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I t i s now about two y e a r s s i n c e , in most o f the S t a t e s , the 
work o f the S t a t e -w ide highway p l a n n i n g surveys was begun. Mich igan 
began a l i t t l e e a r l i e r , has main ta ined he r l e a d , and i s now nea re r 
than most o f her S i s t e r S t a t e s to the t ime when she may b e g i n to 
app ly the r e s u l t s o f he r s t u d i e s t o the s o l u t i o n o f her own highway 
p r o b l e m s , 

In the f i r s t y e a r the t a sk was one o f o b s e r v a t i o n , r e c o r d i n g , 
and i n q u i r y in the f i e l d . In the s econd the scene o f o p e r a t i o n s 
s h i f t e d t o the o f f i c e ; and t h e r e f o r some t ime s i n c e a g rea t dea l o f 
p a i n s t a k i n g work has been in p r o g r e s s , the purpose o f which has been 
to a r r a y the vo luminous da ta g a t h e r e d in the f i e l d in such o r d e r l y 
and r e l a t e d groups as would permi t t h e i r s tudy and a n a l y s i s . 
Draftsmen have been at work t r a n s c r i b i n g i n v e n t o r y n o t e s on to s o -
c a l l e d s t r a i g h t - l i n e d iagrams, and c o m p i l i n g maps. Coders and 
punchers have been busy t r a n s l a t i n g words and f i g u r e s on thousands 
o f f i e l d r e p o r t s i n t o round h o l e s punched i n columned c a r d s , which 
l a t e r have been fed i n t o t a b u l a t i n g mach ines , t o come out as row 
upon row o f s t a t i s t i c s . There has been much t a l k among these o f f i c e 
workers o f such ma t t e r s as the s u i t a b i l i t y o f symbols and the s i z e 
and adequacy o f samples ; and t h e r e has been deba t e about such 
t h i n g s as t r a f f i c p a t t e r n s and expans ion f a c t o r s . The deba te has 
been v e r y s e r i o u s ; the t a l k has been v e r y t e c h n i c a l ; the s t a t i s t i c s 
have been v e r y — s t a t i s t i c a l . 

Bu t , what has t h e r e b e e n , what w i l l t h e r e b e , of t a n g i b l e , 
p r a c t i c a l , u s e f u l r e s u l t , i s s u i n g from a l l t h i s ea rnes t work, t h i s 
t a l k and d e b a t e , and t h e s e s t a t i s t i c s ? That i s a q u e s t i o n we a re 
b e g i n n i n g t o hear wi th some i n s i s t e n c e . I t i s a r ea sonab le q u e s t i o n ; 
and i t i s the q u e s t i o n that t h i s paper w i l l a t tempt to answer, 
i l l u s t r a t i n g the answer , wherever p o s s i b l e , b y means o f f ragmentary 
r e s u l t s thus f a r g l e a n e d from the su rveys in a number o f S t a t e s . 

I t i s r e a s o n a b l e to suppose that many o f t h o s e who i n q u i r e 
f o r r e s u l t s have in mind such r e s u l t s as are c u s t o m a r i l y se t down 
i n p r i n t e d r e p o r t s . The end o f a l l su rveys i s e x p e c t e d to be a 
REPORT. I t g e n e r a l l y i_s the end. The r e p o r t g o e s on the s h e l f . 
The su rvey i s f i n i s h e d ; f o r g o t t e n ; and no one i s the b e t t e r o r the 
worse f o r i t . 
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I t i s r e g a r d e d , t h e r e f o r e , as a r a t h e r f o r t u n a t e c i r c u m s t a n c e 
tha t much tha t i s e x c e e d i n g l y u s e f u l in the r e s u l t s o f the highway 
p l a n n i n g su rveys w i l l not have t o a t t a i n tha t u s e f u l n e s s th rough the 
medium o f a r e p o r t . So much, at l e a s t , we may hope w i l l e s c a p e the 
o b l i v i o n tha t seems to engu l f whatever e n t e r s between the c o v e r s o f 
an o f f i c i a l r e p o r t . 

Among the ex t r eme ly u s e f u l r e s u l t s o f the s u r v e y s , t ha t w i l l 
thus a t t a i n t h e i r u s e f u l n e s s wi thou t a i d o f a r e p o r t , a r e the 
s e v e r a l k inds o f maps that a r e now f a s t i s s u i n g from them. In the 
S t a t e s in which the su rveys a r e in p r o g r e s s the re a re 2,6l7 c o u n t i e s . 
On January 3^ s ^» the r e p o r t s from these S t a t e s show tha t the base 
maps, which r e s u l t from the s u r v e y s ' i n v e n t o r i e s , had been comple t ed 
f o r 1,027 o f t h o s e c o u n t i e s , and hundreds more v/ere on the d r a f t i n g 
boa rds in v a r i o u s s t a g e s o f c o m p l e t i o n . 

On these base maps i s shown e v e r y m i l e o f r u r a l p u b l i c road , 
and, so f a r a s the i n v e n t o r y p a r t i e s c o u l d d i s c o v e r them, e v e r y 
farmhouse and o t h e r r e s i d e n c e , every chu rch , and s c h o o l , and s t o r e , 
and m i l l , and mine , and e v e r y o t h e r p l a c e o f whatever d e s c r i p t i o n , 
i n r u r a l a r e a , tha t i s an o r i g i n o r a d e s t i n a t i o n o f the t r a f f i c 
tha t moves o v e r the r o a d s . On them i s shov.'n, a l s o , e v e r y m i l e o f 
r a i l r o a d , e v e r y n a v i g a b l e and a c t u a l l y n a v i g a t e d s t ream, e v e r y r a i l 
r o a d s t a t i o n , e v e r y a i r p o r t , eve ry p u b l i c wharf , eve ry c i t y and town 
and v i l l a g e , however l a r g e o r s m a l l . F igure 1 shows one o f t he se 
maps o f a coun ty i n M i c h i g a n . 

Remember t h a t , o f the g rea t m a j o r i t y o f t he se c o u n t i e s , there 
e x i s t e d b e f o r e the p l a n n i n g su rveys were begun no adequa te maps what
e v e r . Remember t h a t , b e f o r e the s u r v e y s , t h e r e was in many o f them 
no p r o p e r i d e a even o f the e x t e n t o f the p u b l i c road sys tem. Then 
e n v i s i o n the v a s t a t l a s soon to be f i l l e d w i t h thousands o f t he se 
new and a c c u r a t e m^.ps o f e v e r y county o f e v e r y S ta t e i n w^ ich the 
p l a n n i n g su rveys have been c o n d u c t e d , a l l drawn w i t h un i fo rm c o n v e n 
t i o n s and a p p r o p r i a t e l y un i fo rm l a r g e s c a l e , and you w i l l have a f a i r 
c o n c e p t i o n o f one r e s u l t o f the p l ann ing su rveys that i t w i l l no t be 
n e c e s s a r y - tha t i t w i l l no t be p o s s i b l e t o p r e s e n t f o r use th rough 
the* medium o f a r e p o r t . 

From the base maps, upon which , as w i l l be o b s e r v e d , a l l roads 
appear as open bands , s e v e r a l o t h e r s e r i e s o f maps w i l l be p roduced 
by the s imple p r o c e s s o f o v e r l a y i n g v a r i o u s o t h e r c o n v e n t i o n s , mos t ly 
w i t h i n the open road bands o f tn«j ba se . 3ach o f these s e r i e s w i l l be 
d e s i g n e d t o d i s p l a y a p a r t i c u l a r c l a s s o f i n f o r m a t i o n . Perhaps the 
most g e n e r a l l y u s e f u l s e r i e s w i l l be the Highway and T r a n s p o r t a t i o n 
Maps. Tho p r i n c i p a l purpose o f t h i s s e r i e s w i l l be t o show the e x i s t 
i n g s u r f a c e c o n d i t i o n o f a l l the r o a d s . To t h i s end the open hands 
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o f the "base maps " . T i l l he f i l l e d , in the napn o f t h i s s e r i e s , w i th 
s tandard symbols a p p r o p r i a t e l y r e p r e s e n t i n g on each s e c t i o n o f road 
tho type o f i t s s u r f a c e . F igu re 2 shows a t y p i c a l nap o f t h i s 
s e r i e s , r e p r e s e n t i n g an I l l i n o i s County . 

Another s e r i e s , made from the same b a s e s , w i l l d i s t i n g u i s h 
and show the s t a t e o f improvement o f the roads that form the ru ra l 
f r e e d e l i v e r y mail r o u t e s , and o t h e r s r r i e s w i l l show r e s p e c t i v e l y 
the roads that a re used as r o u t e s by common c a r r i e r bus se s and 
t r u c k s and by s c h o o l b u s s e s , and the c o n d i t i o n o f t h o s e s e v e r a l 
k i n d s o f r o u t e s . And, f i n a l l y , a s p e c i a l s e r i e s w i l l show b y 
symbols o v e r l a i d upon the s u r f a c e type symbols the r e l a t i v e volume 
o f t r a f f i c s e rved by eve ry m i l e o f the ru ra l r o a d s . F igu re 3 r e p r e 
sen t s a p r e l i m i n a r y sample map of t h i s s e r i e s . 

Th i s i s a new k ind o f t r a f f i c map, d i f f e r i n g from the more 
f a m i l i a r k ind i n the f a c t tha t the t r a f f i c volume i s r e p r e s e n t e d 
by the o v e r l a i d shaded bands o f un i form width bu t v a r y i n g p a t t e r n , 
i n s t e a d o f b y bands o f v a r y i n g width p r o p o r t i o n a l to the v a r y i n g 
vo lume . The d i f f e r e n c e i s an e s s e n t i a l o n e . T r a f f i c maps o f the 
cus tomary for:", have d e a l t wi th na in highways o n l y . These new coun ty 
naps w i l l r e p r e s e n t the t r a f f i c on a l l rura l r o a d s ; and, oven on 
t h e i r l a r g e s c a l e the re i s not room enough i n the i n t e r s t i c e s o f 
the c l o s e l y woven not to squeeze the wide bands that would bo needed 
t o d e p i c t the h e a v i e r volumes o f t r a f f i c . I t i s b e l i e v e d , however , 
that the new s y m b o l i c a l l y shaded bands w i l l r e p r e s e n t the t r a f f i c 
c o n d i t i o n s a lmost as c l e a r l y ; and thry w i l l have one advantage tha t 
has g e n e r a l l y beer, l a c k i n g i n t r a f f i c naps , that i s , t hey w i l l show 
the t r a f f i c vo lune in r e l a t i o n t o the e x i s t i n g t y p e s o f read s u r f a c e s , 
the s t a t e o f r o a d - b o r d e r i n g c u l t u r e , and o t h e r s i g n i f i c a r w c o n d i t i o n s . 

Such maps as a l l o f t n e s e , i t w i l l not b e n e c e s s a r y to e x p l a i n , 
w i l l f i n d d a i l y employment in the o p e r a t i o n s o f e v e r y hi 
adi.i n i s t r a t i v o agency , F e d e r a l , S t a t e , and l o c a l . But r,:-..rt from 
t h e i r o b v i o u s u t i l i t y i n higrr-'av work, i t i s a l r ? a d y apparent tha t 
they w i l l be w i d e l y used f o r nany o t h e r p u r p o s e s . ?ow.^r companies 
war.t them f o r s t u d i e s o f p o t e n t i a l demand. I n d u s t r i a l c o n c e r n s 
reque."! then f o r the c h a r t i n g o f s a l e s t e r r i t o r i e s and oanpa igns . 
A g r i c u l t u r a l s p e c i a l i s t s w i l l employ them in d e f i n i n g a reas o f 
r e l a t i v e s o i l p r o d u c t i v i t y - a d e f i n i t i o n b a s i c t o the optimum use 
o f the l a n d , which i s the a g r i c u l t u r i s t 1 s o b j e c t i v e , but one which 
i s a l s o , and f o r i d e n t i c a l r e a s o n s , o f i n t e r e s t t o tho highway 
p lanne r and b u i l d e r . F igu re k i s a nap o f t h i s s o r t . 
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Without a t t emp t ing to c a t a l o g u e a l l the d e f i n i t e u ses o f 
t he se maps tha t a re now f o r e s e e n , mention may he made of one o t h e r 
v e r y important use that w i l l he made of them. Wherever they have 
been c o m p l e t e d in time f o r use b y the enumera tors , they w i l l be 
used as the b a s i s o f the F e d e r a l Census o f 19^-C, which Census 
a u t h o r i t i e s say , w i l l be more c o m p l e t e and more a c c u r a t e b e c a u s e 
o f t h e i r u s e . 

So many, i n d e e d , are the u s e s that a re b e i n g found f o r t he se 
remarkable maps that i t b e g i n s t o appear that the highway d e p a r t 
ments , i n p r o d u c i n g then , have r ende red a s e r v i c e t o a l l s o r t s c f 
i n d u s t r i a l , e c o n o m i c , and s o c i a l . p l a n n i n g comparable t o that o f the 
U n i t e d S t a t e s G e o l o g i c a l Survey , through i t s t o p o g r a p h i c maps, to 
the p l a n n i n g o f e n g i n e e r i n g works . And a l l t h e s e m a n i f o l d u s e s , l e t 
i t be r e p e a t e d , are a d d i t i o n a l t o the cons t an t employment t h e s e maps 
w i l l have i n the eve ryday work o f the F e d e r a l , S t a t e and County 
highway depar tmen t s . 

I t i s i n such everyday employment, a l s o , t ha t i n v a l u a b l e use 
w i l l be found f o r the s o - c a l l e d s t r a i g h t - l i n e diagrams - ano ther 
r e s u l t o f tho surveys that w i l l have no more than a r e f e r e n c e in the 
p r i n t e d r e p o r t s . F i g u r e 5 shows a l i t t l e more than h a l f o f one such 
diagram as i t i s b e i n g p roduced by the highway p l ann ing survey o f 
C o l o r a d o . 

On such diagrams as t h i s , most o f the S t a t e s are r e c o r d i n g 
p r a c t i c a l l y a l l o f the s i g n i f i c a n t f i n d i n g s * f the survey wi th 
r e f e r e n c e tn each s e c t i o n o f the more important h ighways . On each 
diagram, the s e c t i o n o f road o f immediate i n t e r e s t appears as a 
s t r a i g h t l i n e , d i v i d e d i n to 1 0 0 - f o o t s t a t i o n i n t e r v a l s . A p p r o p r i a t e l y 
p l a c e d wi th r e f e r e n c e to t he se i n t e r v a l s , i s shown v i r t u a l l y e v e r y 
f a c t that has been found about tha t p a r t i c u l a r s e c t i o n of h ighway. 
The t y p e , and c o n d i t i o n , and the d imens ions o f i t s s u r f a r e ; the 
p o s i t i o n o f a l l important d ra inage s t r u c t u r e s , the l o c a r L o n o f a l l 
s i g n i f i c a n t cu rva tu re and g rades ( s i g n i f i c a n t in t h e i r e f f e c t s upon 
the movement o f v e h i c l e s ) ; the p l a c e s at which s i g h t d i s t a n c e i s 
unduly r e s t r i c t e d and th? causes c f the r e s t r i c t i o n s ; the l o c a t i o n 
of a l l i n t e r s e c t i n g r o a d s ; the average d a i l y t r a f f i c , as de termined 
b y the su rvey ; a l l t he se f a c t s and o t h e r s , p r e s e n t l y known, a re 
b e i n g spread upon these d iagrams , where they can be read at a g l a n c e . 
And, h e n c e f o r t h , eve ry s i g n i f i c a n t change tha t s h a l l o c c u r in each 
o f the road s e c t i o n s w i l l be n o t e d as a c o r r e c t i o n o f the a p p r o p r i a t e 
d iagram. Where f r o s t and water damage the r o a d ' s s t r u c t u r e , where 
a c c i d e n t s o c c u r o r l i v e s are s n u f f e d o u t , where t r a f f i c grows o r 
s h r i n k s , whore new f a c i l i t i e s r e p l a c e o l d , such e v e n t s , such changes , 
w i l l be r e c o r d e d on these diagrammatic r e c o r d p a g e s , and each such 
r e c o r d , adding new s i g n i f i c a n c e to the p r i o r r e c o r d i n g s , w i l l c o n 
t r i b u t e s t e a d i l y to the sharpening and the a c c u r a c y o f a d m i n i s t r a t i v e 
judgments , in the fo rma t ion o f which t h o s e diagrams w i l l s u r e l y be 
r e g u l a r l y c o n s u l t e d . 
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E n l a r g i n g upon tha r e f e r e n c e here t o f u t u r e amendment o f the 
s t r a i g h t - l i n e d iagrams , i t s h o u l d he s a i d , w i t h p a r t i c u l a r r e f e r e n c e 
t o a l l t h o s e r e s u l t s o f the su rveys that aro embodied i n the maps 
and o t h e r g r a p h i c r e c o r d s , tha t a l l o f them, p e r t a i n t o c o n d i t i o n s 
o f the p r e s e n t , and many of them to c o n d i t i o n s tha t w i l l change wi th 
the pas sage o f t i m e . I t i s f o r the t i m e l y d i s c o v e r y and r e c o r d i n g 
o f such changes t ha t the Bureau o f P u b l i c Roads has u rged the 
e s t a b l i s h m e n t o f a c o n t i n u i n g f a c t - f i n d i n g f u n c t i o n i n each S ta t e 
highway depar tment ; end i t i s g r a t i f y i n g to be a b l e to r e p o r t t ha t 
i t s u r g i n g has met w i th a lmost unanimously f a v o r a b l e r e s p o n s e . I t 
i s e v i d e n t tha t most o f the highway departments r e a l i z e that com
p a r a t i v e l y s l i g h t e f f o r t , c o n t i n u o u s l y put f o r t h , w i l l p r e s e r v e and 
s t e a d i l y enhance the p r e s e n t h i g h va lue o f the r e c o r d s that have 
been made by tho su rveys - a v a l u e tha t w i l l soon be u t t e r l y l o s t 
i f t h i s smal l a d d i t i o n a l l a b o r o f maintenance i s d e n i e d . 

Thus f a r t h i s d i s c u s s i o n has d e a l t w i th r e s u l t s o f the 
su rveys tha t do not have t o be w i d e l y p u b l i s h e d t o come i n t o 
e x c e e d i n g l y v a l u a b l e u s e . Such r e s u l t s y i e l d t h e i r p r i n c i p a l 
b e n e f i t s o n l y as they are employed i n the eve ryday o p e r a t i o n s o f 
the highway a d m i n i s t r a t i v e a g e n c i e s , and they remain u s e f u l o n l y 
as t h e y are c o n t i n u a l l y m o d i f i e d in a c c o r d a n c e w i t h the changes 
tha t c o n t i n u o u s l y o c c u r . 

There i s ano ther c l a s s o f r e s u l t s that shou ld be w i d e l y 
p u b l i c i z e d , and i t i s r e s u l t s o f t h i s s o r t tha t w i l l have an impor 
tan t p l a c e i n the r e p o r t s that w i l l be p u b l i s h e d . Among such 
r e s u l t s are a l l t h o s e d i s c o v e r e d f a c t s tha t d e f i n e the g e n e r a l 
c h a r a c t e r o f highway t r a f f i c , t ha t p o i n t a c c u r a t e l y t o the na ture 
and l o c a t i o n o f i t s s o u r c e s , tha t d e s c r i b e i t s c o m p o s i t i o n , and 
i n d i c a t e the g e n e r a l l i n e s and the ex ten t o f i t s movement. Most o f 
such f a c t s - u n l i k e those we have p r e v i o u s l y d i s c u s s e d - are r e l a 
t i v e l y immutable . They change s l o w l y , i f they change at a l l . 

No sound p o l i c y o f highway a d m i n i s t r a t i o n can be i n c o n s i s t e n t 
w i th t h e s e f a c t s ; and most o f the i l l - a d v i s e d p r o p o s a l s that a r e , 
he re and t h e r e , and from time t o t i n e , put f o r w a r d , owe t h e i r u n w i s 
dom to i g n o r a n c e o r misunders tand ing on the pa r t o f the p roponen t s 
o f t h i s s econd g roup o f f a c t s . Only through a widesp read a c c e p t a n c e 
and a p p r e c i a t i o n o f them w i l l i t be p o s s i b l e t o o b t a i n p u b l i c c o n 
f i r m a t i o n o f the measures and programs that w i l l be shown by the 
whole r e s u l t o f the p lann ing su rveys t o be e s s e n t i a l f o r a p r o p e r 
f u r t h e r development o f tho highways and o f highway t r a n s p o r t a t i o n . 

F o l l o w i n g i s the subs tance o f some of t h e s e f a c t s as r e v e a l e d , 
f o r the most p a r t , by p lann ing survey f i n d i n g s , supplemented at a 
few p o i n t s by e v i d e n c e c o l l e c t e d b y the Bureau o f P u b l i c Roads in 
p r e v i o u s i n v e s t i g a t i o n s . 
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Because the f a m i l i a r U. 3 . numbers o f our p r i n c i p a l highways 
l e a d on unchanged "by i n t e r v e n i n g S ta te l i n e s t o t r a n s c o n t i n e n t a l 
t e r m i n i , and "because each o f us has h i m s e l f at t imes f o l l o w e d t h o s e 
b e c k o n i n g numbers t o f a r p l a c e s , i t i s easy to th ink o f a l l the busy 
movement on our highways as a f a r r ang ing movement. 

From the p l ann ing surveys we have o b t a i n e d f o r the f i r s t t ime 
some f a c t s about the amount o f the more d i s t a n t movements f o r which 
t h e s e p r o p o s e d highways would be b u i l t ; and F igu re 6" t e l l s the t rue 
s t o r y . 

At the cu rved l i n e that ex tends l o n g i t u d i n a l l y th rough the 
S t a t e s o f Idaho , Nevada, and A r i z o n a , the wid th o f the trunk o f the 
t e n t a c l e d band r e p r e s e n t s tho ave rage d a i l y number o f a l l pa s senge r 
c a r s p a s s i n g eas tward and westward on t r i p s e x t e n d i n g beyond the 
b o r d e r s o f the t h r ee S t a t e s , on a l l major e a s t - w e s t h ighways . The 
number i s 2,532. Two thousand , f i v e hundred, t h i r t y - t w o p a s s e n g e r 
c a r s d a i l y on a l l major e a s t - w e s t h ighways , from the Canadian l i n e 
t o the Mexican b o r d e r , pass p o i n t s in I d a h o , Nevada, and A r i z o n a 
bound on t r i p s that b e g i n and end beyond the b o r d e r s o f the t h r ee 
S t a t e s . 

Now o b s e r v e where the t e n t a c l e s g o . That shows the p l a c e s 
t o and from which t h e s e 2,532 ave rage pas senge r c a r s are bound; 
and the width o f each t e n t a c l e r e p r e s e n t s the number headed toward 
o r coming from each S t a t e . Of c o u r s e , t hey are a l l g o i n g to o r 
from Washington, Oregon or C a l i f o r n i a . Westward t he re are no o t h e r 
S t a t e s . Bu t , see how r a p i d l y tha t wide band d i s s e v e r s and a t t e n u 
a t e s as i t ex t ends eas tward . At the M i s s i s s i p p i R i v e r i t has shrunk 
t o a t h i r d o f i t s o r i g i n a l w i d t h . At the e a s t e r n seaboard i t i s a 
few t h i n t h r e a d s . N o t i c e , e s p e c i a l l y , that 20 c a r s are shown as 
moving d a i l y be tween F l o r i d a and the P a c i f i c Coas t S t a t e s . Then 
turn t o F igu re 7 . which shows the average d a i l y number o f a l l 
p a s s e n g e r c a r s b e a r i n g l i c e n s e t a g s o f S t a t e s o t h e r than F l o r i d a , 
o b s e r v e d t o c r o s s the F l o r i d a l i n e , b y a c t u a l c o u n t s made on a l l 
the e n t e r i n g h ighways , and i t w i l l be seen tha t the combined wid th 
o f the t h r e e th reads ex t end ing i n t o the P a c i f i c Coas t S t a t e s r e p r e 
s e n t s 23 v e h i c l e s . Counted n e a r l y t h r e e thousand m i l e s away, the 
number o f the F l o r i d a - W e s t Coast i n t e r c h a n g e was 20. I t i s such 
agreements as t h i s tha t g i v e c o n f i d e n c e i n the a p p r o p r i a t e 
a c c u r a c y o f the su rvey r e s u l t s . However, i n t h i s c a s e the a g r e e 
ment was not q u i t e so c l o s e as the f i g u r e s on the two graphs 
i n d i c a t e , b e c a u s e the e a s t e r n count omi t s the number o f c a r s o f 
F l o r i d a r e g i s t r a t i o n that d a i l y s t a r t f o r o r r e t u r n from the C o a s t . 
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Of such t r a v e l e r s ano ther par t o f these c l o s e l y a r t i c u l a t e d p l ann ing 
su rveys - tho F l o r i d a road-usn s t u d i e s - d i s c o v e r s e x a c t l y t h r e e ; so 
tha t tho r e a l t o t a l as e s t ima ted at the ea s t e rn end was 2 6 , a c t u a l l y 
6 more than the wes te rn c o u n t , i n s t e a d o f t h r e e . 

But i f , as t h e s e graphs appear to show, tho a c t u a l amount o f 
our t r a n s c o n t i n e n t a l t r a f f i c i s i n s i g n i f i c a n t , and tho amount o f 
even the ha l f -v iay movement i s s m a l l , what do the su rvevs show to he 
the a c t u a l range o f the p reponderan t highway movement? For the 
answer t o that q u e s t i o n , see F i g u r e 8 which combines the road-use 
f i n d i n g s o f 1 1 S t a t e s t o show the range o f f r e q u e n c y o f the l e n g t h 
o f a l l one-way pas senge r c a r t r i p s which ex tend beyond tho l i m i t s 
o f c i t i e s and towns i n t h o s e 5 t a t e s . 

The shaded p o r t i o n s o f the bands' c o v e r the ranges between 
the maximum and minimum p e r c e n t a g e s o f the t o t a l t r a f f i c that com
p o s e the v a r i o u s t r i p - l e n g t h grour>s. The graph shows that i n one 
o f t h e s e 1 1 Str. tes k^.Z p e r c e n t o f a l l one-way highway t r i p s 
e x t e n d i n g o u t s i d e o f c i t i e s were t r i p s o f l e s s than 5 m i l e s . In 
ano the r S ta t e the p e r c e n t a g e o f t h i s s h o r t e s t c l a s s o f t r i p s was 
o n l y 2 5 • 7 * I n a l l the o t h e r S t a t e s the p e r c e n t a g e was somewhere 
be tween t h o s e l i m i t s . S i m i l a r l y , the l i m i t s o f the 5 - t o - l G m i l e 
p e r c e n t a g e s are 3C-9 p e r c e n t maximum, and 2 3 . C minimum. I t i s 
e v i d e n t tha t 3 0 m i l e s i s l o n g enough to span the range o f tho g r e a t 
m a j o r i t y o f a l l t r i p s ex t end ing beyond c i t y l i m i t s in t he se S t a t e s . 
The p e r c e n t a g e o f t r i p s o v e r 5 0 m i l e s in l e n g t h i s ex t r eme ly s m a l l , 
o v e r ICO m i l e s a ba re one or two p e r c e n t . Remember tha t these a re 
one-way t r i p s e x t e n d i n g beyond c i t y l i m i t s . I f a l l the i n t r a - c l t y 
t r i p s were i n c l u d e d t h e s e average ranges would b ? g r e a t l y s h o r t e n e d . 

Lea rn ing from t h i s graph t ha t most highway movements are 
v e r y sho r t v.ovements indeed - now turn t o F i g u r e 9 « which g i v e s 
some f u r t h e r v e r y s i g n i f i c a n t i n f o r m a t i o n about the c l a s s e s o f 
roads on which these movements o c c u r . The f a c t s he re r e p r e s e n t e d 
are ave rages from road -use s t u d i e s in 1 7 S t a t e s ; and a l t o g e t h e r 
they are v e r y r e p r e s e n t a t i v e S t a t e s . 

The graph shows that ^0.3 p e r c e n t o f the t o t a l annual motor 
v e h i c l e t r a v e l on a l l roads and s t r e e t s in t h e s e 1 7 S t a t e s o c c u r s 
on the main ru ra l highways "jid the s t r e e t s that connec t them a c r o s s 
c i t i e s . Of the b a l a n c e c f the t o t a l movement, the g r e a t e r pa r t -
3 0 . 8 p e r c e n t o f the t o t a l - o c c u r s on the l a r g e mi l eage « f o t h e r 
c i t y s t r e e t s , the n e i g h b o r h o o d s t r e e t s ; and s c a r c e l y more than 1 0 
p e r c e n t o f the t o t a l o c c u r s on a l l the s e c o n d a r y and l o c a l r u r a l 
r o a d s , wh ich , i n m i l e a g e , have e i " h t t imes the e x t e n t o f the group 
o f main h ighways . 
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We know now, t h e r e f o r e , that the grea t number o f mainly 
minute movements that make up the sum t o t a l o f s t r e e t and highway 
t r a f f i c , in t he se 1 7 S t a t e s at l e a s t , o c c u r in l a r g e s t par t on the 
main ru ra l highways and t h o i r t r a n s c i t y c o n n e c t i o n s , that a l e s s e r 
pa r t o c c u r s on the o t h e r c i t y s t r e e t s , and a l e a s t pa r t on t he 
s e c o n d a r y and l o c a l r u r a l r o a d s . 

Now, who engages in t h e s e movements? Are they c i t y p e o p l e 
o r c o u n t r y p e o p l e ? Are the road u s e r s urban or r u r a l ? W e l l , o f 
c o u r s e , they are b o t h ; but the two c l a s s e s are found i n d i f f e r e n t 
p r o p o r t i o n s on the s e v e r a l c l a s s e s o f r o a d s . The f a c t s are shown 
by F igu re 1 0 , which a l s o r e p r e s e n t s the average f i n d i n g s in the 
same 1 7 S t a t e s . From t h i s graph i t w i l l be seen tha t the main r u r a l 
highways and t h e i r t r a n s c i t y c o n n e c t i o n s are r e a l l y e v e r y b o d y ' s 
h ighways . F o r t y - t w o p e r c e n t o f t h e i r u se i s b y r u r a l motor v e h i c l e 
owners ; 5 ? p e r c e n t i s by urban owners . In t he se 1 7 S t a t e s the 
p o p u l a t i o n , at the t i n e o f the l a s t c e n s u s , was 3^ p e r c e n t r u r a l , 
6 2 p e r c e n t urban. That means that c o u n t r y and c i t y p e o p l e meet 
on t h e s e main a r t e r i e s in j u s t about the p r o p o r t i o n o f t h o i r r e l a 
t i v e numbers i n the t o t a l p o p u l a t i o n . But a g l a n c e at the b a r 
r e p r e s e n t i n g the o t h e r c i t y s t r e e t s w i l l show a q u i t e d i f f e r e n t 
s i t u a t i o n . N i n e t y - t h r e e p e r c e n t o f the t o t a l u se o f these s t r e e t s 
i s by urban v e h i c l e s ; o n l y 7 p e r c e n t i s "by r u r a l v e h i c l e s . And, 
then turn t o the l o c a l rura l road b a r at the o t h e r ex t reme , and i t 
w i l l be seen tha t $k p e r c e n t o f what has p r e v i o u s l y been shown to 
be the smal l usage o f t he se minor ru ra l r o a d s , i s b y ru ra l v e h i c l e s 
and o n l y l o p e r c e n t b y urban v e h i c l e s . 

These are not mere ly some more or l e s s i n t e r e s t i n g s t a t i s t i c s . 
They are v i t a l f i g u r e s that p o i n t some v e r y d e f i n i t e i n d i c a t i o n s 
as t o what we shou ld t r y to a c c o m p l i s h in our f u r t h e r road b u i l d i n g ; 
as t o the r e l a t i v e t r a n s p o r t a t i o n s e r v i c e tha t may be a f f c r d o d by 
improvement o f t h i s o r that c l a s s o f r o a d s ; as t o who w i l l b e n e f i t 
i f we do e i t h e r , and who, b e i n g b e n e f i t e d , s h o u l d pay the c o s t , and 
in what p r o p o r t i o n . 

They t e l l v e r y s h a r p l y , f o r example , tha t the k i n d o f t r a f f i c 
f o r which our road system should be d e s i g n e d i s a t r a f f i c that 
moves sho r t d i s t a n c e s , not l o n g - a t r a f f i c that moves in g rea t 
volume i n t o and out o f c i t i e s , but dwind les to much s m a l l e r p r o p o r 
t i o n s as c i t i e s are l e f t b e h i n d . I t i s t o the r e l a t i v e l y shor t 
s e c t i o n s o f main highways near c i t i e s , now d a n g e r o u s l y c l o g g e d by 
the l o c a l m u l t i p l i c a t i o n o f sho r t movement, that f i r s t a t t e n t i o n 
shou ld be g i v e n , as e v i d e n c e d b y the graphs p r e v i o u s l y p r e s e n t e d 
and b y the f i r s t t r a f f i c map o f the Un i t ed S t a t e s , p r e s e n t e d i n 
F i g u r e 1 1 . 
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O b v i o u s l y , f o r r easons o f pure e c o n o m i c s , the Rmo-.mt o f r t^d 
u s e r revenue a s s i g n e d t o the main highways o r t o any o t h e r group o f 
h ighways or s t r e e t s should not e x c e e d the sum t o t a l o f v e h i c u l a r 
o p e r a t i n g s av ings that i s made p o s s i b l e by the improvements p r o v i d e d . 
But w i t h i n t h i s l i m i t i t i s r e a s o n a b l e t o a s s i g n to any s u b d i v i s i o n 
o f <he whole highway sys tem, f o r i t s improvement , any pa r t o f the 
t o t a l a v a i l a b l e motor v e h i c l e r evenue , p r o v i d e d that in d o i n g so a 
p r o p e r re turn o f b e n e f i t s i s a s su r ed to each o f the two "big c l a s s e s 
o f read u s e r s - the urban and the ru ra l u s e r s . 

How such an appor t ionment can be made on the b a s i s o f the 
r ead -use s t a t i s t i c s s u p p l i e d b y the p l ann ing surveys o f each S ta te 
w i l l "~e demonst ra ted b y an example u s i n g the ave rage s t a t i s t i c s o f 
the 1 7 S t a t e s p r e v i o u s l y p r e s e n t e d . 
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A RATIONAL METHOD FQR APPORTIONING ROAD-USSR TAXES 
ASSURING ADEQUATE MAINTENANCE AND NEEDED DEVELOPMENT OP 
STATE-ADMINISTERED HIGHWAYS AND BENEFITS TO URBAN AND 

RURAL TAXPAYERS IN STRICT PROPORTION TO THE TAX PAYMENTS OF EACH GROUP 

Assume,.that t he re i s a t o t a l o f $ 2 0 , 0 0 0 , 0 0 0 o f Road-User Taxes t o he 
d i s t r i b u t e d . 

Assume f u r t h e r that the A c t u a l Usage o f Roads and S t r e e t s c o r r e s p o n d s t o 
the average usage as found i n 17 S t a t e s : 

That i s -
Main Highways and T r a n s - C i t y A r t e r i e s 
L o c a l C i t y S t r e e t s 
Secondary and L o c a l Roads 

And -

(58-9) 
s e r v e ( 3 0 . 8 ) P e r c e n t o f the 

( 1 0 . 3 ) T o t a l T r a f f i c 

Use o f each System "by Urban and Rural V e h i c l e s i s d i v i d e d as 
f o l l o w s : 

P e r c e n t a g e o f Use by -
Urban V e h i c l e s Rural V e h i c l e s 

Main Highways and T r a n s - C i t y A r t e r i e s 5 8 . 0 H 2 . C 
L o c a l C i t y S t r e e t s 9 3 . 0 7 - 0 
Secondary and L o c a l Roads 2 3 . 5 7 & . 5 

Under t he se c o n d i t i o n s , the T rave l o f Urban V e h i c l e s (and c o n s e q u e n t l y ) 
The Tax Payments o f Urban V e h i c l e Owners 

= .55 x 5 5 . 9 + . 9 3 x 3 0 . S + . 2 3 5 x 1 0 . 3 

= b S . 2 2 7 p e r c e n t o f the T o t a l Tax payments 
This b e i n g t r u e , e x p e n d i t u r e o f the $ 2 0 , 0 0 0 , 0 0 0 o f Road-User Revenue shou ld 

y i e l d - B e n e f i t s to Urban V e h i c l e Owners ~ 2 0 , 0 0 0 , 0 0 0 x . 6 5 2 2 7 

= $ 1 3 , c U 5 , U c o 

And -
B e n e f i t s t o Rural V e h i c l e Owners = 2 0 , 0 0 0 , 0 0 0 - 1 3 . O U 5 / 4 C C 

= $ 6 , 9 5 ^ . 6 0 0 

Now, s i n c e the Main Highways and T r a n s - C i t y A r t e r i e s c o n s t i t u t e the most 
v i t a l and h e a v i l y u s e d p o r t i o n o f the whole S t r e e t and Highway 
System and s i n c e i t i s a rgued tha t they shou ld b e suppor t ed b y 
Road-User Taxes s o l e l y , 

The Amount t o b e a l l o t t e d t o t he se most important highways should be equal 
to the de te rmined noeds f o r t h e i r adequate maintenance and d e s i r a b l e 
deve lopmen t . 

Assume tha t i n t h i s way i t has been de te rmined that -
The Need o f t he Main Highways and T r a n s - C i t y A r t e r i e s = $ 1 5 , 0 0 0 , 0 0 0 

From an e x p e n d i t u r e o f $ 1 5 , 0 0 0 , 0 0 0 on the Main Highways and T r a n s - C i t y 
A r t e r i e s Urban and Rural V e h i c l e Owners would b e n e f i t , i n p r o p o r t i o n 
t o t h e i r r e l a t i v e use o f t h e s e h ighways , as f o l l o w s : 

Urban V e h i c l e Owners 15,000,000 x .53 = $S,7CC,C00 
Rural V e h i c l e Owners 15 f C C C , C 0 C x , H 2 = $ 6 , 3 0 0 , 0 0 0 

This would l e a v e B a l a n c e s o f B e n e f i t s due Urban and Rural V e h i c l e Owners 
as f o l l o w s : 

Urban V e h i c l e Owners 1 3 , 0 ^ 5 , ^ 0 0 - 8,7CC fOCO = $ U , 3 ^ 5 , ^ 0 0 
Rural V e h i c l e Owners 6 , 9 5 * + , SCO - 6,300,C O O = $ G^k7G00 
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These B a l a n c e s o f 3 e n c f i t s due Urban and Rural V e h i c l e Owners w i l l he s u p 
p l i e d "by an appor t ionment o f the $5>0C0,C0G a v a i l a b l e remainder o f 
Road-User Taxes between L o c a l C i t y S t r e e t s and Secondary and L o c a l 
Roads , computed as f a l l o w s : 

Le t x = Amount to be a p p o r t i o n e d f o r L o c a l C i t y S t r e e t s 
y - Amount t o be a p p o r t i o n e d f o r Secondary and L o c a l Roads 

S u b s t i t u t i n g in E a u c t i o n ( l ) 
• 9 ^ 6 ^ 0 0 , ^ 1 6 ^ + ^ = U | 3 U 5 ] U 0 Q 

From which 
> = $^33 ,273 = Appor t ionment f o r Secondary and Rural Roads 

And 
'•< - 5 . 0 0 0 , 0 0 0 - 4 3 3 , 2 7 3 = $ U , 5 6 l , 7 2 7 = Appor t ionment f o r 

L o c a l C i t y S t r e e t s 

The above appor t ionmen t , i f c o r r e c t , shou ld y i e l d T o t a l B e n e f i t s t o 
Urban V e h i c l e Owners = $ 1 3 , o 4 5 , 4 o o 
Rural V e h i c l e Owners = $ 6 ,954,600 

I t a c t u a l l y y i e l d s 
B e n e f i t s t o Urban V e h i c l e Owners 

= .52 x 15 ,000 ,000 + ,93 x 4 , 5 6 1 , 7 2 7 + .235 x 43S,273 
= $13 ,C45 ,40C (Check) 

B e n e f i t s t o Rural V e h i c l e Owners 
= .42 x 15 ,000 ,000 + . 07 x 4 , 5 6 1 , 7 2 7 + .765 x 4 3 S , 2 7 3 
= $6,954,600 (Check) 

Then 
•93* + -235. - 4 , 3 4 5 , 4 0 0 
. 0 7 * + -7o5> - 654,600 

( 1 ) 
( 2 ) 

From Equa t ion (2) 
Y _ 654,600 - 7b5v 

TEST 
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But , a l t hough the r o a d - u s e s t a t i s t i c s o f the su rveys which , 
ma in ly , have been employed thus f a r , may b e u s e d , as has been shown, 
t o e f f e c t e q u i t a b l e d i s t r i b u t i o n s o f r o a d - u s e r t a x e s , they do no t 
t e l l how l a r g e such t a x e s may p r o p e r l y b e , in what amounts they a re 
needed , o r how they shou ld be l e v i e d upon the v a r i o u s c l a s s e s o f 
v e h i c l e s ; no r do they t e l l a n y t h i n g , s p e c i f i c a l l y , o f the k i n d o f 
improvements r e q u i r e d f o r the adequa te s e r v i c e o f t r a f f i c on the 
v a r i o u s p a r t s o f the highway sys tem, o r the c o s t o f such i m p r o v e 
ment s . 

For such a d v i c e as t h i s we must l o o k t o o t h e r r e s u l t s o f the 
p l a n n i n g su rveys and t o c e r t a i n supplementary i n v e s t i g a t i o n s a l r e a d y 
p l anned o r i n p r o g r e s s . 

As p r e v i o u s l y s u g g e s t e d , the upper l i m i t o f revenue tha t can 
p r o p e r l y be e x a c t e d o f r o a d - u s e r s i s the sum t o t a l o f o p e r a t i n g 
s a v i n g s tha t a c c r u e t o them as the r e s u l t o f a l l improvements o f the 
h ighways . For the e s t i m a t i o n o f such s a v i n g s the o n l y da ta a t 
p r e s e n t a v a i l a b l e a re t h o s e d e v e l o p e d some y e a r s ago b y the Iowa 
E n g i n e e r i n g Experiment S t a t i o n . I t i s r e a l i z e d tha t t he se da ta a re 
inadequa te f o r p r e s e n t use and arrangements a re now i n p r o g r e s s f o r 
new i n v e s t i g a t i o n s t o be c o n d u c t e d b y the same agency i n c o o p e r a t i o n 
wi th the Bureau o f P u b l i c Roads . These i n v e s t i g a t i o n s w i l l b e 
e x p e d i t e d in o r d e r that t h e i r r e s u l t s may be made a v a i l a b l e as 
p rompt ly as p o s s i b l e f o r i n d i c a t i o n o f the maximum l i m i t o f motor 
v e h i c l e t a x a t i o n . Meanwhile , the a v a i l a b l e da ta w i l l supp ly an 
approximate g u i d e , i f f u l l a l l o w a n c e i s made f o r the f a c t tha t the 
p o i n t o f d i m i n i s h i n g r e t u r n s p r o b a b l y l i e s w e l l b e l o w the maximum 
l i m i t . 

The needed t o t a l amount o f r o a d - u s e r t a x e s w i l l depend upon 
the annual c o s t o f the road inves tment t o be c r e a t e d and upon the 
amount o f revenue tha t may be e x p e c t e d t o a c c r u e from o t h e r s o u r c e s 
and forms o f t a x a t i o n . The p l a n n i n g surveys were d e s i g n e d to o b t a i n 
the da ta n e c e s s a r y f o r a d e t e r m i n a t i o n o f the p r o b a b l e u l t i m a t e 
e x t e n t o f the improved road sys t em. I t was t h e i r purpose to e s t i 
mate the annual c o s t o f p o s s e s s i n g such a system and t o i n d i c a t e 
the f i n a n c i a l means t ha t would b e r e g u l a r l y r e q u i r e d to meet t h i s 
c o n t i n u i n g c o s t . 

As b a s i s f o r the r e a s o n a b l e p a r t i t i o n m e n t o f c o s t s be tween 
motor v e h i c l e and r e a l p r o p e r t y t a x a t i o n the su rveys supply a 
g r e a t dea l o f i n f o r m a t i o n i n d i c a t i v e o f the d e g r e e s o f road 
s e r v i c e a f f o r d e d r e s p e c t i v e l y t o g e n e r a l t r a f f i c and a b u t t i n g 
p r o p e r t y . 
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The d e t e r m i n a t i o n o f road c o s t s w i l l depend upon p r e v i o u s 
d e c i s i o n s i n r ega rd t o the gene ra l s tandards o f road des ign n e c e s 
sa ry f o r accommodation o f the t r a f f i c t o he s e r v e d , as d e f i n e d "by 
the c h a r a c t e r as w e l l as the number o f v e h i c l e s ; and. f o r such 
d e c i s i o n s the surveys supply a wea l th o f i n f o r m a t i o n i n t h e i r 
v a r i o u s forms o f t r a f f i c da ta . 

The u s e s o f the t r a f f i c volume da ta a re r e l a t i v e l y o b v i o u s . 
The p u r p o s e s o f the da ta that d e f i n e the c h a r a c t e r o f v e h i c l e s a re 
t h r e e f o l d . F i r s t , t h e y supply dependable i n f o r m a t i o n i n r ega rd t o 
the ranges o f v a r i o u s v e h i c l e c h a r a c t e r i s t i c s ( i n c l u d i n g g r o s s l o a d s , 
wheel l o a d s , t i r e equipment and o v e r - a l l d imens ions ) t o be u s e d as 
the b a s i s f o r d e c i s i o n s upon r e g u l a t i o n s to l i m i t such c h a r a c t e r i s t i c s , 
which w i l l b e c o n s i s t e n t wi th the normal e x i s t i n g p r a c t i c e and such 
t r ends as may be r e v e a l e d . Second , t hey supp ly i n f o r m a t i o n r e g a r d 
i n g v e h i c l e c h a r a c t e r i s t i c s t o which the d e s i g n o f the reads must be 
adap ted , b o t h g e n e r a l l y and i n r e s p e c t t o v a r i o u s c l a s s e s and s e c 
t i o n s o f the highway system on which the c h a r a c t e r i s t i c s o f the 
t r a f f i c may v a r y . And t h i r d , t hey i n d i c a t e the p r o p o r t i o n a t e number 
o f v e h i c l e s in use that p o s s e s s each o f s e v e r a l g rades o f a c t u a l 
c h a r a c t e r i s t i c s ( a s d i s t i n g u i s h e d from the o f t e n m i s l e a d i n g nominal 
g r a d e s ) , as a b a s i s f o r the s c h e d u l i n g o f t ax r a t e s , a p p l i c a b l e to 
such g r o u p s , wh ich , when m u l t i p l i e d by the numbers o f u n i t s i n v o l v e d , 
w i l l p roduce from each group a t o t a l revenue c o n s i s t e n t wi th the 
road c o s t s i t s p r e s e n c e i n the t r a f f i c e n t a i l s . 

For p r o p e r e f f i c i e n c y and economy in the f u t u r e o p e r a t i o n o f 
the system o f highway t r a n s p o r t a t i o n i t i s o b v i o u s l y n e c e s s a r y that 
the re s h a l l e x i s t such c o n s i s t e n t r e l a t i o n s be tween the d e s i g n e d and 
r e g u l a t e d c h a r a c t e r o f v e h i c l e s , the d e s i g n o f the roads ?-,:\d the 
appor t ionment o f road c o s t s among v e h i c l e s , as a re here d e s c r i b e d . 
That such c o n s i s t e n t r e l a t i o n s have no t e x i s t e d i n the pa 1 ' 1, ond do 
not now e x i s t anywhere, i s due i n pa r t t o an u n f o r t u n a t e 1 •. ;w;-epancy 
between the nominal o r r a t ed c h a r a c t e r i s t i c s o f v e h i c l e s ai.d t h e i r 
a c t u a l c h a r a c t e r i s t i c s , and i n pa r t t o the l a c k o f the i n f o r m a t i o n , 
much o f i t now s u p p l i e d f o r the f i r s t t ime by the p l a n n i n g su rveys 
that would r e v e a l the want o f c o n s i s t e n c y and i n d i c a t e the n e c e s s a r y 
c o r r e c t i v e a c t i o n . 

For example , F igu re 12 p r e s e n t s some r e s u l t s o f the we igh ing 
o f t r u c k s in Maryland, t y p i c a l o f r e s u l t s o b t a i n e d g e n e r a l l y , which 
show d e f i n i t e l y tha t the s o - c a l l e d m a n u f a c t u r e r ' s r a t e d c a p a c i t y o f 
t r ucks i s no t i n d i c a t i v e o f the weight o f the l o a d s the t r u c k s w i l l 
and do a c t u a l l y c a r r y . In t h i s w e i g h i n g , as w i l l be o b s e r v e d , 3 t imes 
as many a c t u a l 5™ton l o a d s wore found on t r u c k s r a t e d as o f 1 - 1 / 2 
t ons c a p a c i t y as on t h o s e r a t e d as o f 5 t o n s c a p a c i t y . 
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In F i g u r e 13 a s i m i l a r l a c k o f a p p r o p r i a t e r e l a t i o n i s r e v e a l e d 
"between the maximum o v e r - a l l w id ths and the r a t e d c a p a c i t i e s o f the 
two c l a s s e s o f v e h i c l e s . 

F i g u r e l4 shows how, o f more than 4,000 l o a d e d b u s s e s t e s t e d 
in ohe S t a t e , n e a r l y o n e - f o u r t h a c t u a l l y weighed g r o s s , more than the 
g r o s s weigh t f o r which they were l i c e n s e d and f o r which t h e i r owners 
had p a i d a l i c e n s e f e e . And i t shows, a l s o , how n e a r l y 7 p e r c e n t o f 
t he se b u s s e s weighed empty more than the l o a d e d g r o s s weight f o r which 
they were l i c e n s e d . 

And F i g u r e 15 e x p l a i n s how, i n s t i l l ano the r S t a t e , the e x i s t 
i n g law pe rmi t s the e x t r e m e l y i l l o g i c a l r e s u l t o f the h e a v i e r l o a d s 
p a y i n g the l i g h t e r f e e s . The law s e t s a s l i d i n g s c a l e o f f e e s which 
i s supposed to e x a c t from the h e a v i e r l o a d s a payment that i n c r e a s e s 
i n g r e a t e r r a t i o than the r e g i s t e r e d c a p a c i t y . B u t , i t a l s o p r o 
v i d e s tha t a s e m i t r a i l e r s h a l l pay o n l y o n e - h a l f as much as a t r u c k 
o f the same r a t e d c a p a c i t y . 

The two s i d e s o f the diagram r e l a t e , one t o P r i v a t e Trucks 
and Combina t i ons , and the o t h e r t o F o r - H i r e Trucks and Combina t ions . 
I t w i l l be n e c e s s a r y t o r e f e r o n l y t o the l e f t o r p r i v a t e t r u c k s i d e 
to i l l u s t r a t e the p o i n t . 

R e f e r r i n g , then , to the l o w e r l e f t - h a n d p o r t i o n o f the d i a 
gram i t w i l l be s een , b y the r e l a t i v e l e n g t h s o f the l i g h t and b l a c k 
ba r s r e s p e c t i v e l y , that the ave rage l o a d s a c t u a l l y c a r r i e d on t r u c k s 
o f each r a t e d c a p a c i t y ( a s t hey were weighed on the road) were c o n 
s i d e r a b l y l e s s than the average l o a d s a c t u a l l y c a r r i e d by t r a c t o r -
s e m i t r a i l e r c o m b i n a t i o n s o f the same r a t i n g s . For example, the 
average c a r r i e d l o a d f o r 4 - t o n t r u c k s was 3'22 t o n s ; but f o r 4 - t o n 
t r a c t o r - t r a i l e r c o m b i n a t i o n s i t was 6 . 4 o t o n s , j u s t about -.wice as 
much. Bu t , i n the mat te r o f payment, the d i f f e r e n c e was f g" the 
o t h e r way, as w i l l be seen b y compar ing the f i g u r e s insert-..d w i t h i n 
the b a r s . From t h e s e i t w i l l be seen , f o r i n s t a n c e , that f o r the 
4 - t o n t r u c k s which a c t u a l l y were, found , on the a v e r a g e , t o c a r r y 
o n l y 3 22 t o n s , the l i c e n s e f e e e x a c t e d was $150; whereas , f o r the 
4 - t c n .". '. '-.Mnations, which c a r r i e d an average o f o.4o t o n s , the f e e 
r e q u i r e d was o n l y $45, equal to the $30 r e q u i r e d f o r a 2 - ton 
t r a c t o r and h a l f t ha t sum f o r a 2 - ton s e m i t r a i l e r . 

To see the e f f e c t o f a l l t h i s on the c o s t o f t r a n s p o r t a t i o n 
b y the two c l a s s e s o f v e h i c l e s , l o o k a t the upper l e f t - h a n d d iag rams . 
There i t w i l l be seen t h a t , upon the b a s i s o f t he l e g a l s chedu le o f 
f e e s the 4 - t o n t r u c k s p a i d f e e s o f $46.58 P s r t o n o f a c t u a l c a r r i e d 
l o a d and the 4 - t o n t r a c t o r - s e m i t r a i l e r c o m b i n a t i o n s p a i d $7*03 p e r 
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t o n a c t u a l l y c a r r i e d . Here , i t would seem, i s a c o n s p i c u o u s i n s t a n c e 
o f d i s c r e p a n c y be tween road s e r v i c e and road payment that need o n l y 
be r e v e a l e d , as i t has been b y the p l a n n i n g s u r v e y , t o be c o r r e c t e d . 

Bu t , a l t hough the da ta c o l l e c t e d in the p l a n n i n g surveys 
supp ly the b u l k o f the i n f o r m a t i o n n e c e s s a r y f o r e s t ab l i shmen t o f 
the d e s i r a b l e c o n s i s t e n t r e l a t i o n be tween the d e s i g n o f the roads 
and the use o f them, and payment f o r them b y v e h i c l e s , they do not 
supp ly a few v e r y e s s e n t i a l f a c t s . These m i s s i n g f a c t s are some tha t 
r e l a t e t o the dynamics o f the t r a f f i c , as d i s t i n g u i s h e d from i t s 
vo lume, and the we igh t s and d imens ions o f i t s u n i t s . Highway d e s i g n , 
u n t i l r e c e n t l y , has p a i d scant a t t e n t i o n t o the needs o f r a p i d l y moving 
v e h i c l e s . In e x t e n u a t i o n i t may be s a i d that the movement has not 
l o n g been so r a p i d as t o r e q u i r e s p e c i a l c o n s i d e r a t i o n , and a l s o 
that i n the p i o n e e r phase o f road b u i l d i n g , from which we have o n l y 
j u s t emerged, the paramount need o f a mere ly p a s s a b l e road s u r f a c e 
p r e v e n t e d a t t e n t i o n t o what would have been c o n s i d e r e d e x c e s s i v e 
re f inement o f d e s i g n . So , we may e x p l a i n the p r e o c c u p a t i o n o f the 
e a r l y road d e s i g n e r w i th such s t a t i c economics as the b a l a n c i n g o f 
c u t s and f i l l s , h i s ea sy a c c e p t a n c e o f t o r t u o u s a l i gnmen t , and h i s 
l o n g - t i m e s c o r n o f even such s imple c o n c e s s i o n t o the movement o f 
v e h i c l e s as the s u p e r e l e v a t i o n o f c u r v e s . 

Th i s f o r m e r l y i g n o r e d q u a l i t y o f the t r a f f i c i s r e c o g n i z e d 
today as a c o n d i t i o n o f major impor t ance , g o v e r n i n g the d e s i g n o f 
the modern h ighways . The s t e e p g r a d e s , sharp c u r v e s , and shor t 
s i g h t d i s t a n c e s p r e s e n t in the e x i s t i n g roads a r e r e c o g n i z e d as 
d e f e c t s and, as such , have been d e f i n i t e l y l o c a t e d b y s p e c i a l 
i n v e n t o r y p r o c e s s e s i n o rde r t ha t t hey may b e c o n s i d e r e d f o r c o r r e c 
t i o n . Such c o r r e c t i o n w i l l c o n s t i t u t e a g o o d p a r t o f the work o f 
needed m o d e r n i z a t i o n , d e t e r m i n i n g , i n l a r g e measure , the c o s t s o f 
the work . 

But though the d e f e c t s a re appa ren t , the p l a n n i n g o f c o r r e c 
t i v e measures c a l l s f o r c e r t a i n p r e c i s e i n f o r m a t i o n c o n c e r n i n g the 
dynamics o f t r a f f i c f l o w tha t the p l ann ing su rveys do not supp ly 
and tha t i s no t o t h e r w i s e a v a i l a b l e . I t i s not n e c e s s a r y tha t t h i s 
i n f o r m a t i o n be sought i n e v e r y S t a t e . Determined anywhere, most o f 
the p r i n c i p l e s are everywhere a p p l i c a b l e , and the Bureau o f P u b l i c 
Roads has under taken to meet the need by s p e c i a l s t u d i e s , begun 
l a s t summer, which I t e x p e c t s t o c o m p l e t e i n t he c u r r e n t y e a r . 

Among these s t u d i e s are the i n v e s t i g a t i o n s o f the h i l l - c l i m b 
i n g a b i l i t y o f motor t r u c k s and t r a c t o r - t r a i l e r c o m b i n a t i o n s , e a r l y 
r e s u l t s o f which a re shown i n F i g u r e l 6 . The c u r v e s on the l e f t 
show the minimum speed to which t r u c k s and c o m b i n a t i o n s o f v a r i o u s 
g r o s s w e i g h t s were r educed i n c l i m b i n g a l o n g 6 p e r c e n t g r a d e . Those 
on the r i g h t show the speed o f v e h i c l e s o f the s e v e r a l weight c l a s s e s 



VARIATION OF SPEED WITH 
GROSS WEIGHT 

(_MINIMUM SPEED ON A SIX PER CENT GRADE) 

VARIATION OF SPEED ON A 
SIX PER CENT GRADE 

AVERAGE GROSS VEHICLE WEIGHT - THOUSANDS OF POUNDS 
(AV IN EACH GROSS WEIGHT CLASS) 170 FT. SECTIONS ON GRADE 

U S BUREAU OF P U B L I C ROADS - DIVISION OF HIGHWAY TRANSPORT 

F I G U R E 1 6 



- 17 -

as i t was reduced, "by the h i l l from that at which tho ascen t was begun 
t o the minimum shown in the o the r graph. There w i l l "be l i t t l e d i s 
agreement - 7 i t h the thought that the speeds t o which most o f the 
h e a v i e r v e h i c l e s were reduced "by t h i s grade are such as t o c r e a t e a 
t r o u b l e - p r o v o k i n g c o n d i t i o n on a t w o - l a n e road , e s p e c i a l l y i f s i g h t 
d i s t a n c e i s g r e a t l y r e s t r i c t e d . 

A l t e r n a t i v e c o r r e c t i v e measures tha t sugges t themse lves f o r 
such c o n d i t i o n s as t h i s a r e : ( l ) r educe the s t e e p e r g r a d e s ; (2) add 
an o u t e r l a n e f o r t r u c k s on the u p h i l l s i d e o f the s t e e p e r g r a d e s ; 
(3) ex tend s i g h t d i s t a n c e s ; (U) i n c r e a s e the power and h i l l - c l i m b i n g 
a b i l i t y o f t r u c k s . A c h i e v e d by any o f t h e s e measures the c o r r e c t i o n 
w i l l i n v o l v e a c e r t a i n c o s t , the amount o f which i n any case i s l i k e l y 
t o "be l a r g e in the a g g r e g a t e . The q u e s t i o n o f c h o i c e "between the 
s e v e r a l measures i s one which j u s t i f i e s the most c a r e f u l s tudy , and, 
i t i s perhaps u n n e c e s s a r y t o say , i n v o l v e s and tu rns upon the q u e s t i o n 
o f who i s t o pay the c o s t . 

The f u r t h e r t e s t s o f t h i s k ind tha t w i l l be made w i l l supply 
da ta c o v e r i n g a range o f g rades and v e h i c l e s o f v a r i o u s r e p r e s e n t a t i v e 
w e i g h t s and makes i n new, w e l l ma in t a ined , and p o o r c o n d i t i o n s . These 
da ta w i l l be g e n e r a l l y a p p l i c a b l e to the grade c o n d i t i o n s r e c o r d e d b y 
the p l a n n i n g s u r v e y s . 

Another group o f t e s t s , a l s o begun l a s t summer ( t h e s e i n c o o p 
e r a t i o n wi th t he I l l i n o i s p l a n n i n g survey s t a f f ) aims t o answer the 
important q u e s t i o n o f the t r a f f i c c a p a c i t y o f h ighways o f v a r i o u s 
w i d t h s . F igu re 17 p r e s e n t s an e a r l y r e s u l t o f t h e s e s t u d i e s tha t 
g i v e s c o n v i n c i n g e v i d e n c e o f t h e i r u s e f u l n e s s . 

ffith the s p e c i a l appara tus d e v e l o p e d >»y the Bureau, i t was 
p o s s i b l e t o measure the speed o f a l l v e h i c l e s p a s s i n g through the 
t e s t s e c t i o n and a l s o r e c o r d the v a r i o u s t i n e i n t e r v a l s tha t 
s e p a r a t e d each v e h i c l e from i t s p r e d e c e s s o r and i t s s u c c e s s o r . I t 
s h o u l d b e o b s e r v e d tha t the t o t a l amount o f t r a f f i c p a s s i n g i n b o t h 
d i r e c t i o n s o v e r the t w o - l a n e t e s t s e c t i o n dur ing the p e r i o d s r e p r e 
s e n t e d i n t h i s f i g u r e v a r i e d from 1,200 t o 1,500 v e h i c l e s pe r h o u r , 
a v e r a g i n g 1 ,351. 

The diagram shows, f o r each h o u r l y volume o f t r a f f i c in one 
l a n e , v a r y i n g from ICO t o 1,200, the number o f t imes per hour when 
the i n t e r v a l s between s u c c e e d i n g v e h i c l e s e x c e e d e d c e r t a i n t ime 
i n t e r v a l s , the s e v e r a l cu rves r e p r e s e n t i n g the v a r i o u s i n t e r v a l s 
in s e c o n d s , such as 1 , 2, 3. 5. d so f o r t h , up t o 50* 

On each volume o r d i n a t e the d i s t a n c e , measured t o the 
o r d i n a t e s c a l e , between a l+5~degroe l i n e and the t o p curve r e p r e 
sen t s the number o f t imes pe r hour t he se s e p a r a t i n g i n t e r v a l s were 
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l e s s than one s e c o n d . The space "between the one and t w o - s e c o n d l i n e s 
r e p r e s e n t s the number o f t imes the i n t e r v a l was be tween one and two 
seconds i n l e n g t h ; and, s i m i l a r l y , the o t h e r v e r t i c a l spaces between 
c u r v e s , measured a l o n g the o r d i n a t e l i n e s , r e p r e s e n t the f r e q u e n c y o f 
o c c u r r e n c e o f i n t e r v a l s o f o t h e r t ime l e n g t h s . 

In f i g u r a t i v e l a n g u a g e , t h e s e spaces be tween the c u r v e s r e p r e 
sent the number o f t imes pe r hour when the " h o l e s in the t r a f f i c , " 
tha t i s the spaces be tween v e h i c l e s were o f v a r i o u s magni tudes , 
measured in t i m e . Knowing the average speed , i t i s p o s s i b l e to c o n 
v e r t t h e s e t ime i n t e r v a l s i n t o approximate space i n t e r v a l s , and 
computed in t h i s way, the space i n t e r v a l c o r r e s p o n d i n g t o a t ime 
i n t e r v a l o f 20 s e c o n d s was j u s t about 1 ,000 f e e t . 

Now i t i s p o s s i b l e to compute from the o b s e r v e d da ta f o r each 
h o u r l y volume o f t r a f f i c the p e r c e n t a g e o f the ave rage hour when the 
" h o l e s in the t r a f f i c " moving on the one l ane were o f l e s s than t h i s 
2 0 - s e c o n d o r 1 ,000 f o o t l e n g t h . 

For the h o u r l y volume o f 100 v e h i c l e s t h i s p e r c e n t a g e was 
1 0 -5 ; £o r 1,200 v e h i c l e s per hour i t was 93*8. That i s , wi th a 
volume o f 1 ,200 v e h i c l e s p e r l a n e pe r hour the " h o l e s i n the t r a f f i c " 
were s h o r t e r than 1 ,000 f e e t f o r 93'8 p e r c e n t o f the h o u r . 

With 200 v e h i c l e s per l a n e , pe r h o u r , the " h o l e s " were s h o r t e r 
than 20 s e c o n d s ( o r 1 ,000 f e e t ) 18 .4 pe r cen t o f the t i m e . At 400 
v e h i c l e s p e r hour the p e r c e n t a g e r i s e s t o 33•3J a* &00 ^o ^S*5« 

Le t the r e a d e r t h ink o f such streams o f t r a f f i c as oncoming 
i n t he o p p o s i t e d i r e c t i o n to that i n which he i s t r a v e l i n g . He wishes 
t o p a s s a v e h i c l e ahead o f him i n h i s own l a n e , and t o do so he must 
e n t e r t he o p p o s i t e l a n e in one o f t h o s e t r a f f i c " h o l e s . " To c o m p l e t e 
the maneuver assume tha t he needs a 2 0 - s e c o n d o r 1 ,000 f o o t h o l e . 
Then, i f the t r a f f i c in the o t h e r l a n e has a volume o f 200 pe r h o u r , 
a c c o r d i n g t o t he se t e s t r e s u l t s , a h o l e o f the n e c e s s a r y l e n g t h 
would not be a v a i l a b l e f o r 1 8 . 4 p e r c e n t o f t he t i m e . 

But the r e a l c o n d i t i o n i s worse than t h i s ; b e c a u s e even when 
the " h o l e s " t hemse lves a re l o n g e r than 20 s econds t h e r e i s a lways a 
l a t t e r end o f such h o l e s which i s o f s h o r t e r d u r a t i o n . I f we take 
t h i s i n t o a c c o u n t , the par t o f the t ime when p a s s i n g r e q u i r i n g a 2 0 -
second i n t e r v a l would not be p o s s i b l e r i s e s , f o r the volume o f 200 
v e h i c l e s p e r l a n e , p e r hour , to 5 3 p e r c e n t . 

Now, c o n s i d e r tha t to be u s e f u l f o r p a s s i n g the a v a i l a b i l i t y 
o f a " h o l e " in the o p p o s i t e l ane must e x i s t c o i n c i d e n t a l l y w i th the 
p r e s e n c e o f a s i g h t d i s t a n c e s u f f i c i e n t to r e v e a l the e x i s t e n c e o f 
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the h o l e , arid you ^ i l l see tha t the p r o b a b i l i t y o f these c o n d i t i o n s 
o c c u r r i n g c o i n c i d e n t a l l y vh-r.-r. lar.o volume i s 20C p e r hour i s r e a l l y 
no t t o o g r e a t . 

As 200 v e h i c l e s ner h o u r , pe r l ane o f b a l a n c e d t r a f f i c , i s 
r o u g h l y e q u i v a l e n t to U , 000 v e h i c l e s pe r day, i t may be seen tha t 
at such a d e n s i t y a t w o - l a n e road may be not f a r from i t s c o n g e s 
t i o n - f r e e c a p a c i t y . T h i s app rox ima t ion i s g i v e n not as an immedia te ly 
u s a b l e g e n e r a l i s a t i o n , but r a t h e r as tho c o n c l u s i o n o f a demons t ra t ion 
o f the u t i l i t y and a p p l i c a t i o n o f the highway c a p a c i t y s t u d i e s , from 
which a c t u a l l y u s a b l e g e n e r a l i z a t i o n s should be s h o r t l y f o r t h c o m i n g . 

In t h i s n e c e s s a r i l y s k e t c h y e x p o s i t i o n o f some of the u s e s o f 
the p l a n n i n g s u r v e y s , mention w i l l be made o f o n l y one more i tem o f 
v a l u a b l e i n f o r m a t i o n that i s b e i n g e s t a b l i s h e d b e f o r e c o n c l u d i n g wi th 
a s u g g e s t i o n o f a way i n which a l l i t ems may be s y n t h e s i z e d i n t o a 
g e n e r a l program p l a n n i n g method. 

The one i tem t o r?hich b r i e f r e f e r e n c e must be made i s the 
i n f o r m a t i o n , that i s b e i n g s y s t e m a t i c a l l y c o m p i l e d , that t ends t o 
i n d i c a t e the normal l i f e o f v a r i o u s e lements o f the road s t r u c t u r e . 
F i g u r e 18 shows t y p i c a l s u r v i v o r c u r v e s f o r v a r i o u s t y p e s o f road 
s u r f a c e r e s u l t i n g from s t u d i e s o f t h i s s o r t . 

For pu rposes o f f u r t h e r d i s c u s s i o n , we s h a l l c o n s i d e r t he se 
a c t u a l , c o m p l e t e s u r v i v o r c u r v e s f o r t h r e e d i f f e r e n t t y p e s o f road 
s u r f a c e as r e p r e s e n t a t i v e o f t h r e e gene ra l t y p e s o f l i f e e x p e r i e n c e , 
c a l l i n g the one n e a r e s t t c the l e f t Type S~3, the middle one Type 
L - 2 , and the one t o the r i g h t Type S -U. In F i g u r e 19 s e v e r a l 
v a r i a n t s o f the two Types L - 2 , and S-U have been r e p r o d u c e d , i n 
each g roup o f which the gene ra l c h a r a c t e r i s t i c s o f the s e v e r a l 
c u r v e s a r e a l i k e . The s e v e r a l c u r v e s o f each g roup r e p r e s e n t each 
a d i f f e r e n t average l i f e , the one i n each group f u r t h e s t t o the l e f t 
an ave rage l i f e o f 5 y e a r s , the one f u r t h e s t t o the r i g h t an average 
l i f e o f 30 y e a r s . The diagrams show how t h e s e two s e t s o f type 
c u r v e s can be u s e d t o f o r e c a s t the p robab le , ave rage l i f e o f two 
groups o f roads o f which we have thus f a r o n l y the stub c u r v e s , A 
a i d 3 . Of the groups r e p r e s e n t e d b y b o t h c u r v e s 20 pe rcen t o f the 
o r i g i n a l m i l eage s t i l l s u r v i v e s , f o r g roup A at the end o f 22 y e a r s , 
and f o r group B at the end o f IS y e a r s . The purpose i s t o e s t ima te 
what w i l l be the ave rage l i f e o f the v h o l e g roup a s i t w i l l be 
r e v e a l e d when, f i n a l l y , the l a s t m i l e o f each group i s r e t i r e d 
from s e r v i c e . As w i l l be o b s e r v e d , t h i s i s done b y matching the 
two s tub c u r v e s a g a i n s t the a v a i l a b l e systems o f type c u r v e s . In 
t h i s way, i t i s found tha t Curve A f i t s Type Curve L - 2 f o r an 
ave rage l i f e o f 17 y e a r s ; w h i l e Curve B f i t s Type Curve S-U f o r an 
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ave rage l i f e o f l 6 y e a r s . We, t h e r e f o r e * e s t i m a t e that the f i n a l 
ave rage l i f e o f the whole group o f roads r e p r e s e n t e d b y Curve A w i l l 
be 17 y e a r s , and tha t o f the roads r e p r e s e n t e d by Curve B w i l l b e l 6 
y e a r s . 

Employing such methods as t h e s e , i t i s hoped that the r o a d -
l i f e s t u d i e s o f the su rvey w i l l s h o r t l y i n d i c a t e , at l e a s t , what 
r e a s o n a b l e assumpt ions may now be made c o n c e r n i n g the average l i f e 
p e r i o d o f v a r i o u s p h y s i c a l e lements o f the road inves tmen t ; and, 
c o n t i n u e d , w i l l permi t the a c c u r a c y o f such e s t i m a t e s t o be s t e a d i l y 
r e f i n e d . The need o f such r e a s o n a b l e assumpt ions o r e s t i m a t e s 
a r i s e s in the d e t e r m i n a t i o n o f annual road c o s t s , a working knowledge 
o f which i s e s s e n t i a l f o r p l a n n i n g o f the f u tu r e road program. 

A method o f approach toward such p l a n n i n g , employ ing a l l o f 
the da ta d e v e l o p e d by the p l a n n i n g s u r v e y s , i s i n d i c a t e d d iagram
mat ic a l l y in F i g u r e 2 0 . The cu rve i n the l o w e s t r e c t a n g l e shows, 
f o r any g roup o f h ighways , the number o f m i l e s s e r v i n g each l e v e l 
o f t r a f f i c vo lume. The b r a c k e t s at the bo t tom i n d i c a t e the 
d e c i s i o n s that must be made c o n c e r n i n g the t y p e , w id th , and average 
annual c o s t o f the s u r f a c e s and o t h e r improvements r e q u i r e d f o r 
c l a s s e s o f t he se roads s e r v i n g the s e v e r a l b r o a d ranges o f t r a f f i c 
vo lume . Such d e c i s i o n s w i l l be made upon e v i d e n c e s u p p l i e d b y a l l 
phases o f the p l a n n i n g s u r v e y s , i n c l u d i n g the road l i f e and t r a f f i c 
c a p a c i t y and o t h e r s p e c i a l s t u d i e s , and upon the b a s i s o f i n f o r m a 
t i o n s u p p l i e d b y p h y s i c a l r e s e a r c h e s and e x p e r i e n c e . 

B e g i n n i n g w i t h the s e c t i o n o f g r e a t e s t t r a f f i c volume in the 
group and accumula t ing the mi l eage down the s c a l e o f t r a f f i c volume 
g i v e s the Cumulat ive Mi l eage Curve o f the middle r e c t a n g l e , and 
m u l t i p l y i n g the o r d i n a t e s o f t h i s cu rve by the a p p r o p r i a t e average 
annual c o s t s pe r m i l e g i v e s the Cumulat ive Cost Curve . 

This Cumulat ive Cost Gurve i s r epea t ed in the upper r e c t a n g l e 
in o r d e r t o compare i t wi th what i s d e s i g n a t e d as a Cumulat ive 
Revenue Curve, formed b y m u l t i p l y i n g the accumula ted p roduc t o f 
m i l e s and volume f o r each t r a f f i c volume increment by the ave rage 
motor v e h i c l e t ax ea rn ing o f one v e h i c l e - m i l e . A s i m i l a r compar i son 
may be made between cumula t ive c o s t s and cumula t i ve v e h i c l e o p e r a t 
i ng s a v i n g s b y u s i n g , as the m u l t i p l y i n g f a c t o r a p p l i e d t o 
v e h i c l e - m i l e s , the e s t i m a t e d s av ing p e r v e h i c l e - m i l e a f f o r d e d b y 
each c l a s s o f improved r o a d . As p r e v i o u s l y s u g g e s t e d , such s a v i n g s 
may be assumed to r e p r e s e n t the a b s o l u t e l i m i t o f motor v e h i c l e 
t a x a t i o n , a l i m i t tha t i s p r o b a b l y , however , w e l l beyond the p o i n t 
o f d i m i n i s h i n g r e t u r n s . 
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C o n s t r u c t i n g such a Cumulative Rcvonuc Curve f o r any assumed 
t o t a l t a x r a t e and comparing i t wi th the cu rve o f Cumulat ive Cost 
w i l l show "what pa r t o f the w h o l e road sys tem c o u l d be suppor t ed b y 
motor v e h i c l e t a x e s a t the assumed r a t e . 

In the example i t w i l l be o b s e r v e d tha t t he c u m u l a t i v e 
revenues and c o s t s a r c i n b a l a n c e f o r tho roads o f g r e a t e r t r a f f i c 
volume down t o a volume i n d i c a t e d by tho i n t e r s e c t i o n o f the two 
c u r v e s a t A . For a l l roads o f l e s s e r t r a f f i c volume the cumula t i ve 
c o s t s e x c e e d the cumula t ive r e v e n u e s ; but an a d d i t i o n a l r e v e n u e , i n 
amount x , i s accumula ted b y t h e s e l e s s o r roads which may be fu r the r 
a p p l i e d to t he suppor t o f a d d i t i o n a l m i l e a g e c a r r y i n g t r a f f i c volumes 
i n o x c e s s o f t h a t i n d i c a t e d a t p o i n t B. The a d d i t i o n a l Cumulative 
C o s t , y , c f t he remaining m i l e a g e , s e r v i n g l o s s than t h i s t r a f f i c 
v o l u m o , i s t he n o t e x c e s s o f c o a t o f t h o whole system, o v e r t o t a l 
r c v o n u o s , p r o d u c e d a t the assumed rate- o f motor v e h i c l e t a x e s . To 
r e p r e s e n t the e f f e c t o f any s u b s i d y c x t e n d o d t o such a group o f 
r o a d s , such as a p o r t i o n o f r cvonuc earned b y ano ther group o f 
highways o r s t r e e t s , or an a p p r o p r i a t i o n from p r o p e r t y t a x e s , 
Fede ra l a i d , e t c . , the Cumulat ive Rcvonuc Curve would be r a i s e d 
u n i f o r m l y by t he amount o f the s u b s i d y , and thus would c r o s s the 
Cumulat ive Cost Curve fu r the r devn the s c a l e o f t r a f f i c vo lume , i f 
i t c r o s s e d a t a l l . 

The group c o m p r i s i n g reads o f t h o g r e a t e r t r a f f i c d e n s i t i e s , 
i n d i c a t e d b y any such a n a l y s i s t o b e s u p p o r t a b l e a t any assumed 
r a t e o f v e h i c l e t a x a t i o n , car. be seen upon a nap as a l l t h o s e s e c 
t i o n s o f roads having t r a f f i c d e n s i t i e s above t h o i n d i c a t e d minimum. 

Such a group o f roads i n on..:, c o u n t y i s s u g g e s t e d i n F igure 21 
b y the s o l i d b l a c k l i n o s . As i n d i c a t e d b y tho d o t t e d b l a c k l i n e s , i t 
i s p r o b a b l e t ha t any such group e f roads would b o d i s c o n t i n u o u s i n 
c e r t a i n s e c t i o n s . Such g a p s , i f f i l l e d , would n e c e s s a r i l y be suppor t ed 
b y some f o r n o f s u b s i d y , as would any o t h e r a d d i t i o n s t o the sys tem. 

By such a p r o c e s s t he c o n t i n u i n g c o s t s o f a g roup o f improved 
highways can be b a l a n c e d a g a i n s t t h o v e h i c l e t a x ea rn ings o f the same 
g r o u p , suppl oriented o r n o t , as tho case may b e , b y revenues f rom 
o t h e r s o u r c e s . 'Than such a b a l a n c e o f p a r t i c u l a r h ighway improve 
ments a g a i n s t p a r t i c u l a r suns c f revenue cart bo thus s p e c i f i c a l l y 
d e s c r i b e d , when d e f i n i t e roads on a ix'.p can bo shown t o be the o n l y 
roads p o s s i b l e o f p o s s e s s i o n wi th im t h e incoi.x: from d e f i n i t e t ax 
s o u r c e s , them wc s h a l l have a road program, r a t i o n a l l y d e v e l o p e d . 
The e s t a b l i s h m e n t o f such a progra:.;, as n e a r l y as may be p r a c t i c a b l e , 
i s the f i n a l o b j e c t i v e c f t h o highway p lann ing s u r v e y s . 
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