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• IN A CCMPANION paper, "Accident Analysis of an Urban Expressway" ( l ) , 
two of the authors present a study of the Interaction between influencing 
factors such as weather and l i g h t conditions on type of accident. This 
paper i s an e f f o r t to study I n d e t a i l driver behavior i n an urban express
way t r a f f i c pattern i n terms of ve l o c i t y , spacing, volume and character. 

Although the intent was to relate rear-end c o l l i s i o n s and t r a f f i c 
patterns somewhat a f t e r the fashion of Belmont (2) , the largest portion 
of the paper deals with t y p i c a l capacity information (3) . 

The data c o l l e c t i o n and reduction was similar t o that used by Green-
shields, et a l . {k). A camera was used to record t r a f f i c patterns on a l l 
six lanes of the Detroit John C. Lodge Expressway f o r eight consecutive 
days around the clock. 

Functional relationships were obtained for mean ve l o c i t y , median and 
modal spacing, lane d i s t r i b u t i o n , and commercial vehicle d i s t r i b u t i o n as 
a function of volume. A "trend" relationship between annual rear-end 
c o l l i s i o n rate and volume at time of accident was also established. Quan
t i t a t i v e information on the effect of r a i n and night driving conditions 
on vehicle velocity was determined. 

EXPRESSWAY GEOMEJTRY 
This study was performed i n June 1957* The expressway system con

sisted of the John C. Lodge running approximately north and south and I n 
tersected near i t s midpoint by the Edsel B. Ford rimning approximately 
east and west. The system i s shown In Figure 1. The location of the 
camera on the John C. Lodge i s aJ.so shown. The Immediate geometry near 
the camera location Is shown i n Figure 2. I t was approximately midway 
between the Grand River and Forest ramps, a distance of O.63 mi. This 
location was p a r t i c u l a r l y chosen to be as remote as possible from ramp 
effects. 

The cross-section of the Lodge Expressway includes three 12-ft lanes 
i n each direction with a 10-ft medial s t r i p and two 10-ft shoulders. 

DATA COLLECTION 
A Cine Special camera modified to a speed of 88 frames per minute 

was moiinted on the roof of a 1^4—story building overlooking the express
way. Figure 3 shows the camera i n position while the details of the mech
anism are shown i n Figure k. A t y p i c a l frame i s shown i n Figiire 5. Ref
erence space markers can be seen alongside each cvccb lane. These were 
made of r e f l e c t i n g tape and spaced exactly 30 f t apart. These markers 
were then used to construct a g r i d which permitted reading o f f car posi
tions to approximately -g- f t . The f i l m reader developed by the Ford Motor 
Company I s shown i n Figure 6. The f i l m viewer's ground-glass cover i s 
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Figure 1. 

marked with g r i d lines by which distance between cars and the ve l o c i t y of 
each vehicle may be determined readily. The type of vehicle—passenger, 
truck, bus—was aJ.so recorded. A l l t h i s information was placed on IBM 
cards f o r processing on the LBM 650 computer. 

Film records were taken each hour f o r 5 min, 2k hr per day and fo r 
eight consecutive days which included one Saturday and Sunday. Fortunate
l y , some r a i n f e l l during t h i s time so that t h i s e f f e c t could be evaluated. 
In a l l , about 6k,000 vehicles were recorded on IBM cards. 

RESULTS 
The f i r s t graph. Figure 7, shows the percentage d i s t r i b u t i o n by lane. 

Each p l o t t e d point represents an average of approximately four ^-mln sam
ples, i . e . , volumes based on 5-min photographic records were grouped into 
approximately equal volimies and the average of t h i s group determined the 
value of the abscissa. Similarly, percent of volume i s also the mean of 
the several samples. I t can be seen that the middle lanes carry over kO 
percent of the three-lane volimie while curb lanes carry s l i g h t l y more than 
31 percent and median lanes carry almost 29 percent. 

These same samples were fxirther analyzed f o r the character of the 
t r a f f i c . I n Figure 8 the d i s t r i b u t i o n of commercial vehicles per lane 
as a function of volimie i s shown. The commercial t r a f f i c reaches a high 
value of 13 percent during low volumes and i s reduced t o about 2 percent 
at rush hours. As woiild be expected the other two lanes carry much less 
commercial t r a f f i c , about 3 percent at the most. 
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24 HOUR A V E R A G E S 

C U R B L A N E S : 31.1 % O F T O T A L V O L U M E 
AT 4 4 . 7 M I L E S P E R HOUR 

MIDDLE L A N E S : 4 0 . I % O F TOTAL VOLUME 
AT 4 8 . 8 M I L E S P E R HOUR 

MEDIAN L A N E S : 2 8 . 8 % O F TOTAL VOLUME 
AT 4 9 . 9 M I L E S P E R HOUR 
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Figure 7. Volume d i s t r i b u t i o n of a l l vehicles by lane, northbound and 
southbound—John C. Lodge Expressway (normal weekday t r a f f i c , 6 A.M. 

through 7 P.M., dry pavement, June 1957). 

Velocity d i s t r i b u t i o n was obtained f o r a l l lanes and volimies. A 
t y p i c a l result i s shown i n Figures 9 and 10 f o r medium and heavy t r a f f i c 
on the middle lanes. I t can be seen that the d i s t r i b u t i o n i s close to 
normal. The curves drawn represent the optimum normal d i s t r i b u t i o n that 
could be f i t t e d t o the experimental information. The Detroit expressway 
system has a posted speed l i m i t of 55 niph a- mlnlrmim l i m i t of ko mph. 

Throughout t h i s study, emphasis was placed on describing t r a f f i c be
havior by mathematical relationships. The advantages are obvious. For 
one thing, a systems approach may then be used i n further analysis. I n 
Figure 11, the mean velo c i t y of passenger vehicles as a function of three-
lane volume i s plotted. The data represent samples Including almost 3^,-
000 vehicles. I n t h i s , as i n a l l the ciirves shown i n t h i s paper, each 
plotted point represents an average of four to eleven 5-min samplings. 
Further, each point represents the average of a volume class i n t e r v a l of 
300 vph. The j u s t i f i c a t i o n f o r a parabolic relationship has been sug
gested by other authors (5^). Basically, i t depends on a linear r e l a t i o n 
ship between density and mean velocity. A check of t h i s relationship was 
made and although i t i s not quite l i n e a r , i t i s very closely so. The data 
show the largest deviation from a straight l i n e above about 52 iirph. As
suming t h i s approximate l i n e a r i t y , and because the curve must go through 
the o r i g i n , a least square f i t was made t o the data. The relationship on 
the curve shows how mean ve l o c i t y may be predicted from volume. The sin
gle-sample point i s in t e r e s t i n g . I t was obtained during a p a r t i c u l a r l y 
congested s l t i i a t i o n on the expressway caused by rush-hour t r a f f i c combln-
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F i g i i r e 10. Passenger v e h i c l e v e l o c i t y d i s t r i b u t i o n , northbound and 
southbound middle l a n e s — J o h n C. Lodge Expressway (normal weekday t r a f 

f i c , 6 A.M. through 7 P.M., dry pavement, Jime 1957)-

i n g w i t h t r a f f i c l e a v i n g a f t e r the end o f a D e t r o i t "Tiger" b a s e b a l l game. 
Althoxagh a s i n g l e '^-vaxa. sample would be s t a t i s t i c a l l y o f low r e l i a b i l i t y , 
i t nevertheless shows t h a t a maximum cap a c i t y e x i s t s . This maximum capac
i t y i s a t the v e r t e x o f the parabola and i n d i c a t e s a value o f 8,250 vph 
t r a v e l i n g a t a mean v e l o c i t y o f about 27 mph. 

The same type o f r e l a t i o n s h i p s were found f o r the i n d i v i d u a l lanes, 
i . e . , curb, middle and median. 

Using the same volume class i n t e r v a l s , the medism spacing (50 per
c e n t i l e ) was computed as shown i n Figure 12. The r e l a t i o n s h i p is"hyper
b o l i c and i s represented by the mathematical f u n c t i o n shown I n the f i g u r e . 
I t i s t o be noted t h a t the l e a s t square f i t i s poor a t the very low v o l 
umes. However, t h i s r e g i o n i s of very l i t t l e p r a c t i c a l value and, f u r 
thermore, the data i n t h i s r e g i o n represent only about two or t h r e e sam
p l e s and a mean has l i t t l e s t a t i s t i c a l s i g n i f i c a n c e . I n other words, i t 
was deemed unnecessary t o f i t a higher order curve j u s t t o o b t a i n a b e t 
t e r f i t i n a r e l a t i v e l y unimportant r e g i o n where the data are also l e s s 
r e l i a b l e . Again, s i m i l a r r e l a t i o n s h i p s were found f o r the i n d i v i d u a l 
lanes. 

Probably o f more importance i s the modal (most f r e q u e n t ) spacing be
tween v e h i c l e s . I t was decided i n studying the data t h a t probably the 
best f i t t o the data woizld be obtained by two l i n e a r r e l a t i o n s h i p s i n t e r -
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a l l lanes combined—John C. Lodge Expressway (normal weekday t r a f f i c , 6 

A.M. through 7 P«M., dry pavement, June 1957)-
s e c t i n g somewhere between a volume of 1,000 and 2,000 vph. The j u s t i f i c a 
t i o n f o r t h i s b e l i e f a r i s e s from the f a c t t h a t a Poisson (6,7) spacing 
d i s t r i b u t i o n f i t i n the low volume re g i o n was probable, whereas beyond ap
prox i m a t e l y a v o l m e of 1,000 vph the d i s t r i b u t i o n was no longer o f t h i s 
t y pe. The r e l a t i o n s h i p between modal spacing and volume i s shown i n F i g 
ure 13. The break p o i n t appears t o occur a t a volume o f 1,250 vph. As 
i n the preceding data, the modal spacing was also broken down by lane w i t h 
s i m i l a r r e s u l t s . The "break" volimes were 1,000, 1,750 and 1,700 vph f o r 
the curb, middle and median lanes, r e s p e c t i v e l y . Much gre a t e r v a r i a b i l i t y 
i n the i n d i v i d u a l lane data was apparent below the "breaJs" volumes. A l l 
the above volumes are r e f e r r e d t o the t o t a l three-lane volime. 

Of p r a c t i c a l i n t e r e s t i s t h e r e l a t i o n s h i p between modal spacing and 
mean v e l o c i t y . I n any automatic spacing c o n t r o l system t h i s r e l a t i o n s h i p 
woTild be u s e f i i l i n e s t a b l i s h i n g design c r i t e r i a and s t i l l be acceptable 
t o the l a r g e s t number o f d r i v e r s . This r e l a t i o n s h i p i s shown i n Figure 
l i + . I t i s cons t r u c t e d d i r e c t l y from the e m p i r i c a l mean v e l o c i t y (volume 
curve i n Figure 11) and the e m p i r i c a l modal spacing (volime curve i n F i g 
ure 13). There i s a d i s c o n t i n u i t y i n the cujrve o f Figure ik because o f 
the d i s c o n t i n u i t y i n the modal spacing—volume curve near 1,250 vph. 
Mathematical f u n c t i o n s are also shown i n the f i g u r e t h a t permit p r e d i c t i o n 
o f the most frequent spacing i f the mean v e l o c i t y i s known. 

The v e h i c l e spacing was also analyzed i n t e m s of ti m e , i . e . , the 
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Figure 12. Passenger v e h i c l e median spacing, northboimd and southbound, 
a l l lanes combined—John C. Lodge Expressway (normal weekday t r a f f i c , 6 

A.M. through 7 P.M., dry pavement, June 1957)-
distance t o the v e h i c l e i n f r o n t d i v i d e d by the v e l o c i t y of the f o l l o w i n g 
v e h i c l e . The r e s u l t I s a l i n e a r r e l a t i o n s h i p between time spacing and 
three-lane volimie as shown i n F i g i i r e 15. At volumes below 1,000 vph the 
l a r g e v a r i a b i l i t y o f dlstemce spacing and v e l o c i t y produced no meaningful 
i n f o r m a t i o n . I n general, time spacing decreases l i n e a r l y w i t h Increase 
i n vol-ume. 

I t i s a g e n e r a l l y accepted f a c t t h a t t he mean r e a c t i o n time o f a 
d r i v e r i n a p p l i c a t i o n o f brakes i s about 0.7 sec (8). The time spacing 
data were analyzed t o determine the number o f d r i v e r s t h a t space them
selves a t 0.9, 0.7 and 0.5 or les s seconds. The data, as a f u n c t i o n o f 
three-lane volume, were f i t t e d t o curves as shown i n F i g i i r e l6. The 0.9-
and 0.7-sec curves are p a r a b o l i c ; but the 0.5-sec ciirve i s l i n e a r and i n 
dicates t h a t about I percent o f d r i v e r s use a spacing ^ sec or l e s s i r 
r e s p e c t i v e o f the volume. 

Another i n t e r e s t i n g f a c e t developed from the time spacing data. I t 
was found t h a t t r a f f i c behavior i s somewhat analogous t o the charging o f 
an e l e c t r i c a l c a p a c i t o r . Thus, i n Figure 17 a f a m i l y of curves showing 
cumulative percentage o f volume as a f u n c t i o n o f time spacing w i t h v o l 
ume as a parameter were f i t t e d t o the data. The l a r g e s t d e v i a t i o n o f 
data from the curve was found a t the highest volume and was not l a r g e r 
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Passenger v e h i c l e modal spacing, northbound and southbound, 
combined—John C. Lodge Expressway (normal weekday t r a f f i c , 6 
A.M. thr o i i g h 7 P.M., dry pavement, June 1957). 

than 10 percent. The d e v i a t i o n between e m p i r i c a l data and the l e a s t square 
f i t diminished as the volume decreased. 

For example, a t a volume o f 3,000 vph i t i s expected t h a t 'jk percent 
of E i l l v e h i c l e s w i l l be spaced a t k sec or l e s s . The mathematical func
t i o n t h a t describes the data i s o f the form 

Cimulative Percentage = (1 - S - ^ V A ) . 

I t i s , o f course, dangerous t o i n t e r p r e t t h i s equation l i t e r a l l y as exact
l y t he same as t h a t d e s c r i b i n g the charging o f a capac i t o r i n a se r i e s 
capacitance-resistance c i r c u i t because the " t " i n Figure I 7 i s not an i n 
dependent v a r i a b l e , i . e . , the cimiulative percentage i s not changing con
t i n u o u s l y as a f u n c t i o n o f t i m e . However, i t i s i n t e r e s t i n g t o draw the 
analogy t h a t the constant "A" corresponds t o the capacitance "C" o f a 
ca p a c i t o r and vol\jme (V) corresponds t o the c o n d u c t i v i t y — r e c i p r o c a l o f 
r e s i s t a n c e — o f the r e s i s t o r . 

The data discussed thus f a r were s p e c i f i c a l l y f o r t r a f f i c behavior 
on dry pavement p r i m a r i l y because r a i n data during the p e r i o d of observa
t i o n were l i m i t e d . However, a reasonable nimber (seven) o f ̂ -mln samples 
were taken t o e s t a b l i s h the e f f e c t o f r a i n on the mean v e l o c i t y f o r the 
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same volumes t h a t were measured during d r y c o n d i t i o n s , 
t h i s i n f o r m a t i o n according t o lane. 

TABLE 1 

Table 1 summarizes 

Change i n Mean 
Lane V e l o c i t y Due t o Rain 

Curb -8.7 
Middle -8.6 
Median -12.1̂  

S i m i l a r comparison was made between day and n i g h t d r i v i n g d u r i n g sim
i l a r volumes. This i n f o m a t l o n i s given i n Table 2. 

TABLE 2 

Change i n Mean 
Lane V e l o c i t y a t Night 

Curb -h.3 
Middle -k.h 
Median -6.6 
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No d i f f e r e n c e e x i s t e d i n mean v e l o c i t y a t s i m i l a r volumes between 
weekday and weekend d r i v e r s . 
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REAR-END COLLISIONS 
This paper r e p o r t s i n d e t a i l p r i m a r i l y the r e s i a l t s o f daytime, week

day main roadway t r a f f i c behavior. Because of t h i s , o n ly the rear-end 
c o l l i s i o n s d u r i n g 1956 t h a t occurred under these c o n d i t i o n s were used i n 
studying c o r r e l a t i o n between these accidents and d r i v e r behavior. A t o t a l 
of 223 rear-end c o l l i s i o n s were r e p o r t e d on the Lodge Expressway du r i n g 
1956, but only IO9 as Table 3 shows, matched the c o n d i t i o n s o f t h i s study. 

TABLE 3 

Time Northbound Southbound T o t a l 

6 A.M. - 12 Noon 6 3h 1̂ 0 
12 Noon - 7 P.M. 11 

IT 
58 
92 

69 
109 

However, a l l d r y pavement, weekday rear-end c o l l i s i o n s were used t o 
show the percentage of these rear-end c o l l i s i o n s as a f i m c t i o n of hour o f 
day (Figs. 18 and I9). 

An attempt was also made t o e s t a b l i s h a " t r e n d " curve between r e a r -
end c o l l i s i o n s and volime. A sample of I09 accidents appears too small 
t o e s t a b l i s h s t a t i s t i c a l s i g n i f i c a n c e of the r e l a t i o n s h i p . Nevertheless, 
a regression l i n e was e s t a b l i s h e d f o r the data representing number o f 
rear-end c o l l i s i o n s annually d u r i n g d a y l i g h t and the v o l m e a t time o f 
axjcldent. This i s shown i n Figure 20. Three p o i n t s r e p r e s e n t i n g n i g h t 
rear-end c o l l i s i o n s under otherwise s i m i l a r c o n d i t i o n s are p l o t t e d f o r 
comparison. The r e l a t i o n s h i p shown i s o f necessity dependent on the v o l 
ume d i s t r i b u t i o n , i . e . , the percentage o f time a given volume would be 
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Flgxire l8. Volume and rear-end c o l l i s i o n d i s t r i b u t i o n — J o h n C. Lodge Ex
pressway, southbound (normal weekday t r a f f i c , d ry pavement, June 1957). 
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Figure 19. Volume and rear-end c o l l i s i o n d i s t r i b u t i o n — J o h n C. Lodge Ex
pressway, northbound (normal weekday t r a f f i c , d ry pavement, June 1957). 

expected. This d i s t r i b u t i o n i s also p l o t t e d on the same f i g u r e . Using 
p r e v i o u s l y e s t a b l i s h e d r e l a t i o n s h i p s between volume and mean v e l o c i t y , 
rear-end c o l l i s i o n s could be r e a d i l y p l o t t e d as a f u n c t i o n o f mean ve
l o c i t y . 
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F l g i i r e 20. Rear-end c o l l i s i o n s vs volume when c o l l i s i o n occurred—John 
C. Lodge Expressway (nonnal weekday t r a f f i c , dry pavement, June 1957). 
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