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E X P R E S S W A Y R O U T E S E L E C T I O N AND 

V E H I C U L A R U S A G E 

R. M. BROWN, i 4 s s i s t o n t E n g i n e e r of Road Design. 
State Highway Commission of Indiana 

SYNOPSIS 

From experiences gained ui conducting three cooprehensiTe Origin and Destination 
Surveys f o r the State Highway Connission of Indiana and the subsequent preparation of 
T r a f f i c Survey and Highway Plan Reports, this paper presents the development of e f fec
t ive methods fo r the selection of urban expressway routes and the determination of 
the i r percent of usage by vehicles. 

The selection of expressway routes, because of the intr icacies involved, cannot 
be expressed in mathematical terms, but rather must consider the major desire l ine 
graphs as the primary basis f o r selection coordinated wi th an intimate knowledge of 
the c i t y applied to land use, Sanborn and c i t y maps, aer ia l photographs and an inten
sive f i e l d reconnaisance. 

The extent to which vehicles w i l l use the expressway is shown to depend on the 
"expressway distance" (the length of the expressway portion of the t r i p ) , the "access 
distance" (the length of c i t y streets used to enter and leave the expressway in con
nection with a t r i p ) , and the "adverse distance" (the increased distance required fo r 
the t r i p via the expressway as compared to a more direct route using the c i t y streets) . 
Speeds oa the expressway were assumed as twice those on c i t y streets. From these con
ceptions the expression 

[ ' l ^ ' 2 ] X '3 
P 100 
where ' ~ Percent of expressway usage, 

f l - Factor based on "expressway d i s t a n c e , " 
2̂ ~ Factor based on "access d i s t ance , " and 
'̂3 - Factor based on "adverse distance", 

provides a ra t ional method for computing the actual percent usage of expressway. Labor
ious calculations involved in the application of the formula are eliminated by the use 
of a graph or mechanical device developed m connection with the study. 

The methods reported i n t h i s paper f o l - other engineers engaged i n t h i s f i e l d , 
low f r o m p e r s o n a l expe r i ence gained m The comple t ion o f the comprehensive 
conducting three comprehensive o r i g i n and o r i g i n and d e s t i n a t i o n survey and the 
d e s t i n a t i o n surveys f o r the Sta te Highway T r a f f i c Survey Report con ta in ing a l l the 
CkHnnission o f Indiana i n c i t i e s w i t h popu- basic data , t a b l e s , d e s i r e l i n e graphs, 
l a t i o n s between 120,000 and 400,000 and and kindred items brings the planner face 
the subsequent p r e p a r a t i o n o f a b a s i c to face imnediately w i t h t w o a l l important 
t r a f f i c Survey Report and a Highway Plan ques t i ons : Where shou ld the routes be 
Report f o r each c i t y . I n connection w i t h located^ How many vehicles w i l l use them? 
a l l o f t h i s work, i t has been our p rac t i ce For the purposes o f t h i s d i s c o u r s e , we 
t o review a l l a v a i l a b l e s i m i l a r r e p o r t s w i l l assume the c i t y i n ques t i on has a 
f o r o the r c i t i e s and seek the counsel o f popula t ion exceeding 100,000 and the an-
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tici cipated volumes o f t r a f f i c over a f u t u r e 
20 year per iod w i l l require the expressway 
type o f f a c i l i t y . 

EXPRESSWAY ROUTE SELECTION 

The s e l ec t i on o f routes tKat w i l l ca r ry 
the t r a f f i c most e f f i c i e n t l y and a f f o r d 
the greatest amount o f r e l i e f a t the low
e s t comparable costs , presents a complex 
challenge to the planner. Patterns deve l 
oped f o r other c i t i e s , i f ava i l ab l e , w i l l 
a i d immeasurably i n v i s u a l i z i n g c e r t a i n 
p o s s i b i l i t i e s f o r the c i t y i n ques t i on . 
Q i r s tudies to the present time i n d i c a t e 
scant oppor tun i ty f o r i s o l a t i n g the sever
a l involved complex phases i n to mathemati
ca l expressions which w i l l e s t ab l i sh even 
approximate l o c a t i o n s . Rather , we have 
been compelled to b r i n g i n t o the p i c t u r e 
every conceivable t o o l t ha t would a i d i n 
the coordinat ion o f the c i t y s t r e e t system 
as i t e x i s t s w i t h d a r i n g a l t e r a t i o n s and 
a d d i t i o n s as d i c t a t e d by survey t r a f f i c 
pa t te rns . The elements absolu te ly essen
t i a l t o the d e t e r m i n a t i o n o f the f i n a l 
rou tes inc lude an i n t i m a t e knowledge o f 
the c i t y appl ied to the major desire l i n e 
graphs, land use, Sanborn and c i t y maps 
and a e r i a l photographs. 

A mental p i c t u r e o f the c i t y gained 
d u r i n g the f i e l d survey and subsequent 
a n a l y t i c a l s tudies w i l l provide the most 
des i rab le background f o r the p r e l i m i n a r y 
se lec t ion o f f ea s ib l e l i n e s . A large c i t y 
map suspended from the w a l l w i l l r e f r e s h 
the memory as , i n c o n n e c t i o n w i t h the 
major d e s i r e l i n e graph, we observe the 
va r ied pat terns and prepare to choose the 
dominant cen te r l i n e s . The expressway 
type o f f a c i l i t y becomes d e s i r a b l e f o r 
movements exceeding 20,000 veh ic les per 
24-hr . per iod and we therefore examine the 
graph and de l inea te the t h e o r e t i c a l cen
t e r l i n e s o f the t r a f f i c bands which w i l l 
equal o r exceed t h i s minimum f o r the de
s ign per iod o f 20 years. Narrow s t r i p s o f 
d ra f t sman ' s tape o f f e r an e x c e l l e n t mode 
o f showing these center l i n e s . Tlie selec
t i o n o f center l i n e s ^ i c h codibine two or 
more bands should be given every consider
a t i o n . Lines which can be e a s i l y recog
n i z e d as i n f e a s i b l e because o f c e r t a i n 
known pnysical b a r r i e r s should be d i sca rd-
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ed and e f f o r t s concentrated on subs t i tu t e 
combinat ions . The basic survey data i n 
t h i s graphic form depicts the t heo re t i c a l 
pat terns and the re fo re demands a maximum 
o f cons idera t ion . Throughout the l oca t ion 
s t u d i e s i t w i l l be necessary t o r e f e r 
c o n t i n u a l l y t o these t r a f f i c band p a t 
t e rns , i n order t o guard against extreme 
devia t ions as successive obstacles a r i s e . 

The t r a n s f e r o f these basic l i n e s t o 
the land use map involves very c a r e f u l a t 
t e n t i o n t o the c h a r a c t e r i s t i c s o f each 
sec t ion o f the c i t y to be t raversed. The 
planner attempts to locate these routes i n 
such a manner as to insure maximum use o f 
vacant, low value and decadent p roper ty , 
so tha t the r i g ^ t o f way cost and d i s rup
t i o n o f the c i t y may be he ld t o a m i n i 
mum. I n o rder t o make use o f e x i s t i n g 
s t r e e t s as s e r v i c e roads, cen te r l i n e s 
should be located p re f e r ab ly a t the center 
o f the b l o c k o r , i n the case o f wide 
blocks , between one s t r e e t and the a l l e y 
or p rope r ty l i n e i n such a manner as to 
provide a minimum r i g h t o f way w i d t h o f 
300 f t . Since the survey t r a f f i c s t a 
t i s t i c s i n some cases show t h a t approx i 
mately 50 percent o f a l l veh icu la r t r i p s 
t raverse some p a r t o f the c e n t r a l bus i 
ness area , the planner w i l l be r equ i r ed 
to locate the routes e s s e n t i a l l y approach
i n g i t s c e n t e r . We recognize the v i t a l 
need f o r an ample system o f c o l l e c t i o n 
and d i s t r i b u t i o n s t r e e t s and the u t t e r 
i m p o s s i b i l i t y from an economic standpoint 
o f a c q u i r i n g c o s t l y business e s t a b l i s h 
ments and consequen t ly the a t t e m p t i s 
made t o traverse w i t h i n 5 t o 6 blocks o f 
the c e n t r a l p o i n t . T h i s d i s t a n c e w i l l 
u s u a l l y a v o i d t he a b s o r p t i o n o f main 
thoroughfares as se rv ice roads, and thus 
pe rmi t the main a r t e r i e s as w e l l as the 
new f a c i l i t y t o serve the c i t y more e f 
f e c t i v e l y . 

The s e l e c t i o n o f both p o t e n t i a l and 
f i n a l routes should be based on r e l i a b l e 
survey data and sound eng inee r ing p r i n 
c i p l e s r a t h e r than preconceived opinions 
o r p e r s o n a l p r e j u d i c e s . The p l a n n e r 
should i n no way be i n f l uenced by knowl
edge o f a c t u a l names o f p rope r ty owner
sh ip a long the several rou tes . Cemeter
i e s , s u b s t a n t i a l churches, and schools 
must be avoided i n s e l e c t i n g the routes . 
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A v e r i t a b l e l a b y r i n t h o f l i n e s w i l l thus 
be developed from which the f i n a l system 
must be evolved. 

An i n t e n s i v e e x a m i n a t i o n o f these 
l i n e s w i l l reveal c e r t a i n pat terns which 
have p o s s i b i l i t i e s o f d e f i n i t e considera
t i o n f o r the u l t i m a t e r o u t e s . For the 
normal c i t y o f t h i s c l a s s , the system 
w i l l usua l ly require two major routes ap
p r o x i m a t e l y a t r i g h t angles w i t h each 
o t h e r and, i n gene ra l , p a r a l l e l i n g the 
e x i s t i n g s t r e e t s . E n l a r g e d o b l i q u e 
a e r i a l photographs taken as an e s sen t i a l 
p a r t o f the survey w i l l prove an i n v a l u 
able a i d t o the s tudy and s e l e c t i o n o f 
the most d e s i r a b l e l i n e s . Sanborn maps 
p r o v i d e d e t a i l e d i n f o r m a t i o n f o r each 
block i n the c i t y . C i t y p l a t maps supply 
n e c e s s a r y s t r e e t , a l l e y , and b l o c k 
w i d t h s . A comprehensive coord ina t ion o f 
the a e r i a l photographs and maps by the 
p l a n n e r se rves t o e l i m i n a t e p o s s i b l e 
l i n e s and es tab l i sh several groups o f po
t e n t i a l routes worthy o f exhaust ive ex
amina t i on . 

In preparat ion f o r f i e l d i n v e s t i g a t i o n 
these l i n e s are reproduced on combined 
sec t ions o f pho tos t a t i c reproductions o f 
Sanborn maps ( s c a l e 1 i n . ' 100 f t . ) . 
F i e l d maps prepared i n t h i s way he lp the 
i n v e s t i g a t o r t o i d e n t i f y an area q u i c k l y 
and serve as a cons tan t reminder o f the 
na tu re o f the area. A l t e r a t i o n s i n the 
l ines as d i c t a t ed by the f i e l d s tudies can 
l>e shown i n red on these maps f o r f u t u r e 
use i n the o f f i c e . L i b e r a l time should be 
a l l o t e d to t h i s reconnaisance i n order tha t 
the number o f p o t e n t i a l l i n e s can be r e 
duced t o the absolu te minimum f o r f i n a l 
c o n s i d e r a t i o n and comparat ive s t u d i e s . 
By f i e l d observations i n cou iec t ion w i t h 
our route studies i n South Bend-Mishawake, 
I n d i a n a w i t h a combined p o p u l a t i o n o f 
140,000, we f i n a l l y ru l ed out a l l p a r a l 
l e l l i n e s w i t h the except ion o f a 2 -mi l e 
s e c t i o n which i n v o l v e d the a l t e r n a t e o f 
a c q u i r i n g e i t h e r a r e s t r i c t e d r a i l r o a d 
r i g h t - o f - w a y w i t h a minimum o f r e s iden 
t i a l property or adequate r i ^ t - o f - w a y i n 
a p a r a l l e l l oca t i on w i t h a greater amount 
o f r e s i d e n t i a l p roper ty . The coitf iarat ive 
s t u d y r e v e a l e d a s a v i n g i n c o s t o f 
3100,000, and a l a r g e r percent o f v e h i 
c u l a r usage f o r the l a t t e r r o u t e . The 

s e l e c t i o n o f the f i n a l routes i n p r e f e r 
ence t o a l t e rna t e p a r a l l e l l i n e s can, i n 
many cases, be determined by o f f i c e and 
f i e l d observa t ions o f the r e l a t i v e p r o 
per ty values, the advantages o f more ade
quate access p o i n t s , the a d a p t a b i l i t y o f 
e x i s t i n g s t r e e t s f o r se rv ice roads, the 
g r e a t e r p o t e n t i a l v e h i c u l a r usage, and 
the lesser cons t ruc t ion costs . For cases 
where uncer ta in ty e x i s t s , exhaustive com
p a r a t i v e s tud ie s should be performed i n 
which the r e l a t i o n o f b e n e f i t s t o cos ts 
should be g iven f u l l c o n s i d e r a t i o n . I n 
our s t u d i e s up t o the p resen t t ime we 
have had no mtgor case i n which an ac tua l 
b e n e f i t - c o s t r a t i o s tudy was app l i ed t o 
the p re l iminary s e l ec t i on o f l i n e s . How
ever, f o r the f i n a l routes, we have e v a l 
uated a n t i c i p a t e d b e n e f i t s i n monetary 
terms f o r t ime saved and r e d u c t i o n i n 
a c c i d e n t s . 

I n general the d i r e c t representa t ives 
o f the s e v e r a l a f f e c t e d gove rnmen ta l 
u n i t s w i l l have co l labora ted i n the f i n a l 
stages o f the l i n e s e l e c t i o n t o give i n 
f o r m a l a p p r o v a l t o t h e f i n a l r o u t e s . 
Formal a p p r o v a l shou ld be ga ined i n a 
subsequent conference w i t h the respons i 
ble o f f i c i a l s . I t i s our l a t e s t p rac t i ce 
to arrange conferences w i t h the e d i t o r s o f 
the newspapers f o r a preview o f our p r o 
posed routes so tha t , i f possible , we gain 
t h e i r t e n t a t i v e approva l . I n a l l these 
conferences we request tha t plans exhibi-^ 
ted and discussed be he ld i n s t r i c t c o n f i 
dence pending approval o f the f i n a l r epor t 
a t some l a t e r d a t e . The acceptance o f 
t h i s phase o f the p r o j e c t by responsible 
o f f i c i a l s paves the way f o r the next v i t a l 
step i n the eva lua t ion o f the system, tha t 
o f d e t e r m i n i n g the expec ted v e h i c u l a r 
usage o f the f a c i l i t y . 

VEHICULAR U5ACE OF THE EXPRESSWAY 

L i deve lop ing the proper l o c a t i o n o f 
the expressway to serve the la rges t volume 
o f veh icu la r t r a f f i c , we are faced w i t h a 
number o f f ac to r s which in f luence i t s per
cent o f usage. The c i t y s t ree t s w i l l con
t inue t o ca r ry a l l shor t t r i p s and others 
which c o u l d u t i l i z e the expressway f o r 
only a short distance ( less than one h a l f 
m i l e ) as w e l l as those t r i p s f o r which ad-
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verse distance would be a p r o h i b i t i v e fac 
t o r . "Die expressway w i l l c a r r y v a r y i n g 
percentages o f a l l o the r types o f t r i p 
dependent on t h e i r course w i t h respect to 
the f a c i l i t y and the s e r v i c e a b i l i t y o f 
the e x i s t i n g s t r e e t system. O i our i n i 
t i a l p r o j e c t , t r a f f i c f lows were develop
ed by an experienced recorder choosing a 
pe rcen t o f usage by persona l judgment . 
He was guided by an in t imate knowledge o f 
the c i t y , the assumption o f a 2 :1 speed 
r a t i o on the expressway as compared w i t h 
c i t y s t r e e t s and, f rom v i s u a l inspec t ion 
o f the map, by the r e l a t i v e dis tance v i a 
the expressway and n o m a l s t r e e t r o u t i n g . 
Hie recorder in t e rp re t ed the 2 :1 r a t i o t o 
mean tha t where the time v i a the express
way equa l l ed the time v i a a more d i r e c t 
rou te , 50 percent o f the t r i p s would use 
the expressway; and o n l y i n the case 
where the time v i a the expressway was one 
h a l f t h a t by any o the r rou te would 100 
percent o f the t r i p s be considered to use 
i t . Between these l i m i t s p ropo r t i ona t e 
pe rcen tages o f expressway usage were 
determined dependent on the r e l a t i v e time 
r a t i o s . 

We soon recognized t h a t t h i s method 
f a i l e d to i nc lude a l l f a c t o r s a f f e c t i n g 
the movements but ra ther that i t depended 
almost e n t i r e l y on the good judgment o f 
the engineer pe r fo rming the t a b u l a t i o n . 
In the preparat ion o f subsequent repor ts , 
i t was t h e r e f o r e decided to explore the 
p o s s i b i l i t i e s o f an e m p i r i c a l f o r m u l a 
which, regardless o f the recorder, would 
produce the same r e s u l t s . This research 
l ed us to the conclusion tha t percent o f 
usage i s governed by three p r i n c i p a l f a c 
to rs which we designated as F^, F2 and F3. 

f J i n v o l v e s the d i s tance f o r which a 
g iven t r i p can use the expressway. F2 
considers the r e l a t i o n s h i p between t h a t 
d i s t a n c e and the t o t a l l e n g t h o f t r i p . 

i s concerned w i t h the ex t ra or adverse 
d i s t ance necessary t o reach and use the 
expressway. 

A f t e r considerable d i scus s ion , t r i a l 
and experiment i t was determined t h a t 
r a t e d equal i n importance t o the combi
na t ion o f F j and F2 and, f u r t h e r , tha t F i 
was more important than Fn by a r a t i o o f 
7 :3 . Optimum values o f 70, 30, and 100 
respec t ive ly were there f o r t assigned and 

the composite f a c t o r , F, f o r the u l t ima te 
percent o f usage set up as: 

(F, + F , ) x F , 

100 

The e s s e n t i a l d is tances p e r t i n e n t to 
p o t e n t i a l expressway t r i p s and necessary 
to develop formulae f o r the severa l f ac 
tors were: 

a = Expressway distance, the length i n 
m i l e s o f the expressway p o r t i o n o f the 
t r i p . 

b - Access d i s t a n c e , the l e n g t h i n 
mi les o f the c i t y s t r e e t p o r t i o n o f the 
t r i p . 

c ' S t r ee t d i s tance , the t o t a l l ength 
o f t r i p i n mi les by the most advantageous 
route us ing only c i t y s t ree t s . 

From these distances: 
a + 6 = t o t a l l eng th o f t r i p v i a the 

expressway and 
o + 6 - c = Adverse distance - t; 
Factor F j r e f l e c t s on ly the i n f l u e n c e 

which expressway d is tance exe r t s on the 
p e r c e n t o f usage. We r ecogn ized t h a t 
there w i l l be a c e r t a i n amount o f incon
venience i n e n t e r i n g and l e a v i n g an ex
pressway, r e l a t i v e l y important f o r shor t 
b u t o f minor consequence f o r l o n g ex
pressway d i s tances . D r i v e r s would tend 
to weight the bene f i t s against the incon
veniences invo lved and would, i n va ry ing 
degrees, choose to use the expressway. 
I n l i g h t o f t h i s concept ion i t was our 
consensus tha t percent o f usage would be 
zero f o r t r i p s w i t h expressway distances 
o f less than one h a l f mi l e (when a = 5.4) 
as a s u f f i c i e n t d i s t a n c e by which the 
saving i n time would be ample to n u l l i f y 
the i n c o n v e n i e n c e s . For va lues o f F-^ 
between those p o i n t s , a parabol ic v a r i a 
t i o n w i t h ve r t ex a t the upper l i m i t (70 
a t 5 .4 m i l e s ) was s e l e c t e d because i t 
provides a sharp r i s e i n values f o r the 
expressway distances near the lower l i m i t 
where i t i s apparent the rate o f increase 
would be grea tes t . Die d e t a i l e d d e r i v a 
t i o n o f Factor F i based on these assump
t i o n s i s r e c o r d e d i n A p p e n d i x A and 
d e v e l o p s the f o r m u l a : 

F i •• - 2.8a2 + 30.24a - 11.65 
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f o r values o f a, expressway dis tance, be
tween 0.4 and 5.4 mi l e s . For lesser and 
grea ter values o f a, F^ r e t a i n s i t s r e 
s p e c t i v e minimum ( 0 ) and maximum ( 7 0 ) 
v a l u e s . 

Fac to r sbows the e x t e n t t o which 
the access distance inf luences expressway 
usage. I t can best be v i s u a l i z e d by ob
s e r v i n g the r e l a t i o n o f the access d i s 
tance to the expressway distance when the 
o r i g i n and d e s t i n a t i o n o f the t r i p are 
located on opposite sides o f the express
way route . When these points are imnedi
a t e l y ad jacent to the expressway, i t i s 
the obvious and poss ib ly (mly d i r e c t route 
f o r the t r i p . As o r i g i n , d e s t i n a t i o n or 
both move away f rom the expressway, an 
i n c r e a s i n g number o f p a r a l l e l s t r e e t s 
w i l l p r e s e n t t o t he d r i v e r n u m e r o u s 
a l t e r n a t e ways t o n e g o t i a t e the t r i p 
w i t h o u t r e s o r t to the expressway. The 
greater the access dis tance becomes, the 
greater the p r o b a b i l i t y w i l l be tha t some 
o f these s t r e e t s , because o f t h e i r d i s 
tance from the expressway, w i l l be r e l a 
t i v e l y f r e e f r o m c o n g e s t i o n and w i l l 
t he re fo re minimize the expressway advan
tages. A r e l a t i o n was t h e r e f o r e e v a l u 
a t ed on the bas i s o f the r a t i o o f the 
expressway d i s t a n c e t o the t o t a l t r i p 
l e n g t h v i a the expressway. When t h i s 
r a t i o i s 1 : 1 , t h a t i s when the access 
d i s t ance (6) i s zero . Fac tor F2 has i t s 
optimum value ( 3 0 ) . Zero usage was as
sumed when t h i s r a t i o reached 1:10 on Uie 
premise t h a t pe rcen t o f usage would be 
n e g l i g i b l e when the t o t a l l ength o f t r i p 
was ten t imes the l e n g t h o f expressway 
w h i c h c o u l d be used. T h i s zero p o i n t 
could l o g i c a l l y have been taken where the 
r a t i o was zero (one to i n f i n i t y ) w i thou t 
m a t e r i a l l y a f f e c t i n g the net r e s u l t but 
we p re fe r r ed to r e s t r i c t our ca lcu la t ions 
to a f i n i t e l i m i t . 

For values o f F^ between the s t a t e d 
l i m i t s a s t r a i g h t l i n e v a r i a t i o n was used 
on the premise t h a t usage w i l l vary a l 
most d i r e c t l y w i t h t h i s r a t i o . The de
t a i l e d d e r i v a t i o n o f Factor based on 
these assumptions i s shown i n Appendix B 
and develops the formula: 

Factor F3 r e f l e c t s the e f f e c t o f ad
verse distance on the percent o f express
way usage. Adverse d i s t a n c e v i a t h e 
a d d i t i o n a l d i s t ance o f t r a v e l r e q u i r e d 
v ia the expressway as compared to tha t by 
the e x i s t i n g s t r e e t s . The speed on the 
expressway i s , i n every case, assumed to 
be tw ice t h a t on the e x i s t i n g s t r e e t s . 
I t i s our o p i n i o n t h a t the v a r i a b l e 
speeds d u r i n g the day r e s u l t i n g f r o m 
t r a f f i c volume changes w i l l a u t o m a t i 
c a l l y maintain t h i s average r a t i o o f 2 : 1 . 
For example we know t h a t increased v o l 
umes on the expressway imply the same on 
the c i t y s t r e e t w i t h a corresponding r e 
d u c t i o n o f speeds on both f a c i l i t i e s and 
under l i g h t t r a f f i c , speeds increase but 
l o g i c a l l y i n a p p r o x i m a t e l y the same 
r a t i o . 

Oi the basis o f the 2 : 1 speed r a t i o , 
then, from a t heo re t i ca l s tandpoint , when 
the r a t i o o f the adverse distance to ex
pressway distance ( v : a ) i s 1:2 ( 0 . 5 ) , the 
time r e q u i r e d v i a e i t h e r route would be 
the same, s ince , by d e f i n i t i o n : 

(1) 
V = a + b - c 

(via express- o . 6 _ . . _ c 
way route) M « 2̂ ~ 7 (via city 

^ ^ >• street 

when I,- 5 + b 

route) 
(2) 

F2 = 33.3 
0 + 6 

3.3 

by substituting in equation (1) the value of 
c from equation (2) 

v = a + b - - - b or 
2 

C o n d i t i o n s r e s u l t i n g i n e q u a l i t y o f 
time requirement f o r the two routes would 
seem to j u s t i f y an assumption o f 50 per
cent but from a p r a c t i c a l s t andpoin t we 
considered the expressway route somewhat 
less favorab le because o f more i n v o l v e d 
t u r n i n g movements and t h e r e f o r e a r b i 
t r a r i l y s e t the usage a t 40 percent f o r 
t h i s c o n d i t i o n . Oj)timum usage i s a t t a i n 
ed when the adverse d i s t a n c e i s z e ro , 
i . e . when the length o f t r i p i s the same 
v i a e i t h e r route . Hie parabol ic f u n c t i o n 
was selected to express the f u l l range o f 
F^ values w i t h i t s ve r t ex a t a value o f 

100 when § = 0 and w i t h a v a l u e o f 40 
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when ^ = 0 .5 . T l i i s choice fo l l owed from 
the c o n v i c t i o n t h a t the r a t e o f change 
should be a t a maximum below the c o n t r o l 
l i n g va lue o f 40 and s h o u l d decrease 
g r a d u a l l y as F3 approached i t s optimum 
v a l u e . Mathemat ica l p r o j e c t i o n gave a 

zero value f o r F3 when ^ •» .645. The de
t a i l e d d e r i v a t i o n o f Factor F3 based on 
these assumpticns i s recorded i n Appendix 
C and develops the equation: 

F3 = 100 - 240 

Hie a p p l i c a t i o n o f the method to the 
Determination o f expressway usage by ve
h i c l e s IS very s imple and, f o r any de
s i r e d movement, requires the measurement 
o f the pr imary distances invo lved i n the 
fo rmula as p r e v i o u s l y d e f i n e d : ( 1 ) ex
pressway dis tance a, (2) access dis tance 
6; and (3) s t r e e t dis tance c. For each 
p o t e n t i a l expressway movement the record
e r , by means o f a f l e x i b l e tape, scales 
the b and c distances on a c i t y map upon 
which has been d e p i c t e d the expressway 
system i n c l u d i n g a l l s e r v i c e roads, en
trances and e x i t ramps. Impor tan t c i t y 
thoroughfa res were g iven a d i s t i n c t i v e 
c o l o r t o a i d the r eco rde r i n s e l e c t i n g 
the most f avorab le rou tes . Distances a 
between a l l access po in ts o f the express
way were measured prev ious ly and shown i n 
a t a b l e t o e l i m i n a t e repeated measure
ments. 

For example: Between two s p e c i f i c 
t r a c t s we have a movement o f 130 t r i p s 
w h i c h , by o b s e r v a t i o n , w o u l d i n v o l v e 
p o t e n t i a l expressway usage. S e l e c t i n g 
the access p o i n t s , c o n s u l t i n g the t a b l e 
f o r a and measuring 6 and c, we f i n d : 

a = 6.0 
b = 3.0 
c » 8.0 
v = a + 6 - c = 6 + 3 - 8 = 1.0 
A p p l i c a t i o n i n the basic formula p r o 

duces: 
[70 (o exceeds 5.4)+33.3 - 3 3] 

100 

[100 - 240 (^) ^ ] 

C70 + 19] X 94 
100 

= 84 

T r i p s on the expressway t h e r e f o r e 
would be 84 percent o f 130 <> 109 t r i p s 
they would app ly between the s e l e c t e d 
access p o i n t s . The remain ing 21 t r i p s 
would use the a v a i l a b l e c i t y s t r e e t s . 

These f i n a l f o r m u l a e were r i g i d l y 
tes ted by a p p l y i n g them to a comprehen
s ive s e l e c t i o n o f a c tua l t r i p movements 
f rom the South Bend p r o j e c t . The per 
centages o f expressway use thus computed 
were observed i n each case to be so com
p l e t e l y s a t i s f a c t o r y , tha t we have adopt
ed t h i s method f o r a l l p r o j e c t s . I t has 
f a c i l i t a t e d g r ea t l y the mechanics o f t h i s 
phase o f the work and assured us o f con
s i s t e n t accurate r e s u l t s . 

Hie cumbersome work e n t a i l e d i n apply
i n g these formulae to the c a l c u l a t i o n o f 
these fac tors was e l iminated by preparing 
a graphic ca l cu l a to r from which the three 
f a c t o r s cou ld be s e l e c t e d by u s i n g the 
p e r t i n e n t d i s t a n c e s i n v o l v e d i n the 
fonmi l ae . Figures 1 and 2 show the use 
o f t h i s device m . the de t e rmina t ion r e 
s p e c t i v e l y o f F a c t o r s Fj^, F2 and^F3. 
(Note: Figures 1, 2 and 3 are i n the back 
o f t h i s book.) Factor F j i s read d i r e c t 
l y as a stub item on the l e f t side o f the 
c h a r t . For value o = 6, F j = 70 ( F j = 
70 f o r a l l values o f a above 5 . 4 ) . 

For F2 , the v a l u e o f a + 6 on the 
p ivoted arm scale ( F i g . 4) i s brought to 
an i n t e r s e c t i o n w i t h the v e r t i c a l l i n e 
th rough the a v a l u e on the top s c a l e . 
The reading where the arm i n t e r s e c t s the 
upper arc i s the value f o r F2. For our 
example 0 + 6 = 9 i n t e r s e c t s 0 = 6 show
ing a value m the upper arc f o r F2 = 19. 
For F3, the value a on the p i v o t e d arm 
scale ( F i g . 5) i s brought t o an i n t e r 
s e c t i o n w i t h the v e r t i c a l l i n e through 
the V value on the top scale . The read
i n g where the arm i n t e r s e c t s the lower 
arc i s the value f o r F3. For our exam
p l e , a = 6 i n t e r s e c t s v = 1 to produce 
F3 - 94. The r e c o r d e r c o m p l e t e s t h e 
c o m b i n a t i o n o f t h e f a c t o r s on a 
c a l c u l a t i n g m a c h i n e . 

Since the development o f the described 
t o o l f o r d e t e r m i n a t i o n o f f a c t o r s , Mr. 
P. M. Cass idy o f the I n d i a n a D i s t r i c t 
O f f i c e o f the P u b l i c Boads A d m i n i s t r a 
t i o n , who had consul ted w i t h us on t h i s 
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study, f u r t h e r i n t e r e s t e d h imse l f i n the 
p r o j e c t by developing a mechanical device 
from a se r ies o f nomographs designed and 
arranged to perform coo^ le t e ly the s o l u 
t i o n o f a l l equations i n c l u d i n g the addi 
t i o n s , s u b t r a c t i o n s and m u l t i p l i c a t i o n s 
i n v o l v e d . F i g u r e 3 i s a photograph o f 
the device depic ted to show how i t would 
solve the s ta ted example. 

The operat ion o f the device i s as f o l 
lows: The l e f t s l i d i n g p o i n t e r i s moved 
to a equal 6.0, the r i g h t s l i d i n g poin ter 
IS moved to b equal 3 .0 , the s l i d e r on the 
tape near the center i s moved so t h a t c 
p o i n t s to 8.0 on the c s ca l e . S t r i n g 1 
( r evo lv ing about the l e f t p o i n t e r ) i s mov
ed around to p o s i t i o n 1 so as t o touch the 
r i g h t po in te r i n which p o s i t i o n F2 i s de
termined (19) from where the s t r i n g cross
es the d i a g o n a l F2 s c a l e . Nine teen i s 
then added mental ly to the value o f F i ( 7 0 ) 
wh ich i s g i v e n o p p o s i t e the a r e a d i n g 
(th\s a d d i t i o n which i s always very simple 
i s the only mental c a l c u l a t i o n required i n 
t h i s method) and t h i s sum (89) i s se t on 
the extreme l e f t hand sca le o f + F2 
sca le . S t r i n g 1 i s then moved around t o 
p o s i t i o n 2 so t h a t i t passes through the 
va lue o f 1.0 on the v s c a l e ( 4 t h f r o m 
l e f t ) and the e x t e n s i o n o f t h i s l i n e 
through the i n t e r s e c t i o n w i t h the diagonal 
F3 scale gives the value o f F3 equal t o 
94. I t w i l l be noted t h a t v was obtained 
d i r e c t l y by reading i n the l i t t l e , opening 
o f the s l i d e r on the tape. ( I t i s j u s t 
c o i n c i d e n c e t h a t s t r i n g 1 c rossed the 
va lue o f V equa l 1,0 a t t h i s p o i n t . ) . 
S t r i n g 2 i s then revolved ( t o p o s i t i o n 1) 
so t h a t i t i n t e r s e c t s the v e r t i c a l F3 

scale , a t the r i g h t , a t reading o f 94 and 
the percent usage (84) i s read «*ere t h i s 
s t r i n g i n t e r s e c t s the " p e r c e n t u sage" 
scale near the center; then p l ac ing one's 
thumb on the s t r i n g a t the "percent usage" 
reading and r e v o l v i n g s t r i n g 2 around t o 
p o s i t i o n 2 so tha t i t in te r sec t s the'num-
ber o f vehic les i n v o l v e d " sca le , f o r the 
given value o f 130 and which had been set 
t o s t a r t w i t h , the veh ic le usage i s then 
determined from the " vehicle usage" scale 
which reads 109 vehic les . 

A ser ies o f examples run by the use o f 
graph and by the mechanical device revea l 
ed a sav ing o f approximate ly 20 seconds 
f o r each opera t ion by the l a t t e r method. 
The recorded time by the graph as 1 min . 
20 sec. , by the mechanical device 1 min . 
A f t e r a per iod o f ac tual use o f the mech
an ica l device, we a n t i c i p a t e the time per 
ope ra t i on can be reduced even below the 
1 minute f i g u r e . The advantages i n add i 
t i o n to saving i n time inc lude a grea ter 
accuracy and e l i m i n a t i o n o f a c e r t a i n 
amount o f drudgery connected w i t h the f o r 
mer method. The device requires on ly one 
operator to determine and record the f lows 
i n l i e u o f two f o r the o ther method. 

The se lec t ion o f expressway routes and 
the determinat ion o f t r a f f i c f lows thereon 
c o n s t i t u t e a most impor t an t p a r t o f the 
development o f a highway p l a n f o r the 
c i t y . The methods we have described are 
presen ted f o r the c o n s t r u c t i v e use and 
c r i t i c i s m o f a l l in te res ted engineers en
gaged i n t h i s f i e l d to the end tha t through 
the mutual ly shar ing o f accomplishments, 
the greates t progress w i l l f o l l o w . 
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APPENDIX A 

DERIVATION OF FORMULA FOR 
FACTOR f 1 

1 1 was the general consensus o f those 
a s s o c i a t e d w i t h expressway " u s e " de
t e r m i n a t i o n s t h a t a f a c t o r t h a t would 
r e f l e c t on ly the expressway t r i p l e n g t h 
should have a value o f 0 when the l eng th 
was 0.4 m i l e and a value o f 100 when the 
l eng th was 5.4 m i l e s , and f o r lengths i n 
between the v a r i a t i o n shou ld be para 
b o l i c . 

X • e.f.freiSiM'f Itn^th gf trip (m oi'il.t) 

The curve i n d i c a t e d i n the diagram i s 
t he d e s i r e d curve based on the above 
c o n d i t i o n s , and the e q u a t i o n o f t h i s 
curve r e l a t ed to the X and Y axes i s the 
equation desi red. The basic mathematical 
expression f o r t h i s p a r t i c u l a r parabola 
r e f e r r e d t o the X' and Y' axes i s 

y ' - k W )2 

s o l v i n g t h i s e q u a t i o n f o r k when y' = 
-100 and x' • -S gives a value f o r ife " -4 

there fore y' = -4 ( * ' )2 

to change t h i s equation so as to refer to 
the and K axes instead o f the X' and Y' 
axes s u b s t i t u t e y - 100 f o r y ' , and x -
5.4 f o r x ' , and the equa t ion becomes 

y = -4*2 + 4 3 . 2 * - 1 6 . 6 4 

This i s the basic equation which express
es i n percent the "use" o f die expressway 
inso fa r as the length a l o i e i s concerned. 

As ind ica ted elsewhere the length f a c 
t o r c a r r i e s a weight o f on ly 70 i n r e l a 
t i o n to a w e i ^ t o f 30 f o r Factor i n 
the f i n a l d e t e r m i n a t i o n o f expressway 
usage, t h e r e f o r e v a l u e s i n the above 
equa t ion a re m u l t i p l i e d by 0.7 t o g i v e 
the p rope r v a l u e s t o F a c t o r F l . The 
e q u a t i o n then becomes 

Fl - -2.8*2 + 30.24* - 11.65 

or s ince d e s i g n a t i o n "a" i n s t ead o f ' X " 
i s used t o i n d i c a t e the l e n g t h o f ex
pressway the e q u a t i o n becomes 

f 1 '-i.Sc? + 30.24O - 11.65 

Where a i s the expressway l e n g t h o f 
t r i p i n m i l e s . 
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APPENDIX B 

DERIVATICN OF FORMULA FOR 
FACTOR F2 

I t was the general consensus o f those 
associated w i t h expressway " u s e " determ
i n a t i o n s , t h a t .a f a c t o r t h a t would r e 
f l e c t the e f f e c t o f t he d i s t a n c e the 
o r i g i n o r d e s t i n a t i o n was f rom the ex
pressway could be expressed by the r a t i o 
t h a t the expressway d i s t a n c e was t o the 
t o t a l l e n g t h o f the t r i p and t h a t the 
v a l u e s c o r r e s p o n d i n g t o v a r i o u s r a 
t i o s s h o u l d be as f o l l o w s : 100% when 
the r a t i o was one, zero % when the r a t i o 
was 0 .1 and i n between values t o vary as 
a s t r a i g h t l i n e . The l i n e i n d i c a t e d i n 
the diagram a t the r i g h t i s the des i red 
l i n e , based on the above c o n d i t i o n s . 

The g e n e r a l e q u a t i o n la y ' mx + d 
where n i s the s lope o f the l i n e and d 
the Y a x i s i n t e r c e p t 

b u t « = l ^ a n d d = - ( . l ) 1 0 f i = - J | = l l 2 Q 
.9 .9 .9 9 

s u b s t i t u t i n g , the equation becomes 

y = 
(lOQx) _ (100) 
( .9 ) ( 9 ) 

^ 4̂  ' ' H s Jb ^^ •» -1 u 

X % ratio of etfrcsiw*^ teo l̂b of 
tr\p ^o total Icnath of trip. 

As i n d i c a t e d elsewhere the F2 f a c t o r 
i n the f i n a l usage percentage determina
t i o n should ca r ry a weight o f on ly 30 i n 
r e l a t i o n t o a w e i g h t o f 70 f o r the 
f a c t o r , t h e r e f o r e the above e q u a t i o n 
should be m u l t i p l i e d by 0.3 t o g ive the 
proper values t o f a c t o r F2 . 

the equation f o r f a c t o r F2 then i s 

f u r t h e r s u b s t i t u t i o n o f the value o f 

tt 

a + b - * 

the equation becomes 

v = 100 L a J -100 
' .9 (a+6) 9 

or 

F 2 = 3 2 LSLl 
(of 6) 

20 
9 

F2 = 33.3 

where a i s t h e expressway l e n g t h o f 
t r i p i n m i l e s and 6 i s the access d i s 
tance i n m i l e s . 



21 

APPENDIX C 

I t was the general consensus o f those 
associated w i t h expressway " u s e " de t e r 
mina t ions t h a t a f a c t o r t h a t would r e 
f l e c t usage r e l a t i n g the time v i a the ex
pressway t o the time v i a the more d i r e c t 
rou te c o u l d be expressed by the r a t i o 
t h a t ob ta ined between the adverse d i s 
tance, and the length o f t r i p a c t u a l l y on 
the expressway, and t h a t the values t h a t 
these r a t i o s should i n d i c a t e would be as 
f o l l o w s : 100% when the r a t i o was 0, 40% 
when the r a t i o was and 0% when the 
r a t i o was . 6 4 5 . 

ITie curve i n d i c a t e d i n the diagram i s 
the desired curve based on the above con
d i t i o n s , and the equation f o r t h i s curve 
r e l a t e d t o the X and Y axes i s the de
s i r e d e q u a t i o n . 

The basic mathematical expression f o r 
t h i s parabola which has i t s ver tex a t the 
i n t e r s ec t i on o f the X' and Y' axes i s 

y' = ife(x')2 

when y ' = -60 , x' = .5 and s u b s t i t u t i n g 
and s o l v i n g f o r k, k - -240 and the equa
t i o n becomes 

y' = -240 (* ' )2 

To change t h i s equation so as to r e f e r to 
the and y axes s u b s t i t u t e Y - 100 f o r 

DERIVATION OF FORMULA FOR 
FACTOR f J 

% 0 

. .-10 
• --ID > ^ 
• 

• •40 
..M . . . . 

X* 

• -10 \ 
I \ 

. j \ 
. . 1 1 A—r-> 

y 
comes 

X : ratio of adverse distance to dwlaticc 
of trip on e«pres9wa>f 

and X f o r x ' , and the equat ion be-

y = 100 - 240x2 

F u r t h e r s u b s t i t u t i o n o f the value o f -
a 

f o r * and the equat ion becomes t h a t f o r 
Factor f j which i s 

f j = 100 240 ( V ) ' 

where a i s the expressway length o f t r i p 
i n miles and v i s the adverse distance i n 
mi les . 




