t h e  r e s u l t  o f  t h e  o n s e t  o f  t h e  

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

t r a v e l  i n  December 1973 .  The c u r v e s  r e p r e s e n t i n g  l a r g e  

t r u c k  t r a v e l  a r e  n o t e w o r t h y .  The t r u c k  t r a v e l  i s  n e a r l y  

u n i f o r m  t h r o u g h o u t  t h e  y e a r ,  and c h a n g e s  v e q  l i t t l e  from 

1 9 7 3  t o  1974.  F u r t h e r m o r e  t h e  s m a l l  v a r i a t i o n s  f rom 

month-to-month which migh t  a p p e a r  t o  r e p r ~ s e n t  a random 

component a r e  a l s o  d u p l i c a t e d  i n  b o t h  y s a r s .  T h i s  i s  

p a r t i c u l a r l y  a p p a r e n t  i n  Oh io ,  N e w  York,  and P e n n s l ~ l v a n i a .  

The r e d u c t i o n  i n  t r a v e l  i n  per-csnt art .  ~ i v t ' i l  i n  

T a b l e  5 . 2  by month f o r  p a s s 2 n g c r  c a r s  and i n  T a b l e  5 . 3  

f o r  l a r g e  t r u c k s .  The r e s u l t s  f o r  p a s s e n g e r  c a r s  ( T a b l e  

5.2) a r e  p l o t t e d  i n  F i g u r e  5 .17 .  T h i s  f i g u r e  a l s o  



FIGURE 5 . 7  

KANSAS TURNPIKE 
VEHICLE MILES BY VEHICLE TYPE 



F I G U R E  5 . 8  

MAINE TURNPIKE 
VEHICLE MILES BY VEHICLE TYPE 

1 9 7 3 - 1 9 7 4  



F I G U R E  5 . 9  

NEW YORK THRUWAY 
VEHICLE MILES BY VEHICLE TYPE 

INDICATING CONTRIBUTION BY TOLL CLASS 
1973 -1974  
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FIGURE 5 . 1 0  

OHIO TURNPIKE 
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TABLE 5.1 

RELATIVE TOLL ROAD TRAVEL BY 
TYPE OF VEHICLE 1973-1974 

Toll Road 
Pro~ortion of travel ir ~ercent 

Passenger Straight Trucks Large 
Cars Others Trucks* 

Kansas 

Maine 

Ohio 

New York 

Pennsylvania 

*All trucks was included as one group in the 
data for Kansas and Jlaine. 
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TABLE 5 . 2  

REDUCTION OF PASSEljGER CAR \ I E H I C L E  MILES IN 1574 
COMPARED NITH 1 973 BY IlOi4TH 

Reductions in Percent 

January 
February 
March 
Apri 1 
C ~ Y  
June 
July 
August 
September 
October 
November 
December 

Month  

Note: A negative sign indicates  an increase in 1974 

T o l l  Road 
Kansas Maine New York Ohio Pennsylvania 



TABLE 5 . 3  

REDUCTION OF LARGE TRUCK V E H I C L E  M I L E S  1Pl 1974 
COMPARED WITH 3 973 BY MO;4TH 

Reduction i n  Percent 

January 
February 
March 
Apri 1 
May 
June 
Ju ly  
A u j i l s t  
September 
October 
November 
December 

Month 

Note: A negative sign ind ica t e s  an increase  i n  1974 

Toll Road 

~ a n s a ;  Maine* Rew York Ohio Pennsylvania 

* 
The t r u c k  f i q u r e s  f o r  >!sine a n d  K a n s a s  i n c l u d e  
a l l  t r u c k s ,  most O F  w h i c h  a r e  l a r g e .  





indicates very similar patterns for all five roads with 

duplication of month-to-month variations. 

The annual travel for each road each year is 

given in Table 5.4. Figures are given for the full 

year, and for the first ten months of 1973 and 1973. 

The ten-month figures provide the basis for computation 

of involvement rates in Section 7. 



TABLE 5 . 4  

VEHICLE MILES IN 1973 A N D  1974 BY V E H I C L E  TYPE 

Travel in  Million Vehicle Niles 

I Toll  Road 
--- - 

X * I Kansas Maine Elevr Yorh Ohio Pennsylvania 

TWELVE I4OMTH iJac. - Dec. J I 
1973 

Passenger Car 
Large Truck 

Percent Reduction 
Passenger Cars 
Large Trucks 

421.3 408.2 3241.1 1185.8 2233.2 
105.5 58.4 355.2 371.4 408.1 

1974 
Passenger Car 
Large Truck 

TEN MONTH (Jan. - act. ) I 

354.1 372.7 2011.5 1048.8 1994.7 
100.0 56.6 344.7 386.3 413.9 

1974 
Passenger Car 
Large Truck 

1973 
Passenger Car 
Large Truck 

Percent Reduction 
Passenger Cars 
Large Trucks 

356.1 358.0 2062.5 1035.1 1920.6 
89.4 49.1 299.6 314.3  341.6 

*The t r u c k  f i g u r e s  f o r  !lsil:e and Kansas i n c l u d c  211 
t r u c k s ,  most of which  a r e  l a rge .  



6. ACCIDENTS 

6.1 Data Processing 

Accident data for each road were obtained magnetic 

tape or punched cards from the tollroad authority or statewide 

accident data center. Documentation explaining the format 

and meaning of the.data was also provided and used to 

create an OSIRIS (4) type dictionary and data file. All 

variables from the original data were retained for up 

to seven vehicles per accident. Any necessary recoding 

of missing data or alphabetic characters was also done 

at this time. Then selected variables were read into 

MIDAS (5) and used to determine the location, time, and 

classification of the accidents as explained below. 

All accidents that occurred off the mainline of 

the toll road were excluded. Nost of these accidents 

occurred at toll plazas or ramps, with some at service 

plazas or other sites unique to toll roads. Acciderits 

occurring at overpasses or underpasses on the mainline 

were included if they were on the toll road. Pedestrian 

and pedal.qcle accidents on the mainline were also 

deleted at this point in the analysis.. All accide~ts on 

the mainline were assigned to the appropriate road seg- 

ment by the use of milepost or equivalent information. 

When it was included in the accident, the direction of 

the lane of the accident was also preserved. 

( 4 )  OSIRIS 111; Vol. 1-System and Proqram Description 
Institute for Social Research, The University of Michigan, 
1973 Library of Con~ress Card Number 73.620113. 

( 5 )  Daniel Fox and Kenneth Guire , Documentation for .hlID.\S, 
Michigan 1nteract.ive Data Anlysis Systcm, T!le Statistical 
Research Laboratory, The University of Michigan, Ann Arbor, 
Sept. 1973. 



The major data processing tasks in determining 

the number of involvements for analysis consisted of 

the following: 

(1) Recoding vehicle type into passenger car, 

large truck, other (straight trucks, buses, 

etc. ) 

(2) determining which multi-vehicle crashes would 

be represented by the interaction model, and 

which would not. 

(3) identification of the striking (overtaking) 

and struck (overtaken) vehicle in crashes 

used in the model. 

Determination of class of vehicle type is straightforward 

from the original coding in each data set. Accidents 

involving straight trucks were not considered for the 

analysis by accident configuration, but the number of 

cars involved in these sane crashes were preserved for 

later inclusion in overall involvement rates for cars 

independent of collision configuration. Straight trucks 

were not separated for Kansas or Maine. For these two 

roads the resulting vehicle classes are (1) cars, and 

(2) all trucks. 

Determination of which crashes are suitable for 

representation by the interaction model was not straight- 

forward. These crashes are those that involve movl~g 

vehicles traveling in the same direction, and involved 

in rear-end or sideswipe crashes. The remaining nulti- 

vehicle crashes included stopped or parked vehicles, 

median crossings (opposite direction), crashss involv- 

ing a backing 1-ehicle, etc. The stoppcd ~~t.hic1t.s rniikt? 

up the majoritl- of cases in the "non-nlodt71cd" group. 

Although they are not identified and described uniformly 

in the separate data sets, they appear to result from 

disabled vehicles and vehicles involved in previous 

accidents. Identification of the "non-modeled" accidents 



was only possible for Ohio, New York, and Pennsylvania. 

On all three data sets, a number of variables were 

examined to make the identification. These included 

variables such as collision or involvement type, 

directional anlysis, driver action, object struck, and 

causal actions. 

Identification of the striking and struck vehicles 

is not explicitly given in any of the original data sets. 

It was not possible in the case of Maine. In the other 

data sets a determination was possible by again examining 

a number of related variables. The specific variables 

and logic required varied from road to road, but the 

method wzs generally analogous to that used for identifying 

which crashes were represented by the model. 

6.2 Involvements 

The total number of accidents on each toll road 

are shown in Table 6.1. All accidents on the mainline 

except pedestrian and peedcycle cases are included, 

regardless of the nuder and type of vehicles involved 

or the collision configuration. The results are for 

twelve months and are presented for calculation 

of total accident rates. Although the study presented 

here is based primarily on involvements, the gross 

: accident results are given simply because they are a 

typical way of giving a brief over-view, and might be 

useful for comparison with other reports. The total 

number of accidents on the five roads went down by 33 

percent in 1974 compared to 1973, a very substzntial 

reduction. 

6.3 Collision Confiauration 

The nunlber of vshicles involved in crashes is 

shown by vehicle type in Tables 6.2-6.6 for the two 



TABLE 6.1 

Kansas 

Maine 

Ohio 

New York 

Pennsylvania 

T o t a l  

TOTAL ACCIDENTS ON 

FIVE TOLL ROADS 

Number of accidents 

in twelve months 



TABLE 6 . 2  

KANSAS T U R N P I K E  

INVOLVEElENTS B Y  C O L L I S I O N  T Y P E  
Ten M o n t h s  ( J an .  -0c t .  ) 

Co1 1 i si on T y p e  /o 

R e d u c t i o n  

SINGLE V E H I C L E  INVOLVEt l iENTS 
C a r s  328 166 4 9 
Trucks 102 111 -9 

Tb!O V E H I C L E  I?!VO?V E?!EMTE 
C a r s  21 8 9 4 5 7 
Trucks 8 0 5 8 28 

T O T A L  I NVOLVEI'lENTS 
C a r s  
Trucks 

Note: The truck figures for Kansas include 
all trucks, most of which are large. 



TABLE 6 . 3  

M A I N E  T U R N P I K E  

I N V O L V E M E t i T S  BY  C O L L I S I O ? i  T Y P E  
T e n  Months (Jan. - k t .  ) 

Collision Type 

SINGLE V E H I C L E  INVOLVE!4ENTS 
Cars  244 173 29 
Trucks 8 2 51 3 8 

TWO V E H I C L E  IPIVOLVEF'iENTS 
Cars 230 141 3 9 
'l'rUCks 7 2 5 5 2 4 

T O T A L  I N V O L V E M E N T S  
Cars  
Trucks 

Note: The t r u c k  f i g u r e s  f o r  N a i n e  i n c l u d e  
a l l  t r u c k s ,  most of w h i c h  a r e  l a r g e .  



TABLE 6 . 4  

O H I O  T U R N P I K E  

1NVOLVEWEf ;TS  BY C O L L I S I O N  T Y P E  
Ten Months ( Jan .  -0c t .  ) 

0: 

Col l i s ion  Type i0 

Reduction 
- 

SINGLE V E H I C L E  IN ' iOL ' JENEFITS  
Cars 680 401 4 1 
Large Trucks 172 194 -1 3 

TWO V E H I C L E  !N'lOLVEl?1ENTS 
Cars 528 321 3 9 
Large Trucks 201 156 2 2 

T O T A L  INVOLVEt? lENTS 
Cars 1208 722 40 
Large Trucks 373 350 6 



TABLE 6 . 5  

NEW YORK THRUWAY 

I N V O L V E I ~ l E t i T S  BY C O L L I S I O N  T Y P E  
Ten Months (Jan.  -0c t .  ) 

C o l l i s i o n  Type lo 

Reduc t i on  

SINGLE V E H I C L E  I N V O L V E I ~ I E N T S  
Cars 1473 968 34 
La rge  Trucks  234 197 16 

TWO V E H I C L E  I NVCI!.VE\!E!lTS 
Cars 923 638 3 1 
Large Trucks  186 141 2 4 

TOTAL I N V O L V i l l l E N T S  
Cars 2396 1606 33 
Large Trucks  420 338 20 



TABLE 6 . 6  

PENNSYLVANIA TURNPI Ki 

INVOLVEMENTS BY COLLISION TYPE 
Ten Months (Jan. - 0 c t .  ) 

C o l l i s i o n  Type /s 

Reduction 

SINGLE VEHICLE III'iOLVEbliPiTS 
Cars  1649 758 5 4 
Large Trucks 141 154 - 9 

TWO VEHICLE I!iVOLVEPIENTS 
Cars 1572 646 5 9 
Large Trucks 33 6 222 34 

TOTAL INVOLVEbIENTS 
Cars 3221 1404 5 6 
Large Trucks 477 376 2 1 



ten-month comparison periods. The two vehicle types 

included in these tables and all others to follow in this 

section are cars and large trucks except for Kansas and 

Maine. In the latter two states all truck sizes are 

grouped together and thus included in the tables. The 

involvements in two-vehicle crashes given in tables 

6.2-6.6 for cars and large trucks include all such 

involvements regardless of the type of the "other 

vehicle". Thus, the involvements for cars includes their 

involvements with straight trucks. 

The involvements of cars \:ere reduced by 33-56 

percent on the five roads, while the involvements of 

large trucks were reduced by 6 to 33 percent. The re- 

duction of invo1veinent.s of cars was approximately the 

same in both single and multi-vehicle crashes. 

The involvements in multi-vehicle accidents by 

collision configuration are given in Tables 6.7 and 6.8 

for cars and large trucks. Table 6.7 gives the involvements 

which are used with the interaction model, while Table 

6.8 gives the much srcaller number of crashes which do 

not "fit" the model. The figures given are the number 

of involvements (or vehicles), and thus twice the number 

of accidents. The convention used for the denoting of 

the configurations!lere and subsequently in the report is: 

C-C -- car into car 
C-T -- car into larqe truck 
T-C -- large truck into car -- 
T-T -- large truck into large truck 

car an3 larqe truck i\.ithout identification 



TABLE 6.7 

TWO-VEHICLE IKVOLVE?.iEKTS: 

MOVING VEHICLE, SMIE D I R E C T I O N  COLLISIONS 

JAN.  -0CT. 

* Number of I n v ~ z ~ l ~ ~ e n e n t s  ( v e h i c l e s )  
Kansas Maine Ohio New York P e n n s y l v a n i a  

1973  

#C - C 164 174  308 560 814 
C - T 70 - 111 l i 5  214 
C/T - 1 1 2  - - - 
T - C  38 - 111 97 184 
T - T  26 1 6  70 52 50 

1974 

#C - C 62 1 0 0  1 7  1 382 2 9 2  
C  - T 38 - 54 1 0 1  1 1 6  
C/T - 82 - - - 
T - C 26 - 142 8 1  116  
T - T  26 1 4  50 24 4 8 

* 
The t r u c k  f i g u r e s  for ?Ia ine  a n d  Kansas  i n c l u d e  
a l l  t r u c k s ,  n o s t  of which a r e  l a r g e .  



TABLE 6.8 

C - C  

C  - T 
T - C  

T - T  

1974 - 
C - C  

C  - T  

T - C  

T - T  

TWO-VEHICLE INVOLVEMENTS: 

NOT SAME DIRECTION ACCIDENTS 

OR ONE VEHICLE STOPPED 

J A N .  - 0CT .  

Number of Involvements (vehicles) 

Ohio New York Pennsylvania 



C a s u a l t i e s  i n  t h e  two y e a r s ,  o r  c a s u a l t y  r a t e s ,  a r e  

of i n t e r e s t  f o r  two r e a s o n s .  C a s u a l t y  r a t e s  s e r v e s  a s  a  

s u r r o g a t e  f o r  a c c i d e n t  s e v e r i t y  and migh t  be  an i n d i c a t o r  

t h e  change s e v e r i t y  w i t h  t r a v e l  s p e e d .  Fu r the rmore  

c a s u a l t i e s ,  p a r t i c u l a r l y  f a t a l i t i e s ,  a r e  of  paramount  i n t e r e s t  

i n  t hemse lves .  

C a s u a l t i e s  and f a t a l i t i e s  a r e  t a b u l a t e d  f o r  e a c h  e n t i r e  

y e a r  i n  Tab le  6 . 9 .  The f i g u r e s  g i v e n  f o r  c a s u a l t i e s  i n c l ~ d e  

t h e  number i n j u r e d  snd  k i l l e d  i n  m a i n l i n e ,  n o n - p e d e s t r i a n  

a c c i d e n t s  r e g a r d l e s s  of  t h e  s e v e r i t y  of  i n j u r y .  The r e d u c t i o n  

c a s u a l  t i e s  s l i g h t l y  g r e a t e r  t h a n  t h e  change t h e  

number of a c c i d e n t s .  The a v e r a g e  number of  c a s u a l t i e s  p e r  

a c c i d e n t  f o r  t h e  f i v e  r o a d s  i s  down 6 . 6  p e r c e n t ,  and t h i s  

change i s  s i g n i f i c a n t  a t  t h e  0 . 0 2 5  l e v e l .  

The r e d u c t i o n  i n  t h e  number of  f a t a l i t i e s  i s  4 6 . 7  p e r c e n t ,  

a d r a m a t i c  d e c r e a s e .  The f a t a l i t y  r a t e  ( f a t a l i t i e s  p e r  a c c i -  

d e n t )  i s  down 19 .9  p e r c e n t  i n  1974.  T h i s  change i s  n o t  

s t a t i s t i c a l l y  s i g n i f i c a n t  however,  because  o f  t h e  s m a l l  number 

f a t a l i t i e s  t h e  f i v e  r o a d s .  

Al though t h e  n u d e r  of  f a t a l i t i e s  on t h e  f i v e  r o a d s  i s  

t o o  s m a l l  t o  a t t a c h  s t a t i s t i c a l  s i g n i f i c a n c e  t o  t h e  c h a n g e s ,  

t h e  r e d u c t i o n s  a r e  n o n e t h e l e s s  v e r y  i m p o r t a n t .  The r e d u c t i o n :  

f a t a l i t i e s  t h e s e  h igh-speed  " i n t e r -  

s t a t e s "  a r e  a b o u t  2 .7  t i m e s  a s  g r e a t  a s  t h e  r e d u c t i o n  n a t i o n -  * 
wide on a l l  r o a d s .  The r e d u c t i o n  on a l l  t u r n p i k e s  i n  1973 ,  

* 
The N a t i o n a l  S a f e t y  
and 1975 e z i t i o n s ,  
i n  1973 and 46,200 
S t a t i s t i c s  !!a:itb,iy 
Dec. 1974 ,  p u b l i s h ?  
Sa fe ty  A d m i n i s t r a t i  
f a t a l i t i e s  i n  1973 
f i g u r e s  i n d i c a t e  a 

C o u n c i l  i n  "Acc iden t  F a c t s " ,  1974 
~ i v c s  5 5 , 8 0 0  motor v ~ h i c l e  dea ths  
i:l 1374.  The N a t i o n a l " i 1 i g h ~ ~ ~ ~ y  F3t 
E s t i m a t e s  Based on E a r l y  R e p o r t s "  
d bl' t h e  N a t i o n a l  Hiqhway T r a f f i c  
cn  g i v e s  5 5 , 6 5 8  motor  v e h i c l e  traf 
and 46,078 i n  1974.  Both s e t s  o f  
r e d u c t i o n  o f  17 .2  p e r c e n t  i n  1 9 7 4 .  

f i c  



TABLE 6 -  9 

CASUALTIES ON TOLL ROADS 
TWELVE MONTHS 

- - 

~011 Road 
K a n s a s  Maine Ohio N e w  Y o r k  P e n n s y l v a n i a  T o t a l  

A c c i d e n t s  

5 7 2  1 6 0 3  2 9 1 8  3 5 4 8  9 3 4 0  1 9 7 3  6 9 9  

4 1 5  1 2 1 2  22  32 1 9 1 2  6 2 1 5  1 9 7 4  4 4 4  

2 4 . 4  2 3 . 5  4 6 . 1  3 3 . 5  ~ e d u c t i o n  ( % )  3 6 . 4  2 7 . 4  

C a s u a l  t ies  

3 0 7  9 1 3  1 1 8 4  1 7 6 5  4 6 2 7  1 9  7  3 4  5 8  

1 8 4  5 2 1  9 1 3  9  7  3 2 8 7 6  1 9 7 4  2 8 5  

4 0 . 1  4 2 . 9  2 2 . 9  4 4 . 9  3 7 . 8  ~ i e d u c t i o n  ( % )  3 7 . 8  

Fatali t i es  

1 0  1 5  46  46 1 3 7  1 9 7 3  20  

5 6  1 9  2 2  7  3  1 9 7 4  2 1  

6 0 . 0  5 8 . 9  5 2 . 2  4 6 . 7  ~ e d u c t i o n  ( % )  -5  5 0 . 0  



g i v e n  by t h e  N a t i o n a l  S a f e t y  C o u n c i l  ( A c c i d e n t  F a c t s ,  1975 

e d i t i o n )  i s  4 3 . 3  p e r c e n t ,  v e r y  c l o s e  t o  t h e  r e s u l t s  f o r  t h e  

f i v e  s t u d y  r o a d s .  T h i s  s u g g e s t s  t h a t  t h e  e x p e r i e n c e  on t h e s e  

f i v e  r o a d s  i s  t r u l y  r e p r e s e n t a t i v e  of  t h e  n a t i o n s '  t u r n p i k e s .  

The 1 9 . 9  p e r c e n t  r e d u c t i o n  i n  f a t a l i t y  r a t e  s u g g e s t s  t h a t  

t h e  a c c i d e n t s  i n  1974 were less  s e v e r e  t h a n  t h o s e  of  1973 .  The 

lower r educ t io r l  i n  t h e  c a s u a l t y  r a t e  ( 6 . 6  p e r c e n t )  i s  n o t  i n -  

c o n s i s t e n t  w i t h  t h i s  o b s e r v a t i o n .  C a s u a l t y  c o u n t s  i n c l u d e  

i n j u r i e s  of  a l l  s e v e r i t i e s  r e c o r d e d  by p o l i c e .  Nany a r e  v e r y  

minor  i n j u r y  such  a s  b r u i s e s ,  s t i f f n e s s ,  e t c . ,  which can  r e s u l t  

f rom even minor c o l l i s i o n s .  Even e l i m i n a t i o n  o f  a l l  t r u l y  

dange rous  c o l l i s i o n s  migh t  r e s u l t  i n  o n l y  a s m a l l  change  i n  t h e  

c a s u a l t y  r a t e .  

C a s u a l t y  r a t e  by t y p e  of  v e h i c l e  and invo lvemen t  i s  shown ' 

i n  T a b l e s  6 .10-6.14.  The m u l t i - v e h i c l e  a c c i d e n t s  shown i n c l u d e  

t h o s e  t h a t  " f i t "  t h e  model and t h o s e  t h a t  d o n ' t .  The r a t e s  

a r e  g i v e n  i n  i n j u r i e s  p e r  a c c i d e n t .  Ch i - squa re  c o n t i n g e n c y  

t a b l e s  ( 2 x 2 )  of  t h e  i n c i d e n c e  of  i r l j i l ry  p e r  a c c i d e n t  i n  1973 

compared w i t h  1974 i n d i c a t e  o n l y  two compar i sons  o u t  of  t h e  

t o t a l  of  25 on t h e  f i v e  r o a d s  a r e  s i g n i f i c a n t  a t  t h e  p=0.05  

l e v e l .  These two a r e  C/Lg. t r u c k  i n  Ohio w i t h  an 18 p e r c e n t  

r e d u c t i o n  i n  t h e  i n j u r y  r a t e ,  and Lg. t ruck /Lg .  t r u c k  i n  

Pennsy lvan ia  w i t h  an i n c r e a s e  of  9 9 . 6  p e r c e n t .  The r e a s o n  

t h a t  o n l y  t h e s e  two g roups  s h o u l d  b e  s i g n i f i c a n t  i s  n o t  a p p a r e n t .  

Even more p e r p l e x i n g  i s  t h e  f a c t  t h a t  t h e  changes  a r e  n o t  i n  a  

c o n s i s t e n t  d i r e c t i o n .  

The same d a t a  w i t h  a l l  f i v e  r o a d s  poo led  i s  shown i n  

T a b l e  6 .15 .  None of  t h e  compar i sons  i n  t h e  a g g r e g a t e  a r e  

s i g n i f i c a n t  o f  t h e  5 p e r c e n t  l e v e l .  The l a c k  o f  s i g n i f i c a n c e  

i s  p robab ly  b e c ~ u s s  of  mixed r s s u l t s  and i n s u f f i c i e n t  23t3 i i i t h  

which t o  examine s u b s e t s  of  t h e  ca sua l t ; .  e x p e r i e n c e .  



TABLE 6.10 

CASUALTIES IN ACCIDENTS BY COLLISION TYPE 
JAN. - OCT. 

KANSAS 

Act. Cas. R a t e  k c .  Cas. R a t e  - - - - -  
S i n g l e  Vehicle 

Car 
Truck 

Multi-Vehicle 

Note: The t r u c k  figures for Kansas include all 
trucks, most of which are l a rge .  



TABLE 6 .11  

CASUALTIES IN ACCIDENTS BY COLLISION TYPE 
JAN. - OCT. 

MAINE 

Act. Cas. Rate Acc. Cas. Rate - -  - - -  
S i n g l e  V e h i c l e  

Car 
Truck 

Multi-Vehicle 

Car/Car 87 59 0 . 6 7 8  5 0  3 3  0 . 6 6 0  
Car, /Truck 56 44 0 . 7 8 6  41 2 0  0 . 4 8 8  
Truck/Truck 8 6 0 . 7 5 0  7 3 0 . 4 2 9  

Note: The truck figures for Maine include all trucks, 
most of which are largs. 



TABLE 6 . 1 2  

CASUALTIES I N  ACCIDEKTS BY COLLISION TYPE 
J A N .  - OCT. 

NEW YORK 

1973 - 1 9 7 4  - 
Act. C a s .  Rate  ?.cc. Czs.  Rate - -  - - -  

Single V e h i c l e  

C a r  
L a r g e  T r u c k  

M u l t i - V e h i c l e  

C a r / C a r  3 6 4  2 6 9  0 . 7 3 9  2 4 2  1 7 0  0 . 7 0 2  
C a r / L g .  T r u c k  1 2 4  64 0 . 5 1 6  1 1 2  7 1  0 . 6 3 4  
Lg. T r u c k / L g .  T r u c k  3 1  1 2  0 , 3 8 7  1 7  7 0 . 4 1 2  * 



TABLE 6.13 

CASUALTIES IN ACCIDESTS CY COLLISION TYPE 
JAN. - OCT. 

OHIO 

1973 - 1974 - 
Act. Cas. P a t e  Acc.  Cas.  Q a t e  - -  - - -  

Single Vehicle 

Car 680 3 6 5  0.537 401 1 8 2  0.454 
Large Truck 172 5 6  0.326 194 64 0.330 

Multi-Vehicle 

Car/Car 2 5 4  1 5 3  0.602 9 4  5 2  0.553 
Car/Lg. Truck 121 1 1 0  0.909 106 5 3  0.500 
Lg. Truck/ Lg. Truck 40 3 9  0.975 25 20 0.800 



TABLE 6 . 1 4  

CASUALTIES I N  ACCIDEXTS BY COLLIS1G:i TYPE 
JAN. - OCT. 

PEKNSYLVANIA 

Act. Cas. Rate . k c .  C a s .  Rate - -  - - -  
S i n g l e  V e h i c l e  

C a r  
L a r g e  T r u c k  

M u l t i - V e h i c l e  

C a r /  C a r  604 4 1 8  0 . 6 9 2  2 2 2  1 5 2  0 . 7 3 0  
C a r / L g .  T r u c k  234  1 3 6  0 . 5 8 1  1 3 5  6 5  0 . 4 8 1  
Lg. Truck /Lg .  T r u c k  3 3  1 6  0 . 4 8 5  31 3 0  0 . 9 6 8  



TABLE 6 . 1 5  

CASUALTIES I N  ACCIDE?;TS BY C O L L I S I O N  TYPE 
J A N .  - OCT. 

FIVE TOLL ROADS 

Act. Cas. Rzte 
7 - Act. Cas. R a t e  - 7 

S i n g l e  V e h i c l e  

C a r  4 3 7 4  2 0 4 8  0 . 4 6 8  2 4 6 6  1 0 7 9  0 . 4 3 8  
L a r g e  T r u c k  7 3 1  2 6 1  0 . 3 5 7  7 0 2  2 4 2  0 . 3 4 2  

M u l t i - V e h i c l e  

C a r / C a r  1 3 9 1  9 4 7  0 . 6 8 1  6 3 9  4 4 4  0 . 6 9 5  
C a r / L g .  T r u c k  5 5 9  3 9 0  0 . 6 6 2  426 2 3 8  0 . 5 5 9  
Lg. Truck /Lg .  T r c c k  1 2 5  9 1  0 . 7 2 8  9 3  7 0  0 . 7 5 3  

Note: The t r u c k  f i g u r e s  f o r  Maine and Kanasa  i n c l u d e  
a l l  t r u c k s ,  m o s t  of w h i c h  a r e  l a r q e .  



7.0 ANALYSIS 3ESULTS 

I n  t h e  p r e v i o u s  t h r e e  s e c t i o n s  t h e  r e s u l t s  ob- 

t a i n e d  from s p e e d ,  t r a f f i c ,  and acc i i i en t  d a t a  iqere 

p r e s e n t e d .  In t h i s  s e c t i o n ,  r e s u l t s  which were 05- 

t a i n e d  from a  c o m b i ~ a t i o n  o f  t h e s e  d a t a  a r e  p r e s e n t e d .  

I n  S e c t i o n  7 . 1  a c c i d e n t  and involvement  r a t e s  a r e  p re -  

s e n t e d .  The obse rve2  and p r e d i c t e d  d i s t r i b u t i o n s  of  

two v e h i c l e  c o l l i s i o n s  a r e  shown i n  S e c t i o n  7 . 2 .  

7 .1  Involvement Rztes  

Table  7 .1  p r e s e n t s  t o t a l  m a i n l i n e  a c c i d e n t s  by 

y e a r  on t h e  segments of  t h e  roads  s t u d i e 6  s x c l u d i n g  

p e d e s t r i a n  a c c i d e n t s .  These a c c i d e n t s  a r e  d i v i d e d  by 

t h e  t o t a l  v e h i c l e  c ~ i l e a g e  i n  100 m i l l i o n  v e h i c l e  m i l e s  

t o  g e t  an o v e r a l l  a c c i d e n t  r a t s  f o r  each  road .  Re- 

d u c t i o n s  i n  p e r c e n t  a r e  shown f o r  each  road i n  a d d i t i o n  

t o  t h e  a g g r e g a t e .  S u b s t a n t i a l  r e d u c t i o n s  (12 .6% - 
4 0 . 9 % )  a r e  shown on a11 roads .  

Table  7 . 2  and 7 . 3  show involvement  r a t e s  f o r  

cars and l a r g e  t r u c k s  f o r  each road.  I n  Table  7 .2  

t h e s e  a r e  computed f o r  t h e  twelve month p e r i o d s  

whereas Table  7 . 3  p r e s e n t s  t h e  same i n f o r m a t i o n  based  

on t h e  t e n  month p e r i o d s .  P e r c e n t  r e d u c t i o n s  a r e  shown 

f o r  n i l t . ~ ~ e ,  i nvo l~ t . r ; l en t s ,  an,? t h s  i n v o l ~ e m e n t  r a t e .  

The f a c t  t h ~ t  i n ~ ~ o l ~ e r ? ~ t . n t  r ~ t e s  a r c  subs  t a n t i a l l ) ?  down 

i n d i c a t e s  t h a t  t h e  r e d u c t i o n  i n  v e h i c l s  m i l e s  does  n o t  

comple te ly  e x p l a i n  t h e  observed  d e c r e a s e  i n  involvements .  



TABLE 7.1 

ACCIDENT RtlTE 
ACCIDENTS PER 100 PI ILLION VEIIICLE XILES 

ALL TYPES OF VEIIICLES - 12 ElONTIiS 

Acci- 1 0 0  N i l l i o n  A c c i d e n t  
dents  Vehicle ,":iles ?a te  

Kansas 1973 699 &&&- j,~C.C3-44;-& / 3 ; ' .  ' /  

Reduction Et.-8-$ / ;-. 3 ;'. 

Maine 1973 572 k26-8- ~ . ~ i ; / 4 0 ~ . 4 -  [ z . : ,  6 

Reduction &-§-a%- -.I 1 + f ?- 
N e w  York 1973 2918 28.580 102.1 

1974 2232 25.019 89.2 

Reduction 12.6% 

Ohio 1973 1603 16.292 98.4 

Reduction 1 8 . 0 %  

Pennsylvania 1973 3548 26.563 133.6 

1974 1912 24.227 78.9 

Reduction 40.9% 

All Roads 1973 9340 81.370 114.8 

1974 6215 73.099 85.0 

Reduction 26.0% 







I n  t h o s e  s t a t e s  where s t r a i g h t  t r u c k s  were o m i t t e d ,  

t h e  c a r  and l a r g e  t r u c k  involvements  sho'i~n i n c l u d e  t h e  

c o l l i s i o n s  w i t h  s t r a i g h t  t r u c k s .  Only t h e  t a b u l a t i o n  

showing t h e  n u h e r  of  t imes  s t r a i g h t  t r u c k s  were i n -  

volved w i t h  a l l  o t h e r  v e h i c l e s  i s  o m i t t e d .  

7 .2  Two V e h i c l e  C o l l i s i o n s  

Three methods o f  p r e d i c t i n g  t h e  d i s t r i b u t i o n  of  

two v e h i c l e  c o l l i s i o n  t y p e s  were used .  The r e s u l t i n g  

d i s t r i b u t i o n s  a r e  compared w i t h  t h e  obse rved  d i s t r i -  

b u t i o n  f o r  each  road  i n  Tab le s  7 . 4 - 7 . 8 .  I n  t h e  blaine 

Turnpike  a c c i d e n t  d a t a  CT a c c i d e n t s  cou ld  n o t  b e  d i s -  

t i n g u i s h e d  from TC a c c i d e n t s .  These t:io c a t e g o r i e s  

a r e  grouped f o r  t h a t  r e a s o n .  No i n t e r a c t i o n  model 

r e s u l t s  were computed f o r  t h e  P e n n s y l v a n i a  Turnpike  

because  s u f f i c i e n t  speed  d a t a  were n o t  a v a i l a b l e .  

Only t h o s e  two v e h i c l e  c o l l i s i o n s  which were d e t e r -  

mined t o  f i t  t h e  models a r e  shown i n  t h e s e  t a b l e s  a s  

e x p l a i n e d  i n  S e c t i o n  6 .  I n  g e n e r a l  t h e  p r e d i c t e d  d i s -  

t r i b u t i o n s  do n o t  a g r e e  w e l l  w i t h  t h e  obse rved  d i s -  
2 t r i b u t i o n s .  Tab le  7 . 9  p r e s e n t s  X v a l u e s  f o r  t h e  com- 

p a r i s o n  of each  d i s t r i b u t i o n s  w i t h  

t h e  observed  d i s t r i b u t i o n .  t h e  bo t tom t h e  t a b l e  

t h e  observed  d i s t r i b u t i o n s  a r e  compared f o r  t h e  two 

t e n  month p e r i o d s .  The o n l y  two d i s t r i b u t i o n s  which 

are n o t  s i g n i f i c a n t l y  d i f f e r e n t  a r e  t h e  obse rved  

d i s t r i b u t i o n s  i n  ? la ine.  The p r e d i c t e d  and o b s e r v s d  

involvements  were combined t o  produce T a b l e  2 . 5  which 

was p r e s e n t e d  i n  t h e  summary. 

I n  g e n e r a l ,  nons of  t h e  n o d e l s  p r c d i c t c d  t h s  

r e d u c t i o n  i n  CC c o l l i s i o n s .  The d i s t r i b u t i o n s  bas??, 

on v e h i c l e  m i l e s  a l s o  f a i l e d  t o  p r e d i c t  t h e  s h i f t  from 

CT t o  TC a c c i d e n t .  T h i s  l i m i t a t i o n  was k n o m  p r e v i o u s l y  



TABLE 7 . 4  

KANSAS TURNPI KE 

TWO VEHICLE IP~VOL\lEl~EI4TS BY C O L L I  SIO?! TYPE 
Ten lllonths ( J a n .  - Oct.  ) 

PRED I CTED 

Note: The t r u c k  f i g u r e s  f o r  Kansas i n c l u d e  a l l  t r u c k s ,  
most of which a r e  l a r g e .  

V e h . M i l e s  Temporal 
V e h . , , , i l e s  

N 01 lo 

194 65 .2  
45 1 5 . 0  
45 1 5 . 0  
14 4 . 8  

298 100.0 

88 57.6  
27 1 7 . 8  
27 1 7 . 8  
10  6 . 9  

152 103.1  

1 

1973 
C C 
CT 
TC 
TT 

TOTAL 

'1 974 
C C 
CT 
T C  
TT 

TOTAL 

I n t e r a c t i o n  
Flodel 

N of la 

201 67 .6  
60 20 .0  
26 8.8 
11 3 . 6  

298 i 0 0 . 0  

95 62.6 
34 22.5 
1 5  10.1 

7 4 .8  

151 100.0  

N n #  N s 

62 40 .8  
3 8  24.7 

91 59 .8  
27 17 .5  
27 17 .5  

8 5 .1  

153 99.9 

26 17 .4  
26 17.1 1 

152 1OO.Oj  
I 



TABLE 7 .5  

MAINE TURNPIKE 

TWO VEHICLE INVOLVEr.1EFITS BY COLLISION TYPE 
Ten Months (Jan. - Oct. ) 

PREDICTED 

Note: The truck figures for Maine include all trucks, 
most of which are large. 

OBSE~VED 

N % 

Tempora 1 
,,eh riles 
N % 

227 75 ,3  
68  22.6 
7 2.2 

302 100.1 

140 71.5 
50 25.6 
6 3.0 

196 100.1 

Veh. Miles 

N ,o 
a? 

Interaction 
blade 1 

N ;4 

242 79.9 
57 19.0 

3 1.1 

302 100.0 

157 S O 6  
35 18.0 

3 1.3 

195 100.0  

234 77.3 
64 21.2 

4 1.5 

1973 
C C 
CT/TC 
TT 

174 57.6 
112 37.0 
16 5.3 

TOTAL 

1974 
C C 
CT/TC 
TT 

TOTAL 

302 99.9 / 
1 

302 100.0 

100 51.0 1 147 75.2 
I 82 41.8 i 

14 7.1 

196 99.9 

46 23.0 
3 1.8 

136 100.0 



TABLE 7 .6  

NEW YORK THRUPIAY 

TWO VEHICLE IEIVOLVEREliTS BY COLLISION TYPE 
Ten ldonths ( J a n .  - Oct. ) 

PRED I CTED 

OBSERVED 

P 

1973 
CC 
CT 

C 

N % 

560 68 .0  
115 14 .0  

T C 
TT 

TOTAL 

1974 
C C 
CT 
T C 
TT 

TOTAL 

I n t e r a c t i o n  
Model 

N % 

638 77.4 
150 18 .2  

V e h o  

N io 
01 

602 73.1 
102 12.4 

97 ' l e 8 1  
52 6 . 3  

824 100.0 I 

382 65 .0  
101 17 .2  
81 1 3 . 8  
24 4.1 

588 100.0 

25 3 . 0  
12 1 . 4  

825 1 0 0 . 0  

453 77 .0  
95 16 .2  
30 5 .1  
11 1 . 8  

589 100.1 

Tempora 1 
Veh, Miles 

10 N C/ 

624 75.7 
89 1 0 . 8  

102 12 .4  
17 2.1 

823 100.0  

429 72 .9  
74 1 2 , 5  
74 1 2 . 5  
12  2.1 

589 100.0 

89 1 0 . 8  
22 2 . 7  

824 100.0  

434 73 .8  
68 11 .6  
68 11 .6  
17 2 .9  

587 99.9 



TABLE 7 . 7  

OHIO TURNPIKE 

TMO VEHICLE 1NVOLVEME;ITS BY COLLISION TYPE 
Ten Months (Jan. - Oct. ) 

PRED ICTED 

OBSERVED 

1973 

- 
Interaction 

Model 

N o 
01 

b 

Veh. Miles 

% I N  c/ :a 
r 

N 

275 45.8 
301 50.2 
3 0.5 
22 3.6 

601 100.1 

262 62.6 
93 22.2 
42 10.0 
21 5.1 

418 99.9 

Temporal 
v e h .  ivii 1 es 
N % 

350 58.2 
102 17.0 
102 17.0 
47 7.8 

601 100.0 

218 52.2 
77 18.4 
77 18.4 
46 11.0 

418 100.0 

CC 
CT 
T C 
TT 
TOTAL 

1974 
CC 
CT 
TC 
TT 
TOTAL 

308 51.3 
111 18.5 
111 18.5 1 
70 11.7 1 

I 

3 5 3  58.8 
107 17.9 
107 17.9 
32 5.4 

600 100.0 1 599 100.0 

172 41.1 
54 12.9 
142 34.0 
50 12.0 

418 100.0 

223 53.4 
82 19.7 '1 82 19.7 
30 7.2 

417 100.0 



TABLE 7 . 8  

PENNSYLVANIA TURNPIKE 

TWO V E H I C L E  I N V O L V E I . i E ? I T S  BY C O L L I S I O N  T Y P E  
Ten Months ( Jan .  - O c t .  ) 

PREDICTED 

TT 

TOTAL 

48 8.4 

572 100.0 

17 3.0 

571 100.0 

36 5.9 

571 99,9 





of cou r se .  The tempora l  c a l c u l a t i o n  of  t h e  v e h i c l e  

m i l e s  p r e d i c t o r  d i d  b e t t e r  i n  p r e d i c t i n g  t h e  TT i n -  

volvements a s  expec ted .  While t h e  i n t e r a c t i o n  model 

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

l i s i o n s ,  t h e  observed  s h i f t  i s  n o t  n e a r l y  a s  b i g .  

Over - involvenent  r a t e s  a r e  compute? by d i v i d i n g  

t h e  observed number of  i n v o l v e n e n t s  by t h e  p r e d i c t e d  

number. The r e s u l t s  of t h i s  d i v i s i o n  a r e  shown b y  

road i n  Tables  7 .10-7.14,  and i n  agg rega te  i n  Table  

7.15. The v e h i c l e  m i l e s  p r e d i c t o r s  i n d i c a t e  t h a t  

t r u c k s  a r e  ove r invo lved  i n  a l l  c o l l i s i o n  t y p e s .  How- 

e v e r ,  when t h e  r e l a t i v e  speeds  a r e  i nc luded  a s  i n  t h e  

i n t e r a c t i o n  model,  t h e  CT c o l l i s i o n  type  i s  no l o n g e r  

over - involved .  For  each  road t h e  TT c o l l i s i o n  ty7e  

i s  i n d i c a t e d  t o  b e  over - involved  by each p r e d i c t i o n  

method. I n  t h e  a g g r e g a t e  t h e  TC c o l l i s i o n  type  i s  

a l s o  over - involved .  

T h e  i n t e r a c t i o n  node l  p rov ides  a c ~ ~ c e p t u a l  f r a n e -  

work f o r  i n t e r p r e t a t i o n  of  t h e s e  r e s u l t s .  The f a c t o r  

n o t  i n c l u d e d  i n  t h e  i n t e r a c t i o n  model, a s  a p p l i e d  h e r e ,  

i s  t h e  p r o b a b i l i t y  o f  an involvement given a  p a s s i n g .  

The f i n d i n g  t h a t  c a r - c a r  involvements  a r e  under- 

r e p r e s e n t e d  nay be i n t e r p r e t e d  as a  f i n d i n g  t h a t  t ! e  

p r o b a b i l i t y  of  an involvement  g iven  a  car-.car ? a s s i n g  

i s  lower t han  t h e  o v e r a l l  p r o b h i l i t y  f o r  a l l  t ~ o -  

v e h i c l e  p a s s i n g s .  S i m i l a r l y ,  t h e  o v e r - r e p r e s e n t a t i o n  

of t r u c k s  a s  s t r i k i n s  v e h i c l e s  may be i n t e r p r e t e z  a s  a  

h i g h e r  p r o b a b i l i t y  of  involvement  f o r  t r u c k - c a r  

p a s s i n g s .  



TABLE 7 . 1 0  

K A N S A S  T U R N P I K E  

OVER-INVOLVEMEPIT  R A T E S  F O R  T I 4 0  ' J E H I C L E  C O L L I S I O N S  
Ten Months ( J a n .  - 0 c t .  ) 

- 
Collision Temporal I n t e r a c t i o n  

Type 
Veh. H i .  yehe  M i .  Model 

Note: The t r u c k  f i g u r e s  f o r  Kansas i n c l u d e  a l l  
trucks, most of which a r e  l a r g e .  



MA1 NE TURNP I KE 

OVER-INVOLVEMENT RATES FOR TWO VEHICLE COLLISIOI\IS 
Ten Months ( Jan . -Oc t .  ) 

Collision Temporal Interaction 
TY pe Yehe  Mi' Veh. M i .  Model 

Note: The t r u c k  f i g u r e s  f o r  PIaine i n c l u d e  a l l  
t r u c k s ,  most o f  which  a re  large. 



TABLE 7 . 1 2  

NEW YORK THRUIIIAY 

OVER-INVOLVEMEIIT RATES FOR T!*iO VEHICLE COLLISIONS 
Ten Months ( Jan .  - 0 c t .  ) 

Collision Veh. Mi. Temporal Interaction 
TY pe Veh. Mi. Ftodel 



TABLE 7 . 1 3  

O H I O  TURNPIKE 

O V E R - I N V O L V E b i E N T  R A T E S  F O R  TPJO V E H I C L E  C O L L I S I O P i S  
Ten Months (Jan.-Oct. ) 

Collision Tempora 1 In t e r ac t i on  
TY ~e Veh'Mi' Veh. M i .  Model 



TABLE 7 . 1 4  

PENNSYLVANIA TURKPIKE 

OVER-INVOLVEMEYT RATES F O R  TXO VEHICLE COLLISIONS 
Ten Months (Jan. -0ct .  ) 

Collision Vehicle Miles Temporal 
Type Veh. Mi. 



TABLE 7 . 1 5  

COMBINED RESULTS 

OVER-1NVOLVEE.IENT RATES FOR T!dO 'JEHICLE COLLISIONS 
Ten Plonths ( Jan .  -0c t .  ) 

C o l l i s i o n  Temporal I n t e r a c t i o n  
Type Veh' Mi Veh. Mi. Model 

Note: The t r u c k  f i g u r e s  fo r  Xa ine  and 
Kansas i n c l u d e  a l l  trucks most 
of which a re  la rge .  



T h i s  s e c t i o n  i s  conc luded  w i t h  some i n f o r m a t i o n  

on t h e  d e g r e e  t o  which v e h i c l e  m i l e s  and prec!icted 

p a s s i n g s  p r e d i c t  t h e  obse rved  r e d u c t i o n s  i n  i n v o l v e -  

ments .  The p r e v i o u s  a n a l y s i s  l ooked  s o l e l y  a t  t h e  d i s -  

t r i b u t i o n  of  two v e h i c l e  c o l l i s i o n  t y p e s .  Tile r e s u l t s  

of t h i s  comparison a r e  shown i n  T a b l e  7.16.  I n  2 e n e r a l  

t h e  r e d u c t i o n  p r e d i c t e d  on t h e  b a s i s  o f  p a s s i n s s  i s  

c l o s e r  t o  t h e  o b s e r v e d  r e s u l t  t h a n  t h e  r e z u c t i o n s  

p r e d i c t e d  on t h e  b a s i s  o f  v e h i c l e  mi l eage  a l o n ? .  F o r  

example ,  on t h e  Kansas  Turnp ike  two v e h i c l e  c o l l i s i o n s  

a r e  down 4 9 % ,  t o t a l  m i l eage  i s  down 15% and t h e  t o t a l  

number o f  p r e d i c t e d  p a s s i n ~ s  i s  down 28%. O v e r a l l  

m i l eage  d e c r e a s e d  1 3 % ,  p r e d i c t e d  p a s s i n g  d e c r e a s e d  2 1 % ,  

and two v e h i c l e  i nvo lvemen t s  d e c r e a s e d  3 3 % .  C l e a r l y  

t h e  i n t e r a c t i o n  n o d e l  p r e d i c t s  more of  t h e  o b s e r v e d  

d e c r e a s e  t h a n  v e h i c l e  mi l eage  a l o n e  d o e s .  Al though  

b o t h  models do n o t  h a n d l e  vo lxne  i n  e x a c t l y  t h ?  same 

manner,  it  i s  a p p r o p r i a t e  t o  conc lu2e  t h a t  t h 2  d i f -  

f e r e n c e  between t h e  t:tro i s  2 r i r n a r i l y  duz t o  t h e  i n -  

c l u s i o n  of speed  d i s t r i b u t i o n s  i n  t h e  i n t e r a c t i o n  

model.  On t h i s  b a s i s  t h e  i n c l u s i o n  o f  t h e  speed  d i s -  

t r i b u t i o n s  would a p p e a r  t o  a c c o u n t  f o r  8 ( 2 1  n i n u s  1 3 )  

o f  t h e  33% r e d u c t i o n  o b s e r v e d  i n  two v e h i c l e  i n v o l v e -  

ments .  

Looking a t  t h e  r a t i o  o f  i nvo lvemen t s  t o  p r e d i c t e d  

p a s s i n g s ,  a  15% r e d u c t i o n  i s  o b s e r v e d .  T h i s  may b e  

i n t e r p r e t e d  a s  a  d e c r e a s e  i n  t h e  p r o b a b i l i t y  o f  an  i n -  

volvement  g i v e n  a  p a s s i n g .  I t  i s  p o s s i b l e  t o  s u b j e c -  

t i v e l y  r e l a t e  t h i s  chancre t o  many f a c t o r s .  C l e a r l y  

t h i s  p r o b a b i l i t l r  v a r i e s  b o t h  by road  and t i m e .  However 

one  p o s s i b l e  i n t2 rp : - c t a t i on  i s  t o  r z l a t s  ti12 changz i n  

t h e  p r o b a b i l i t l .  o f  an  i n v o l v z c ~ s n t  a i ~ ~ e n  a p a s s i n ?  t o  

t h e  lower  mean speed  a t  which t h e  p a s s i n g s  a r e  now 

o c c u r r i n g .  ( F o r  d i s t r i b u t i o n s  w i t h  f i x e d  s t a n d a r d  



TABLE 7 . 1 6  

COMPARISON OF VEHICLE MILES AND PREDICTED PASSINGS (I.M.) 
AS PREDICTORS OF ACCIDEllT INVOLVEMENTS 
TEN MONTHS (JAl4. -0CT. ) , 1973 VS. 1974 

Reductions in Percent 

Note: The t r u c k  f i g u r e s  f o r  M i n e  a n d  K a n s a s  i n c l u d e  
all t r u c k s ,  m o s t  of which  a r e  largs. 

Involvements, Predictors 
and Rates 

INVOLVEMENTS 
CC 
TT 
Two Vehicle 
Total 

MILEAGE 
Car 
Large Truck 
Total 

PREDICTED PASSINGS (PP) 
C C 
TT 
Two Vehicle Total 

INVOLVEMENT RATES 
CC Inv/Car Miles 
CC Inv/CC PP 
TT Inv/Truck Miles 
TT Inv/TT PP 
Two Veh. Inv/Tot. Eli. 
TNO Veh. Inv/Tot. PP 
Total Inv/Total Niles 
Total Inv/Total PP 

Toll Roads 

Kansas Maine New York Ohio 

6 2 43 3 2 4 4 
0 13 54 29 
4 9 35 2 9 3 0 
41 3 3 31 3 2 

18 12 17 14 
4 2 2 - 4 
15 11  15 10 

3 3 18 22 - 8 
3 1 - 2 -13 
28 19 22 2 1 

5 3 35 18 36 
43 30 12 4 8 
- 5 1 1  53 32 - 3 12 55 3 7 
40 2 7 16 23 
29 20 9 12 
30 25 19 25 
18 18 12 14 

Net 
Reduction 

41 
3 0 
3 3 
33 

16 
0 
13 

15 
-8 
2 1 

29 
30 
3 1 
36 
2 3 
15 

23 
14 



d e v i a t i o n s  and a g iven  d i f f e r e n c e  between t h e  mean 

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

r e g a r d l e s s  of t h e  a b s o l u t e  v a l u e  of t!le mcan s 2 e e d s . )  

The i n t e r p r e t a t i o n  b e i n g  s u g c e s t e d  h e r e  i s  t h a t  t h e  

p r o b a b i l i t y  o f  an involvement  g iven  a  p a s s i n g  i s  lower  

when t h e  p a s s i n g  o c c u r s  a t  a  lower  mean speed .  

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

d e r i v e d  from Table  7 . 1 6 .  The f i r s t  i s  t h a t  t h e  speed  

d i s t r i b u t i o n s ,  a s  i n c o r p o r a t e d  i n  t h e  i n t e r a c t i o n  

model, appea r  t o  accoun t  f o r  e i g h t  of t h e  observed  

3 3 %  r e d u c t i o n  i n  two v e h i c l e  involvements .  The second 

i s  t h a t  t h e  p r o b a b i l i t y  o f  an i n v o l ~ e ~ e n t  g iven  a pas s -  

i n g  was a l s o  d e c r e a s e d .  I t  seems r e a s o n a b l e  t o  p re -  

sume t h a t  t h e  speed  changes  may a l s o  have p la l red  a r o l e  

i n  t h i s  r e d u c t i o n .  I t  i s  n o t  p o s s i b l e  t o  e s t i m a t e  t h e  

magnitude of  t h i s  e f f e c t ,  Fu tu re  irn?rover.ents i n  t h i s  

model a s  a  p r e d i c t o r  would have t o  a d d r e s s  t h e  v a r i a t i o n  

i n  t h e  p r o b a b i l i t y  of an involvement  a i v e n  a  p a s s i n g  

as a f u n c t i o n  of such  t h i n ~ s  a s  t y p e  of p a s s i n g ,  mean 

speed ,  t r a f f i c  d e n s i t y ,  e t c .  
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APPENDIX A 

INTERACTIO?? MODEL 

The interaction model is specifically concerned 

with the turnpike situation, in which there is a four- 

or-more-lane roadway with extremely limited access and 

lanes divided by direction of travel. 

The major accident situation studied here involves 

two vehicles traveling in the same direction on the 

turnpike and the potential conflict between them. The 

conflict would occur when the projected ?ositions of the 

two vehicles coincide. The model assumes that no queues 

will form while a vehicle is waiting to pass, nor will 

the speed of the overtaking vehicle be affected by the 

fact that it is in an overtaking situation. Thus, if 

the rate of overtaking can be determined, the measure 

of exposure naturally follo\is. The accidents resulting 

from such a conflict are generally either rsar-end or 

sideswipe accidents. One possible fault with this 

assumption is the tailgating situation or the panic 

stop that could lead to an inminent crash. 

The model, then, is a procedure for iietermining 

the rate of overtaking. Consider two vehicles on a unit 

or roadway ( e . g . ,  a mile), one vehicle is moving at 

speed v and the other at speed u, where u<v. The rate 

at which the vehicle moving at speed v overtakes the 
vehicle moving at speed u is v-u. If we have more than 

one vehicle moving at speeds greater than u, say, D 

vehicles, in that unit section of roadway (e.g., the 

mile), then one must integrate v-u over all possible 

speeds, v ,  greater than u in order to determine the 

average rate of overtaking: 

a, 

D ! (v-u) h (v)dv 
vu 

where D is the density in vehicles per mile, and h(v) v 
is a probability density function that represents the 



percentage of vehicles at any one speed v, from u to *. 
However, this only considers one slow-moving 

vehicle and only one speed, u. If we assume that on the 

unit of roadway, we have DU vehicles which are being 

passed and that a proportion, h(u), are at each speed u, 

from 0 to then the average rate of overtakinq is: 
1 

DUI Dvi (v-u) h (v) h (9) dv du 

The portion within the integral sign will have units of 

miles per hour, and the densities (DU and Dv) will be 

measured in vehicies per mile. Therefore, the resu?tincj 

rate is in overtakings per hour per mile. When dealing 

with speed distributions, it is possible that some 

vehicles from the slower class might overtake some in 

the faster class. Therefore, it is conceptually appealing 

to think of the v's as the passing class and the u's 

as the class being passed, regardless of which one has 

the faster distribution of speeds. 

Density is computed from the following expression: 

where: 

VM=vehicle mileage 

v=rnean speed, mph 

L=segment length, mile 

T=time period, hours 

' t' 
eg. A . 2  

The double integral is computed numerically using 

a normal distribution. Field data sheets were obtained 

A-2 



from the speed surveys showing number of vchicles 

observed in 2 mph increments of speed. The mean and 

standard deviation of these observations were com- 

puted. For convenience the double integral was computed 

from the mean and standard deviation under the assum- 

ption that the speed distributions are normal. 

In many cases the speed distributions were not 

particularly normal. Trucks often had a very flat dis- 

tribution for example. To evaluate the influence of 

the normality assumption on the double integral com- 

putation, a program was written to compute the integral 

from the raw data directly. In general the differences 

were 1-2% with the normal approximation tending to be 

higher. One exception was the TC rate in Ohio prior to 

the energy crisis when the differential in mean speeds 

was large. Here the overtaking rate is very small 

( . 0 2 - . 0 6 )  and the differences between the integral 

computed using the normal assumption and the raw data 

were large (20-60%)). However, there was no systematic 

bias in these differences. For this reason the results 

obtained under the assumption of normality were pre- 

sumed to be as good as those obtained from the raw data. 

In all cases the double integral was evaluated using the 

assumption that the speed distributions were normal. 

Each road was broken down into segments defined 

by the interchanges. The hourly and daily traffic 

distributions described in the next appendix were used 

to allocate the monthly traffic by class (cars and large 

trucks) into 8 periods. These periods were defined by 

four 6-hour periods of the day and a weekday/w?ckend 

split. The interaction model calculations werc carried 

out separately in each of these periods. Speed data 

were not available to this level of detail. In general 

the same speed distributions were used in each of the 

8 periods. 
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APPENDIX B 

TRAFFIC PATTERNS AND ELAPSED TIPlE 

A s  e x p l a i n e d  e a r l i e r  one of  t h e  needs  of t h i s  

s t u d y  was t h e  d e t e r m i n a t i o n  by v e h i c l e  t y p e  of t r a f f i c  

p a t t e r n s  by time of  day and day of week. One of t h e  

presumed a d v a n t a g e s  of  s t u d y i n g  t o l l  r o a d s  was t h e  f a c t  

t h a t  t o l l  t i c k e t s  c o u l d  b e  used  t o  o b t a i n  time of e n t r y  

and  e x i t .  T h i s  would p e r m i t  d e r i v a t i o n  of  t h e  " o v e r l a p "  

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

would h o p e f u l l y  a l s o  p r o v i d e  an independen t  measure  o f  

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

U n f o r t u n a t e l y  i n  a l l  b u t  one s t a t e  t h e  n e c e s s a r y  

i n f o r m a t i o n  was n o t  a v a i l a b l e  from t h e  t o l l  r o a d .  The 

time on o r  o f f  was sel6orn punched on t h e  t i c k e t .  Some 

s t a t e s  p r i n t e d  t h e  t i m e  on b u t  n o t  t h e  t i n e  o f f .  I n  

s t a t e s  where b o t h  t i m e s  were r e c o r d e d  t h e  d a t a  was n o t  

u s a b l e  f o r  a  v a r i e t y  of r e a s o n s :  t h e  t i m e  o f f  was o n l y  

p r i n t e d  t o  t h e  n e a r e s t  h o u r ,  t h e  t i c k e t s  had been d i s -  

c a r d e d  o r  r e c y c l e d ,  t h e  c l o c k s  a t  t h e  d i f f e r e n t  s t a t i o n s  

were n o t  s y n c h r o n i z e d ,  o r  n o t  working a t  a l l .  O f f i c i a l s  

from t h e  t o l l  r o a d s  g e n e r a l l y  e s p l a i n e d  t h a t  t h e  t i c k e t s  

were d e s i g n e d  f o r  a c c o u n t i n g  and o t h e r  a d m i n i s t r a t i v e  

p u r p o s e s  and were n o t  i n t e n d e d  t o  m o n i t o r  t r a f f i c  

p a t t e r n s  o r  t r a v e l  t i m e .  

The Ohio Turnp ike  d i d  r e c o r d  e n t r y  and e x i t  t i m e s  

f o r  v e h i c l e s  d u r i n g  a  s e v e r a l  month p e r i c d  beg inn ing  i n  

November, 1974. (They have s u b s e q u e n t l l .  s t o p p s d  

r e c o r d i n g  t h i s  i n f o r m a t i o n . )  T h i s  da t a  was p r o v i d e d  

for u s  on t h r e e  magne t i c  t a p e s ,  two c o v e r i n g  a  17  day  



p e r i o d  i n  November, 1974 and one t a p e  f o r  March, 1975.  

The November d a t a  was e x t e n s i v e l y  ana lyzed  a s  e x p l a i n e d  

below and formed t h e  b a s i s  of h o u r l y  and d a i l y  t r a f f i c  

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

From t h e  o r i g i n a l  t a p e s  a  2 %  random sample was t a k e n  

of a l l  v e h i c l e s  on t h e  road  between 00:Ol Tuesday,  

November 1 2  and 11:59 blonday, November 2 5  t h a t  had no 

m i s s i n g  d a t a  f o r  t ime  on and o f f ,  and l o c a t i o n  on and 

o f f .  Based on i t s  c l a s s  and number of  a x l e s  e a c h  of 

t h e  14197 v e h i c l e s  was a s s i g n e d  t o  one of f o u r  g roups  

as e x p l a i n e d  below: 

1. 10229 were " c a r s . "  They had a  c l a s s  1 

t i c k e t  and 2 a x l e s  ( o r  i f  towing a  t r a i l e r  

t h e  c a r  p l u s  t r a i l e r  weighed l e s s  t h a n  

16 ,000  pounds) . 
2.  580 were " o t h e r . "  T h i s  group  i n c l u d e d  

s t r a i g h t  t r u c k s ,  pas senge r  c a r s  w i t h  

heavy t r a i l e r s ,  and t r a c t o r s  w i t h o u t  

t r a i l e r s .  

3 .  3 3 2 2  were " l a r g e  t r u c k s "  having  f o u r  

or more a x l e s .  

4 .  56 v e h i c l e s  i n  t h e  sample ( l e s s  t h a n  

1%) were exc luded  from f u r t h e r  a n a l y s i s  

because  o f  an i m p o s s i b l e  combina t ion  of  

v a r i a b l e s ,  e . g . ,  two a x l e s  and we igh t  

g r e a t e r  t h a n  65,000 pounds.  

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

time, and m i l 2 s  p e r  hour were e scmined  f o r  g roups  1 - 3 .  

These a r e  d e s c r i b e d  i n  Tab le  B . 1 .  His tograms o f  t h e  

mi l e s /hour  v a r i a b l e s  grouped i n t o  5 mi l e s /hour  i n t e r v a l s ,  

are g i v e n  i n  F i g u r e s  B.l t o  B . 3 .  Remembering t h a t  t h e  

rni les /hour  v a r i a b l e  i s  n o t  e q u i v a l e n t  t o  t r a v e l i n g  speed  



TABLE B.l 

DISTANCE TRAVELED, ELAPSED T I M E ,  A:jD MILES/HOUR FOR 
PASSENGER CARS, "OTHER" VEHICLES, Ai;D LARGE TRUCKS* 

T ) E S ~ . , I ; ~ - : ~ V ;  : l - ~ z l i , c  <i> ! - : . b : ~ ~ j  5:: 2 Other Vehicles 

-. , - 3 .  .. 1?'[1:: ' 3. '. 
VA;  I:,BLz K !:- 1 , :  : . t '  :. .- - :, 3.':) ;'fV 

53,9ISTA: iCZ S8C , A .  2 3  1, 7.1 5 : .  7,.'7 5,:. f .+c 

7 . 7 .  n-- .  3 1 ;I ,  c L,., ~ 3 ~ 3  ? G ?  * l , ' [ i  f 1 4  .QE7 1 , 5 j i ! !  1  , .!57.5 

4 11 * ~<ILy73/H 5 d C  <.  g j , ; i ' ?  Z F , 7 7 Z  1 3 . ..' 7 6, 

DE:sCEI P:IV ? ::.:E.?Sii,E:> <!> ;:Zi:CL.: 5 5 :  3 Large Trucks 

VbPI13L':  ?I k 2 ?; y !: 1' t: I\. F. .Y 2 ? 11 :. ?.LA!, 
' - \  1 S?P  T L V  

. - 
3 3 2 2  $ 7 .  ::)G - ,- ? 5 ~ n r s : . : : ~ :  . . 211.2 :  3 2 .  3 -  

u13,:~m:n 3 3 3 2  , ?33:3  - 1  23.f5: 2 . 2 7 3 6  2, 2 55; 

9 11 a rlIL?:/H? 3 3 3 2  C .  78,CG^ 45,9ij l  1 2 , 9 3 3  

*From the Ohio T u r n p i k e  T r a n s a c t i o n  Tape -- November 12, 1 3 7 1  t o  
Novembct- 25, 13 7 4 . 



F I G U R E  B. 1 

HISTOGRAM OF M I L E S / H O U R  FOR PASSENGER CARS 

j.! 1 3 7  
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FIGURE B. 2 

HISTOGRAM OF MILES/HOUR FOR "OTHER" VEHICLES 



F I G U R E  B.3 

HISTOGRAM OF MILES/HOUR F O R  LARGE TRUCKS 



because  of t h e  p o s s i b i l i t y  of s t o p s ,  t h e s e  h i s t o g r a m s  

g i v e  v e r y  r e a s o n a b l e  r e s u l t s .  Note t h e  s u b s t a n t i a l l y  

g r e a t e r  p o r t i o n  of l a r g e  t r u c k  t r a v e l  i n  t h e  0-35 m i l e s /  

hour  r ange .  T h i s  i s  due t o  t h e  g r e a t e r  number of long  

s t o p s  made by l a r g e  t r u c k s .  Along t h e  Ohio Turnp ike  

t h e r e  a r e  s e v e r a l  r e s t  a r e a s  and s e r v i c e  p l a z a s  b u t  no 

motels o r  o t h e r  f a c i l i t i e s  i n t e n d e d  f o r  an ex tended  

s top  by pas senge r  c a r  d r i v e r s .  However, t h e r e  a r e  

a r e a s  a t  some i n t e r c h a n g e s  where t r u c k e r s  can s t o p  and 

s l e e p  i n  t h e i r  cab, ,  w i t h o u t  l e a v i n g  t h e  t o l l  r o a d .  

An e f f o r t  was made t o  i s o l a t e  a  g roup  of  v e h i c l e s  

whose mi l e s /hour  r e s u l t s  cou ld  be  i n t e r p r e t e d  a s  a c t u a l  

t r a v e l i n g  speed .  There  a r e  a  few p o r t i o n s  of t h e  Ohio 

Turnpike  w i t h  no r e s t  a r e a s  o r  o t h e r  s t o p p i n g  p l a c e s .  

However, t h e  amount of t r a f f i c  e n t e r i n g  t h e  road  irrmed- 

i a t e l y  b e f o r e  t h e s e  s h o r t  s t r e t c h e s  and e x i t i n g  imrned- 

i a t e l y  a f t e r  was a  t i n y  f r a c t i o n  of  t h e  t o t a l  t r a f f i c ,  

and was f e l t  t o  be u n r e p r e s e n t a t i v e .  For  t h o s e  v e h i c l e s  

whose t r i p  i n c l u d e d  a segment w i t h  a  s t o p p i n g  p l a c e  it 

was n o t  p o s s i b l e  t o  i d e n t i f y  t h o s e  t h a t  s t o p p e d .  

A f t e r  t h e  56 i n v a l i d  v e h i c l e s  were d e l e t e d  t h e  

mi l eage  t r a v e l e d  by a l l  t h e  o t h e r  v e h i c l e s  was " i n t e -  

g r a t e d "  o v e r  t h e  two week p e r i o d .  T h i s  was done by 

assuming each  v e h i c l e  t r a v e l e d  a t  a  c o n s t a n t  r a t e  o f  

speed  t h e  e n t i r e  t i m e  t h a t  i t  was on t h e  r o a d .  The number 

of m i l e s  t r a v e l e d  by c a r s  and l a r g e  t r u c k s  were s e p a r a t e l y  

summed f o r  each  of t h e  336 hour s .  These were t h e n  com- 

b ined  f o r  t h e  weekdays and weekends and t h e  r e s u l t s  a r e  

p r e s e n t e d  i n  Table  B . 2 .  

The f i r s t  column i s  t h e  hour of t h e  day w i t h  t h e  

f i r s t  hour  from 12 :01  am t o  1 : 0 0  am. The second th rough  

f o u r t h  columns a r e  t h e  p e r c e n t a g e s  of car  m i l e s  t r a v e l e d  

d u r i n g  t h i s  t ime  p e r i o d  d u r i n g  t h e  t o t a l  week,  weekdays,  



TABLE B . 2  

PERCENTAGE OF C A R  AND L A R G E  T R U C K  M I L L A G E  BY HOUR: 
TOTAL, WEEKDAY, AED I I E E K E I I D  

9 ,  1C.  11. 1 2 ,  1 3 .  1 4 .  
C A S E  C'n'DhY !; CU','I?< T?%UCt;; - 7 , .  , ' 7  

L h u ! . i  . - , . * - i y D <  . n 



and weekends. S i m i l a r l y  t h e  nex t  t h r e e  columns a r e  t h e  

p e r c e n t a g e s  of  l a r g e  t r u c k  m i l e s  t r a v e l e d  d u r i n g  t h e  

t o t a l  week, weekdays, and weekends. 

Each o f  t h e  numbers c o n s i s t  of a  f r a c t i o n  and an 

exponent  of  10 ,  s o  t h a t  t h e  f r a c t i o n  of c a r  mi l eage  i n  

t h e  f i r s t  hour o r  weekdays i s  0.13614 x 10-1 o r  1 . 3 6 % .  

(No f u r t h e r  u s e  was made of  t h e  d e t a i l e d  i n f o m a t i o n  

from t h i s  t a b l e .  However, it i s  be ing  inc luded  h e r e  

fo r  p o s s i b l e  u s e  by o t h e r  i n v e s t i g a t o r s . )  

This d a t a  was t h e n  combined i n t o  t h e  f o u r  s ix -hour  

time p e r i o d s  (12 :Olam-  6:00am, 6 :Olam-noon ,  12 :Olpm-  

6:00pm, 6 :Olprn-midnight )  and t h e  r e s u l t s  a r e  g i v e n  i n  

a s i m p l e r  fo rma t  i n  Tab le  B . 3 .  

I n fo rma t ion  from t r a f f i c  c o u n t e r s  i n  Kansas was 

compared w i t h  t h e  d i s t r i b u t i o n  f r o a  Ohio. Tab le  B . 4  

gives t h e  p e r c e n t a g e  of t o t a l  t r a f f i c  on t h e  r u r a l  s t a t e  

highways f o r  each  of t h e  e i g h t  t ime  p e r i o d s  d u r i n g  t h e  

week. Note t h a t  t h e  p e r c e n t a g e  of t r a f f i c  i n  p e r i o d  1 

(12:Olam- 6:00 am) i s  much s m a l l e r  t h a n  t h a t  f o r  Ohio. 

Other  a n a l y s e s  of t h e  Kansas d a t a  i n d i c a t e d  t h a t  t h i s  

was p r i m a r i l y  due t o  much l e s s  l a r g e  t r u c k  t r a f f i c  

d u r i n g  t h e i r  e a r l y  morning hours .  The d i s t r i b u t i o n  of 

l a r g e  t r u c k  t r a f f i c  from Ohio was modi f ied  by r educ ing  

t h e  p e r c e n t  a t  t h a t  t ime  and d i s t r i b u t i n g  it among t h e  

rest of t h e  day.  The d i s t r i b u t i o n  f o r  c a r s  was i n  b a s i c  

agreement and was l e f t  unchanged. The f i n a l  d i s t r i b u t i o n s  

of car  and l a r g e  t r u c k  mi l eage  which were a p p l i e d  t o  

a l l '  t o l l  r o a d s  i n  t h i s  s t u d y  a r e  q i v e n  i n  Tab le  B . 5 .  



T A B L E  8 .3  

PERCENTAGE O F  CAR A t j D  T R U C K  ;,1ILEAGE I N  E A C H  TIME P E R I O D  

Time Period 

1 
2 
3 
4 

CARS 
Weekday Xeekend Total  

3 .3  2 .3  5 .6  
1 7 . 9  8 . 8  26.7 
28.7 14.6 43.3 
15.3 9.1 24.4 

TOTAL 65.2 34.8 100.0 

-- 

Time Period 

1 
2 
3 
4 

TOTAL 

--- 
T R U C K S  

Weekday Nee kend Tota l  

17.0  3 .9  20.9 
20.4 3.9 24.3 
24.3 3 .9  28.2 
22.0 4 .6  26.6 

83.7 16.3  100.0 





TABLE 8.5 

FINAL PERCENTAGE OF CAR AND TRUCK MILEAGE IN EACH TIME PERIOD 

Time Period 1 TRUCKS 

Time Period 

1 
2 
3 
4 

TOTAL 

1 Weekday Weekend Total 

CARS 

Weekday Weekend Total 

3.3 2.3 5.6 
17.9 8.8 26.7 
28.7 14.6 43.3 
15.3 9.1 24.4 

65.2 34.8 100.0 

TOTAL 1 83.8 16.2 100.0 
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APPENDIX C 

TOLL ROAD TOLL CLASSES 

The d i s t r i b u t i o n s  of t o l l  c l a s s e s  and e x p l a n a t i o n  of  g roup ing  

of c l a s s e s  i n t o  t h e  c a t e g o r i e s  of c a r ,  l a r g e  t r u c k ,  o t h e r s ,  a r e  

g iven  i n  S e c t i o n  5 .1 .  The s p e c i f i c  d e f i n i t i o n s  of each  t o l l  

c l a s s  a r e  g iven  h e r e .  

The t o l l  d a t a  f o r  Kansas and Xaine were o b t a i n e d  from t h e  

t u r n p i k e s  i n  a  dichotomy of  v e h i c l e s  - c a r s ,  t r ucks -and  i n d i v i -  

d u a l  t o l l  c l a s s e s  were n o t  u sed .  These t u r n p i k e s  d i d  n o t  main- 

t a i n  t h e  d a t a  i n  a  computer ized form t h a t  would a l l o w  S e r i v a t i o n  

of t r a v e l  over  each  segment by i n d i v i d u a l  c l a s s .  Data from 

t h e s e  two r o a d s  was t a b u l a t e d  f o r  t h e  dichotomy by hand from 

summaries r e g u l a r l y  ma in t a ined  f o r  each r o a d .  T h e r e f o r e ,  t h e  

i n d i v i d u a l  t o l l  c l a s s e s  were n o t  used i n  t h e  p r o j e c t  and a r e  

n o t  d e f i n e d  h e r e .  The d e f i n i t i o n s  f o r  t h e  New York Thruway, 

Ohio Turnpike ,  and Pennsylvania  t u r n p i k e  a r e  g iven  below. 

Both t h e  Ohio and Pennsylvania  Ta rnp ikes  d e f i n e  t o l l  

c l a s s e s  b a s i c a l l y  by g r o s s  v e h i c l e  w e i g h t .  The t o l l  c l a s s e s  

used by t h e  Ohio Turnpike a r e  l i s t e d  i n  Table  C . 1 .  The c l a s s e s  

are  d e f i n e d  s o l e l y  cn  t h e  b a s i s  of we igh t  e x c e p t  t h a t  a l l  2 - a s l e  

v e h i c l e s  w i t h  t r a i l e r s  and a  g r o s s  combined we igh t  of  16 ,000  

pounds o r  l e s s  a r e  c l a s s  2 - even t h o s e  weighing l e s s  t h a n  

7 , 0 0 0  pounds. 

The c l a s s e s  used on t h e  P e n n s y l ~ r a n i a  Turnpike  a r e  l i s t e d  

i n  Tab le  C.2. & e i g h t  a l o n e  i s  used i n  Pennsy lvan ia .  

The t o l l  c l a s s  s t r u c t u r e  used on t h e  New York Thruway 

i s  c o n s i d e r a b l y  more compl i ca t ed .  The t o l l  c l a s s e s  a r e  d e f i n e d  

n o t  by w e i g h t ,  b u t  by a combinat ion of  numbsr of  a x l e s  and 

v e h i c l e  c o n f i g u r a t i o n .  The c l a s s i f i c a r r i o ~ l  i s  shown i11 Figul-2 

C . 1 .  I n  add i t i o r l  t o  t h e  3 nurncsic cat~gorics shown, v e h i c l e s  

u s i n g  p e r m i t s  a r e  coded PO i n  t h e  computer ized  t o l l  d a t a ,  and 

were combined w i t h  c l a s s  1 i n  t h i s  s t u d y .  C e r t a i n  combina t ion-  

v e h i c l e s  a re  g iven  two t i c k e t s .  These a re  shown a t  t h e  bot tom 

of t h e  f i g u r e .  



Class 

1 

2  

3 

4  

5 

6  

7  

8  

9 

Table C . 1  

OHIO TURNPIKE 

TOLL CLASSES 

Gross W e i g h t  ( l b . )  

0 -7 ,oOo * 
7 , 0 0 1 - 1 6 , 0 0 0  

1 6 , 0 0 1 - 2 3 , 0 0 0  

2 3 , 0 0 1 - 3 3 , 0 0 0  

3 3 , 0 0 1 - 4 2 , 0 0 0  

4 2 , 0 0 1 - 5 3 , 0 0 0  

5 3 , 0 0 1 - 6 5 , 0 0 0  

6 5 , 0 0 1 - 7 8 , 0 0 0  

7 8 , 0 0 1 - 9 0 , 0 0 0  

*Class 2 i n c l u d e s  a l l  2 - a x l e  v e h i c l e s  w i t h  t r a i l e r s  
i f  t h e  t o t a l  g r o s s  w e i g h -  d o e s  n o t  exceed 1 6 , 0 0 0  
pounds.  



Class 

I 

2 

3 

4 

5 

6 

7 

8 

9 

Table C. 2 

PENNSYLVANIA TURNPIKE 

TOLL CLASSES 

Gross Weight (lb) 

0-7,000 

7,001-15,000 

15,001-19,000 

19,001-30,000 

30,001-45,000 

45,001-62,000 

62,001-80,000 

80,001-100,000 

G W 7  100,000 By special permit only 



FIGURE C . l  

NEW YORK TlIRUWAY 
-f 

T A 6 3 1 2 4  11,"2! 
'L'OLL CLASSES 

! 

Vehicle Classifications on the Thruway System 
(Excopt Grand Island Bridges) 

A X L E S  

Clars 
Ptrrnit 

P a u t n l t r  car,  r u 5 u r b a n  or . 
m o t o r r y c l e  w t h  Permi t  --- 

1 p a u r n g e r  u r  f a ~ ,  %burban" 
a m b u l a n c e ,  m:lorcycle, h r a n e  

& L 1 g h t f r u c k . 2 a r I e s . 4 t i r e S  ' 

' STD. 1 VP.?.. 

& Tractor 2 axle 

a M o t o r  h o m r  2 axles. 4 t i r r s  

2 Car or 4 . t i r t  t r u c k  w i t h  i .axle 
t1;ittr 

& Tracto r  3 . a i l t  

3 

3 

AXLES 

+ 1  

t i  

* STD, 

2 

2 

2 

Ii 1 * l f2  
I 

( F i x t d  t o l l  ba r r ie rs )  
4 l o  

2 G 
;-:> ! , 3 r \ p o m t  : or 4 + l I 2  

2  0 
inclre a r i c s  

w i t n  5 3. T s r e  a r i t s  

3 c r  more  a:,€ t : a l e r  

~ b . 3 , ~  

0 

0 

0 

3 

6 ' : : " . l~eC' 

I !.actor 3 a ~ l c  w ~ t n  
s l n l l t  S a C d l t m ~ n l  

~ I : * S  6 ;,r!s 611: 
b..>l! 5As?:e-ow*: 

7 Tr1::.-1 t1a1 I t r  1 o, more  311es 

1 7 -  Tr~~;~;;~;;~r,~;j~,;s~~:~~ 

3 T a n d e m  I r a ~ l e r s  ( s e t  box )  

, 

4 a T r ~ c k ,  2 a x l a ,  6 t i res  

[_ M o t o r  h o m e ,  2 azles, 6 t i res  

BUS, 2 axles. 4 t ~ r e s  

' d r  o r  I t i r e  t ruck  
n l t h  1 ax le  t r a i t r  

5 T a n d e m  t r a ~ l t r s  (see box) 

6 [ T & ~ r a c t o r . b a ~ k r  3a. lr  

~ u t o  I r m w d t r ,  3,;zte 

~ d r  or 1 t l r t  t r u t h  w i t h  
3 a l l e  l r a t t t r  o& Tractor ~ $ 5 1 l e  h o m e  c o m b  I 

m i t h  4 i ~ l e s  

TIU:~. Z ~ i ! c s  6 11:s  w l h  
2 w r  t r i , l t r  

B u s  * I t7  3 i x l e s  

: C. mo:e a ~ i e  I r a  ie: 

0 

6 9 s  * i t h  4 or more  a l t e r  

fip& TIK:Y 3 axle w i th  : o ~ b ~ e  
i i ~ c ~ c n c s r t  

1l.C~ 2 2 I ' t  w l l r  Stfiglt 
51C: !TOUili 

2  

2 

2  

2 

2 

[ j  ruck 3 ! l ie * l t n  

- 

4 

4 

4 

&QQ ~.a: tc r  i J I I e ,  r i t n  doub le  
u:? ea:.?t 

- 1  
t l , ?  * 

0 

0 

0 8  

+2 
~ 

l L I D t M  T R A l l i R S  1 , ~  8e.s o r e z  23 !eel ~ r r  C t a u  5 l i a i l c o  28 t r c t  a n d  u n 3 r r  a re  i ~ a u  3 

1rs;:or w:th h o  l i q r  l r a i l c n  
b-L 

U f ~ l h  IIIII~I 8 ; t +  2 3 1 ~ ~ 5  4 I I ?~  
( U l l s  3 1U:tl) 

b o i l r  a n d  u m l  ( a v r f  55 h t c t a l l  

IZrJ !~ac:or mow 2 m a l l  , r a ~ l t r l  
(lno C:au  3 1 1 r r t h )  

. \ ,  
b 1 

+1 

t 1  

I) 

, d l  

+1 

t 1  

+ I  

+ I  

0 

+ 1  

+ 1  

+1 

t 1  

4 

*", T:,.CI 1 ar ie  w i th  ecun ie  
...---9 

$32<i?Tm2bqf 1 

, 3 

3 

3 

3 

3 

3 

3 

t1 ,2  

, 

~rv:k .  3 -az ie  

&&FJ T.adsr ,  ;.ail! * ~ t n  I a ~ i t  
r n o b ~ t e  home 

M 3 t o r  home.  3 axles 

T r u c r .  2 a i ies .  6 t i res, nt'l 
1.1rIt t ra i l e r  

w Bus. 2 a x l u .  6 t v t s  

T rac to r .  2 axle nth u n c l e  
1l3jitmounl 

Truck. 2 a ~ l t s .  6 ti'es w l l h  
wn [ le  u 6 ~ : e s ~ , ~ u n c  

l r c c k  ? ~ i l t s  6 t i res r ~ t F  
m a c n t t C  I i i i e  u " P c r  

t 1  I:! l..c!d.talI b a r r ~ t l  c a ' y l  

-1  
+1,2 

- 
0 

0 

+ 2  

+ 

+ 1  

0 

2 

2  

2 

2  

2 

2 

2  

2 

5 


