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Research on the p r o b l e m of d e t e r m i n i n g the r e l a t i onsh ip 
between highway costs and veh ic le s ize has been i n p r o g r e s s 
at The Ohio State U n i v e r s i t y f o r m o r e than f o u r yea r s under 
the sponsorship of f o u r t r u c k i n g f i r m s and the Ohio T r u c k i n g 
A s s o c i a t i o n . M o s t r ecen t l y , a f i n a l r e p o r t cove red the en t i r e 
cost ass ignment f o r the condi t ions and expendi tures of the 
Ohio Depar tment of Highways . The p resen t paper discusses 
the p r o b l e m s associa ted w i t h the development of cost r e spon 
s i b i l i t y f o r the studies to date . 

Spec i f i ca l ly , the paper cove r s the f o l l o w i n g phi losophies 
that can be u t i l i z e d i n cost ass ignment p r o b l e m s : 

1. Use of t h e o r e t i c a l v s e m p i r i c a l r e l a t i ons between 
v e h i c l e p a r a m e t e r s and cos t i t e m s . 

2. T h e o r e t i c a l v s engineer ing solu t ions w h e r e i n s ing l e -
va lued r e s u l t s a r e obta ined. 

3. D i r e c t o r i n d i r e c t sources of cost r e s p o n s i b i l i t y . 
4. D i s t r i b u t i o n of i n d i r e c t costs , c l a s s i c a l l y designated 

as engineer ing o r a d m i n i s t r a t i o n . 

Several p r a c t i c a l d i f f i c u l t i e s tha t must be ove rcome i n as
sessing cost r e s p o n s i b i l i t y also a r e d iscussed, such as: ( a ) 
combin ing cap i t a l i m p r o v e m e n t cos ts w i t h annual cos ts f o r 
maintenance and opera t ions , (b ) combin ing of cost f a c t o r s 
c o n t r o l l e d by weigh t r e q u i r e m e n t s w i t h those c o n t r o l l e d by 
f a c t o r s o ther than weight , ( c ) in f luences of t r a f f i c data on 
the ass ignment of costs to v a r i o u s highway use r groups , and 
(d) ex t rapo la t ion of e m p i r i c a l data to inc lude veh ic l e s izes 
g rea t e r than c u r r e n t l y au tho r i zed . 

The paper concludes that the genera l shape of the cu rve 
f o r cost v s v e h i c l e - s i z e i s ava i l ab le . F u r t h e r m o r e , based 
on a g iven annual expendi ture by a h ighway depar tment , 
reasonable es t imates of d i f f e r e n t i a l cost can be obta ined. 
However , t h e o r e t i c a l answers to the cos t - s i ze p r o b l e m w i l l 
not be ava i lab le u n t i l the es tabl i shment of m o r e r a t i o n a l 
methods f o r des ign, p a r t i c u l a r l y f o r highway geomet r i e s 
and the r e l a t e d cost f a c t o r s . 

• T H E R E i s no c o m p l e t e l y r a t i o n a l method f o r developing the r e l a t i onsh ip between v e 
h i c l e s ize and the highway costs wh ich a r e r e q u i r e d to p r o v i d e a f a c i l i t y f o r a spec i f i c 
v e h i c l e . T h e r e f o r e , c u r r e n t so lu t ions w h i c h p r o v i d e such r e l a t ionsh ips a re e m p i r i c a l 
and r e q u i r e many assumptions and a r b i t r a r y techniques . Whi le fundamenta l concepts 
can be s tudied and used where app l icab le , l a r g e p o r t i o n s of h ighway expendi tures are 
c u r r e n t l y p rocessed wi thout d i r e c t r e f e r e n c e to the s ize of the v e h i c l e . 

Two types of cons ide ra t ions l ead to the need f o r veh ic l e s i ze and highway cost r e 
la t ions ; namely , (a ) the es tab l i shment of cost r e s p o n s i b i l i t y , and ( b ) the obta in ing of 
the c h a r a c t e r i s t i c s of the o p t i m u m - s i z e d v e h i c l e f o r the t r a n s p o r t a t i o n s y s t e m . The 
f a c t that these two p r o b l e m s r e q u i r e the same data as to veh ic l e s ize and highway cos ts 
does not nece s sa r i l y mean that the approaches to so lu t ion a r e comparab l e . A s a r e s u l t , 
the phi losophies and techniques wh ich a r e u t i l i z e d w i l l v a r y and w i l l be dependent upon 
the p r i n c i p a l reason f o r the development of the r e l a t i o n . Highway cos ts as used h e r e i n 
w i l l r e f e r to those expendi tures by an i n d u s t r y o r gove rnmen ta l agency w h i c h a re r e -



q u i r e d f o r the c o n s t r u c t i o n , maintenance, and opera t ion o f a highway s y s t e m . Speci f 
i c a l l y exc luded a r e the ope ra t ing cos ts expended b y the owner o r ope ra to r of a m o t o r 
v e h i c l e . 

The r e s e a r c h wh ich has been conducted at The Ohio State U n i v e r s i t y has inc luded 
e f f o r t s t o del ineate the d i f f i c u l t i e s associa ted w i t h both cost r e s p o n s i b i l i t y and o p t i m u m 
v e h i c l e s i z e . The w o r k has been i n p r o g r e s s f o r m o r e than f o u r yea r s and has r e s u l t e d 
i n a number of pub l i ca t ions (1^, 2, 3, 4, 5, 6 ) . Sponsorship f o r the inves t iga t ion has 
c o m e f r o m f o u r i n d i v i d u a l Ohio t r u c k i n g f i r m s , v ^ i c h i n i t i a t e d t he s tudies f o u r y e a r s 
ago, and, subsequently, f r o m the Ohio T r u c k i n g A s s o c i a t i o n . 

The purpose of the f o l l o w i n g paper i s to del ineate the v a r i o u s basic phi losophies 
w h i c h can be u t i l i z e d i n the highway cos t r e l a t i o n s h i p s . F u r t h e r m o r e , poss ib le po in t s 
of depar tu re and o r i e n t a t i o n f o r those in t e r e s t ed i n p u r s u i n g such r e s e a r c h have a lso 
been d i scussed . The scope i s r e s t r i c t e d to the p r o b l e m s concerned w i t h the highway 
cos t and v e h i c l e s ize r e l a t i o n s h i p s , ^ e c i f i c a l l y excluded a r e t axa t ion t h e o r i e s and the 
ope ra t ing costs p a i d d i r e c t l y by the highway u s e r . Rather than to a t t empt t o d iscuss a l l 
of the i n d i v i d u a l cost i t e m s , the f o l l o w i n g r e p o r t r e s t r i c t s i t s e l f to the broader questions 
w h i c h a r e i n the r e a l m of fundamen ta l phi losophy o r basic engineer ing methodology. 

D E F I N I T I O N S 

F o r the sake of b r e v i t y , s eve ra l express ions and concepts r e q u i r i n g d e f i n i t i o n w i l l 
be u t i l i z e d i n the f o l l o w i n g r e p o r t . Frequent r e f e r ences w i l l be made to weight f a c t o r s 
and non-weigh t f a c t o r s . These two t e r m s a re used to designate v e h i c l e p a r a m e t e r s 
w h i c h a f f e c t highway cos ts , o r p o r t i o n s of cost i t e m s , wh ich a re in f luenced by weight , 
a n * b y v a r i a b l e s o ther than weight , r e s p e c t i v e l y . The on ly h ighway cos ts w h i c h a re 
l a r g e l y i n f luenced by the weight of the v e h i c l e a re s t r u c t u r e s and pavements . A s a 
m a t t e r of f a c t , s ince these two cos t i t e m s a re a f f e c t e d by f a c t o r s o the r than weight , 
such as the w i d t h and height of the s t r u c t u r e , on ly a p a r t of the costs i s comple t e ly 
def ined by weight r e q u i r e m e n t s . Weight e f f ec t s , then, w o u l d include those p o r t i o n s of 
the s t r u c t u r a l and pavement costs w h i c h a re i n f luenced by the v e h i c l e we igh t . The 
cos ts may also be r e f e r r e d to as s t r u c t u r a l e f f ec t s , because of the in f luence of s t r u c 
t u r a l capac i ty . Spec i f i c a l l y , the non-weigh t f a c t o r s inc lude the geomet ry of the v e h i c l e , 
the p e r f o r m a n c e c h a r a c t e r i s t i c s of the v e h i c l e , and the capab i l i t y of the d r i v e r . Since 
the non-weigh t v a r i a b l e s in f luence costs wh ich a re r e l a t e d to highway geomet ry , the 
cos ts a r e a lso r e f e r r e d to as geomet r i c e f f e c t s . Pedes t r ians can also be cons idered 
we igh t and non-we igh t f a c t o r s i n s o f a r as s idewalks and pedes t r i an underpasses o r o v e r 
passes a re concerned . However , d i r e c t pedes t r i an r e s p o n s i b i l i t y i s a neg l ig ib le c o n 
s ide ra t ion i n mos t p r o b l e m s . 

The f o l l o w i n g d e f i n i t i o n s have been found qui te u s e f u l f o r the cost ass ignment p r o b 
l e m but a r e not neces sa r i l y v a l i d f o r m o r e genera l usage: 

1 . Cons t ruc t ion Costs—direct expendi tures r e l a t e d to cap i t a l i m p r o v e m e n t . 
2. Maintenance Costs—direct expendi tures r e l a t ed to p r e s e r v i n g and ma in t a in ing 

f a c i l i t i e s w h i c h a re p r o v i d e d by cap i t a l i m p r o v e m e n t . 
3. Opera t ion Costs—direct expendi tures r e q u i r e d to expedite the f l o w of t r a f f i c . 
4 . A d m i n i s t r a t i o n Cos ts—indi rec t expendi tures i n c u r r e d f o r cons t ruc t i on , m a i n t e n 

ance, o r opera t ions i n the f o r m of o v e r - a l l d i r e c t i o n and superv i s ion of the sy t em. 
5. Eng ine r ing Cos ts—indi rec t expendi tures i n c u r r e d i n the cons t ruc t i on , maintenance, 

and opera t ion of the h ighway r e q u i r e d f o r t echn ica l d i r e c t i o n , p lann ing , supe rv i s ion and 
execut ion of the w o r k p e r f o r m e d . 

I n the p reced ing d e f i n i t i o n s , the t e r m d i r e c t expendi ture i m p l i e s tha t the cos ts a r e 
r e a d i l y t r a c e d to the cost i t e m , whereas i n d i r e c t expendi ture suggests that the n o r m a l 
account ing sys tem wou ld not p r o v i d e data as to the p r o p e r ass ignment to a spec i f i c 
cos t i t e m . 

The p reced ing cost de l inea t ion does not e l im ina t e p r a c t i c a l p r o b l e m s i n ass igning 
highway expendi tures . F o r example , t he re i s c e r t a i n to be some quest ion as to whether 
a cos t should be c lassed as c o n s t r u c t i o n o r maintenance, p a r t i c u l a r l y when the m a i n t e 
nance expendi tures a re qui te l a r g e . A l s o , c e r t a i n costs cou ld l o g i c a l l y be c lassed as 



e i the r maintenance o r opera t ions , and a good example i s the rep lacement of a g u a r d 
r a i l . A p r e c i s e de l inea t ion between groups may o r may not be c r i t i c a l . I n mos t i n 
stances, the method of a l l oca t i ng cos t to veh ic les i s independent of the group to wh ich 
a cost i s ass igned. The dec is ive cons ide ra t ion as to cost g roup ing i s u sua l ly the a v a i l 
a b i l i t y of r e c o r d s . 

Cost r e s p o n s i b i l i t y as used h e r e i n r e f e r s to u se r s on ly and to the d i r e c t v a r i a b l e s 
used to obta in the f i n a l des ign . Th i s d i f f e r s f r o m the m o r e gene ra l d e f i n i t i o n used i n 
the highway economics f i e l d (13). 

The use of benef i t s to a l loca te cos ts i s a recognized p rocedu re , but the benef i t s a r e 
not i n themse lves v a r i a b l e s tha t a f f e c t the magnitude of highway cost i t e m s . 

V A R I A T I O N S I N BASIC PHILOSOPHY 

I n i n i t i a t i n g a study of highway cost r e l a t i onsh ip w i t h v e h i c l e s ize the re w i l l be 
s eve ra l choices as to the basic phi losophies wh ich w i l l be appl ied to the r e s e a r c h . 
Some of these const i tu te t r u e a l t e rna t i ve s , w h i l e o thers a re r e l a t e d to the purposes 
f o r wh ich the inves t iga t ion i s es tab l i shed . In the f o l l o w i n g pa ragraphs seve ra l of 
these quest ions a re d i scussed . 

T h e o r e t i c a l Methods v s Des ign Techniques 

There a r e two theor i e s under wh ich cos t - s i ze r e l a t i onsh ips can be developed. The 
f i r s t approach m i g h t be designated as the " t h e o r e t i c a l " i n that a l l express ions r e l a t i n g 
cos t w i t h v e h i c l e s ize w o u l d be r a t i o n a l . The second approach i n v o l v e s the e s t ab l i sh 
ment of the r e l a t i o n s between cost and s ize on an e m p i r i c a l bas i s , namely one that i s 
i n c u r r e n t use as a design technique. Complete use of a t h e o r e t i c a l approach i s not a 
p r a c t i c a l p o s s i b i l i t y because of the many func t ions w h i c h have not been es tabl ished on 
a r a t i o n a l base. Even i f one cou ld assume that the weigh t a f f e c t s can be evaluated 
r a t i o n a l l y , the non-weigh t f a c t o r s r ep resen t the comple te r e v e r s a l . The methods f o r 
d e t e r m i n i n g roadway w i d t h , g rade , c u r v a t u r e , s t r u c t u r e openings, and o the r s i m i l a r 
geome t r i c f a c t o r s a r e comple t e ly e m p i r i c a l and d i r e c t r e l a t i ons w i t h v e h i c l e s ize a re 
n o r m a l l y d i f f e r e n t i a t e d only by e x t r e m e s ize v a r i a t i o n s . Even the weight e f f ec t s a r e 
quest ioned as r e f l e c t e d i n the AASHO tes t s at Ot tawa, I l l i n o i s . I n f a c t , i f a t h e o r e t i c a l 
answer i s to be obtained, then a l l h ighway r e s e a r c h p r o b l e m s a r e i n v o l v e d . 

W h i l e c e r t a i n ad jus tments between t h e o r y and p r a c t i c e cou ld be t o l e r a t e d i n an e f f o r t 
to obta in as t h e o r e t i c a l an approach as poss ib l e , t he r e i s a m o r e fundamen ta l d i s t i n c t i o n 
and ph i losophy i n v o l v e d w i t h the choice between the t w o . The impor t ance of the concept 
of us ing e m p i r i c a l p r a c t i c e s goes beyond the f a c t that the data a r e based upon the best 
exper ience ava i l ab l e . I f e m p i r i c i s m i s used, ac tual methods employed i n the design 
p rocedure s cou ld be i n c o r p o r a t e d . Thus , the r e s u l t s wou ld r e f l e c t the methods under 
wh ich the funds a re be ing expended. The fundamen ta l quest ion becomes, then, whether 
the cost r e l a t ionsh ips to be developed a r e intended to r e f l e c t a t h e o r e t i c a l l y t r u e c o n 
d i t i o n o r the ac tua l manner i n w h i c h monies a re expended. 

Where the p r o b l e m i s one of es tab l i sh ing the o p t i m u m veh ic l e s ize w i t h r e f e r e n c e 
to costs f o r a l l types of t r a n s p o r t a t i o n , then the t h e o r e t i c a l approach migh t be the m o r e 
d e s i r a b l e . Where the r e l a t i onsh ips a r e be ing developed f o r the purpose of p r o v i d i n g 
data f o r ass igning cost r e s p o n s i b i l i t y , the mos t equitable method appears to be r e l a t i o n 
ships based upon c u r r e n t design techniques; that i s , methods under w h i c h funds a re 
be ing expended. 

Degree of A c c u r a c y 

A s s ta ted i n the p reced ing pa rag raph , the absence of spec i f i c and i m p l i c i t f u n c t i o n s 
p reven t s a comple t e ly r a t i o n a l so lu t ion to a cos t - s i ze inves t iga t ion and one mus t as 
sume that any so lu t ion achieved d u r i n g the next f e w y e a r s w i l l r e q u i r e e m p i r i c a l t e ch 
niques o r some m o d i f i c a t i o n to a p u r e l y theo re t i ca l approach . Assoc ia ted w i t h the 
e m p i r i c i s m w i l l be a quest ion as to the degree of accuracy of the r e s u l t s . The question 
w i l l be r a i s e d because of (a ) the absence of a r a t i o n a l express ion , and ( b ) the evaluat ion 
of many v a r i a b l e s which r e q u i r e s t a t i s t i c a l cons ide ra t ions . A s s u m i n g tha t the l e v e l of 



accuracy w i l l be a f u n c t i o n , i n p a r t , of the d o l l a r s ava i lab le f o r the s tudy, the re i s 
s t i l l a p a r t of the accuracy wh ich i s c o n t r o l l e d by the adequacy of the e m p i r i c i s m . 

The quest ion to be cons idered i s whether one r e l a t i onsh ip w i l l be obta ined and r e 
f e r r e d to as the so lu t ion , o r whether m u l t i p l e sets of data a re to be developed. M i l t i p l e 
r e l a t i o n s cou ld take the f o r m of m a x i m u m and m i n i m u m solut ions ( F i g . 2) o r cou ld be 
s t a t i s t i c a l devia t ions f r o m a s ingle c u r v e . The advantage of a m u l t i p l e set of va lues 
over a s ing le so lu t ion i s that less a rgument w i l l ex i s t as to the competency of the e x 
t r e m e va lue s . F u r t h e r m o r e , the in f luences of the quest ionable f a c t o r s w i l l have been 
e s t ima ted . 

Some p r o b l e m s , such as one upon which cost r e s p o n s i b i l i t y and, u l t i m a t e l y , t axa t ion 
i s based, may r e q u i r e tha t a unique r e s u l t be obta ined. A f t e r ob ta in ing m u l t i p l e va lues , 
judgment may be needed i n o r d e r to reduce the data to a s ing le set . 

A v e r y d i f f i c u l t p r o b l e m i s encountered i n a t t empt ing to e s t ima te the t o t a l cost r e 
q u i r e m e n t s , f o r v a r i o u s s i zed veh i c l e s , w h i c h w i l l be needed f o r a m a j o r r o a d n e t w o r k . 
F o r a l i m i t e d s ize and type of r o a d sys t em, such as a t u r n p i k e , the t o t a l costs f o r 
v a r i o u s s i zed veh ic l e s can be reasonably p r e c i s e l y d e t e r m i n e d . The t o t a l cost of a 
m a j o r r o a d sys t em i s compl i ca t ed by the absence of r a t i o n a l methods f o r des ign, and 
by the wide v a r i a t i o n i n the u n i t costs which ex i s t on a l a r g e geographica l u n i t . Under 
the e x i s t i n g state of knowledge, es t imates v a r y i n g by 200 to 300 percen t should not be 
s u r p r i s i n g ( F i g . 2 ) . F u r t h e r m o r e , many d i f f e r e n t answers can be comple t e ly j u s t i f i e d 
when conducted under the design p r i n c i p l e s of c u r r e n t p r a c t i c e . Unfo r tuna t e ly , a p r e 
c i se type of es t imate should not even be cons ide red w i t h i n the r e a l m of p r a c t i c a l i t y . 
T o t a l cost r e l a t i onsh ip s should be developed w i t h a f i r m unders tanding of the l i m i t s of 
accu racy . 

Where d i f f e r e n t i a l cos t i s the p r i n c i p a l ob j ec t ive of the study, the r e s u l t s of the 
inves t iga t ion can be m o r e p r e c i s e l y obta ined than f o r t o t a l cos t . Past s tudies (_2,6) 
have ind ica ted tha t w h i l e the ac tua l t o t a l cost to be an t ic ipa ted can v a r y o v e r a wide 
range the d i f f e r e n t i a l cos t s a r e p r ed i c t ab l e w i t h i n much m o r e n a r r o w d o l l a r va lues 
( F i g . 2 ) . 

In so lv ing the p r o b l e m of cost and s ize r e l a t i onsh ip s , then , i t i s i m p o r t a n t to s tudy 
the reasons f o r wh ich the r e s e a r c h i s conducted. Since s ing le -va lue data may be d i f f i 
c u l t to j u s t i f y , the double-se t of data i s r ecommended , a t l eas t w i t h i n the f r a m e w o r k of 
the methodology . Of pa ramoun t impor t ance , however , i s the f a c t that the l i m i t a t i o n s 
of ex i s t i ng knowledge mus t not be ove r looked , and should be evaluated i f pos s ib l e . 

I n d i r e c t v s D i r e c t Sources of Cost Respons ib i l i t y 

Cons idera t ion mus t be g iven at the s t a r t of the study as to whether d i r e c t o r i n d i r e c t 
sources of cost r e s p o n s i b i l i t y a re to be t r e a t e d as m a j o r v a r i a b l e s . F o r the pu rposes 
of t h i s r e p o r t , the assumpt ion i s made that h ighways a r e so le ly f o r the purpose of the 
highway u s e r and t h e r e f o r e d i r e c t sources mus t be r e l a t e d to the highway u s e r . D i r e c t 
sources of cos ts then, r e f e r to the f a c t o r s used i n the design f o r c o n t r o l l i n g the m ^ n i -
tude of the s t r u c t u r e o r geome t r i c cond i t ions . Spec i f i c a l l y , the sources of d i r e c t costs 
a r e the n u m b e r s , we igh t s , and types of v e h i c l e s . D r i v e r a b i l i t y , v e h i c l e p e r f o r m a n c e , 
and pedes t r i ans a re d i r e c t sources , t h e o r e t i c a l l y , but a r e r a r e l y u t i l i z e d as such i n 
c u r r e n t des ign c r i t e r i a . I n d i r e c t sources of r e s p o n s i b i l i t y inc lude such th ings as r a i l 
roads , abut t ing p r o p e r t y owners , and p h y s i c a l and n a t u r a l obs tac les . The r a i l r o a d s 
p roduce a p a r t of the r e q u i r e m e n t s f o r a spec ia l c r o s s i i ^ but the magni tude of the 
m e m b e r s of the s t r u c t u r e a r e c o n t r o l l e d by the veh ic l e s wh ich w i l l be u t i l i z i n g the 
c r o s s i n g . 

The geology, topography, and c l i m a t e of an a rea a r e t y p i c a l of i n d i r e c t sources of 
cost r e s p o n s i b i l i t y . They a r e a source of cost i n tha t the d o l l a r s expended a re a f f e c t e d 
by t h e i r c h a r a c t e r i s t i c s , but a r e i n d i r e c t i n the sense that u l t i m a t e l y v e h i c l e p a r a m e t e r s 
c o n t r o l the des ign . The p r i n c i p a l in f luence of i n d i r e c t sources i s to inc rease o r de 
c rease the magni tude of the cost d i f f e r e n t i a l . Jn. conduct ing a cos t - s i ze study, a s t a 
t i s t i c a l eva lua t ion of the e f f e c t of geology, topography, and c l i m a t e w i l l be r e q u i r e d . 
Thus , i f one p a r t of an area i s p a r t i c u l a r l y mountainous and another p a r t i s essen t ia l ly 
f l a t then the cost d i f f e r e n t i a l ass ignable f o r ea r thwork f o r the combined areas w i l l be 
some va lue between those p roduced i n the two ex t reme cond i t ions . 



D i r e c t cost r e s p o n s i b i l i t y , t h e r e f o r e , associates a l l highway expendi tures w i t h the 
highway u s e r . I nd i r ec t cos ts on the o the r hand, a f f e c t the magnitude of expendi tures 
and of cost d i f f e r e n t i a l s , and con t r ibu te t o , but do not " c o n t r o l , " t l i e u l t i m a t e des ign . 

There i s no in fe rence intended that i n d i r e c t sources of cos t r e s p o n s i b i l i t y a r e not 
i m p o r t a n t to highway economic s tudies . F o r such i t e m s as geology, topography, and 
c l i m a t e the i n d i r e c t sources w i l l become a f a c t o r i n s t a t i s t i c a l evaluat ions f o r a g iven 
a rea of app l i ca t ion . F o r o ther i n d i r e c t sources , such as r a i l r o a d s , abut t ing p r o p e r t y 
owner s , and the genera l pub l i c the quest ion i s concerned w i t h economics of the t o t a l 
socie ty and whether the h ighway user should be r e l i e v e d of any p a r t of the t o t a l cost 
r e s p o n s i b i l i t y . I n quest ions of taxa t ion t h i s l a s t dec is ion i s c r i t i c a l and associa ted 
w i t h b r o a d economic ques t ions . In a t t empt ing to de te rmine the o p t i m u m s ize o f veh ic l e 
the impor t ance of the i n d i r e c t sources may o r may not be p e r t i n e n t . In any event, i n 
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Figure 1. Relationship tetween cost responsibility and taxes paid. 

o r d e r to develop r a t i o n a l express ions of the r e l a t i o n between highway cost and v e h i c l e 
s ize , i n d i r e c t sources should not be confused w i t h the d i r e c t sources w h i c h c o n t r o l the 
design of the v a r i o u s e lements . 

Types of Cost to Include 

To a c e r t a i n extent, the types of cos ts wh ich should be inc luded i n the r e s e a r c h a r e 
a f u n c t i o n of the p a r t i c u l a r p r o b l e m . fii mos t cases, the p r o b l e m w i U be addressed to 
the t o t a l expendi ture r e q u i r e d to cons t ruc t , ma in t a in , and opera te a s y s t e m . A t t e m p t i n g 
to inc lude a l l poss ib le costs leads to some i n t e r e s t i n g ques t ions . F o r example , the 
o f f i c i a l s of the state government who dea l w i t h the highway sys tem, such as the g o v e r 
n o r , state t r e a s u r e r , l e g i s l a t o r s , e t c . , undoubtedly should have p a r t of the expendi tures 
of t h e i r o f f i c e s a t t r i b u t e d to h ighways . F o r m a j o r sys tems these cos ts w i l l be a v e r y 
s m a l l p a r t of the highway budget, and can be sa fe t ly neglec ted . F o r a t o l l t u r n p i k e the 
quest ion i s a l i t t l e m o r e confused, since the r e l a t i onsh ip between the t o l l f a c i l i t y and 
the gove rnmen ta l o f f i c e s may be less c l e a r l y de f ined . I f no charges a r e made, then no 
ac tua l costs a r i s e , and, t h e r e f o r e , none need be cons ide red . 

A n i n t e r e s t i ng cost i s tha t r e q u i r e d f o r conduct ing the business of agencies such as 
the pub l i c u t i l i t i e s c o m m i s s i o n s . I n some states, the ope ra t ing f u n d s , i n s o f a r as h i g h 
ways a r e concerned, a r e co l l ec t ed d i r e c t l y f r o m t r u c k l i ^ companies i n the f o r m of 
t axes . The purposes of such c o m m i s s i o n s a re f o r the r egu l a t i on , and thereby , to a 
degree, the p r o t e c t i o n of the i n d i v i d u a l t r u c k i n g companies and a r e not f o r the ass is tance 
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of highway u s e r s i n g e n e r a l . T h e r e f o r e , such expendi tures w o u l d appear t o be m o r e 
l o g i c a l l y "opera t ing cos t s " of the u s e r than highway costs as de f ined h e r e i n . 

Inc luded i n many highway depar tment l i s t s of expendi tures a r e c e r t a i n i n t e r e s t 
charges on bonds so ld f o r some phase of highway cons t ruc t ion o r maintenance. The re 
i s l i t t l e quest ion but tha t these i n t e r e s t costs a re charges accumula ted because of the 
highway s y s t e m . Sometimes f o r g o t t e n , however , i s the f a c t that the d o l l a r s co l l ec ted 
on a pay -as -you-go bas is t h e o r e t i c a l l y dep r ive the c i t i z e n s of oppor tun i t i e s to inves t 
o r to reduce t h e i r own ob l iga t ions . T h e r e f o r e , highway p r o g r a m s -which a r e based 
upon a pay -as -you-go p r o g r a m should inc lude cons idera t ion of when money i s co l l ec t ed 
w i t h r e f e r e n c e to when the i m p r o v e m e n t s a r e obta ined o r expended. I f one i s to c o n 
s ide r the t o t a l t r a n s p o r t a t i o n p i c t u r e , i nc lud ing r a i l r o a d , a i r p o r t s , wa t e rways , and 
p ipe l ines , then the i n t e r e s t cos ts , both on d o l l a r s co l l ec t ed and on bonded indebtedness, 
should be inc luded as cos t . The i n c l u s i o n o r exc lus ion of i n t e r e s t cos ts w i l l u l t i m a t e l y 
be decided by the demands of the p r o b l e m . Consistency as to t r e a t m e n t of i n t e r e s t 
should be encouraged, p a r t i c u l a r l y where i n t e r e s t on bonded indebtedness i s obv ious ly 
p resen t , but the loss of income to the taxpayer on a pay-as -you-go p lan i s not so o b 
v i o u s . 

Types of Taxes to Be Inc luded 

Cost r e s p o n s i b i l i t y s tudies w i l l f r e q u e n t l y lead to a c o m p a r i s o n between costs and 
t axa t ion f o r v a r i o u s h ighway u s e r g roups . Many such s tudies have l e d to c o n f l i c t i n g 
r e s u l t s , p a r t i c u l a r l y as e f f o r t s a r e made to express taxes p a i d on a u n i t y bas i s . One 
of the reasons f o r the apparent d i sc repanc ies l i e s i n the types of taxes wh ich a re i n 
c luded . F o r example , i n a p reced ing p a r a g r a p h the taxes co l l ec ted by the pub l i c 
u t i l i t i e s c o m m i s s i o n s w e r e suggested as l o g i c a l "opera t ing cos t s " and as such cou ld 
not be t e r m e d taxes p a i d to compare w i t h cost r e s p o n s i b i l i t y . Thus , a p r i n c i p l e i s 
suggested; namely , that the taxes to be compared w i t h cos t r e s p o n s i b i l i t y should be 
"h ighway use r t axes" i f highway u s e r s a re cons ide red as the d i r e c t source of a l l h i g h 
way cos t s . A s used he re , "highway u s e r t axes" a r e intended to designate those taxes 
p a i d by the u s e r and wh ich a re u t i l i z e d f o r highway purposes . 

I f the p reced ing p r i n c i p l e i s v a l i d , then taxes pa id by the highway use r wh ich a r e not 
used f o r highway purposes wou ld not be inc luded . Examples of such taxes w o u l d be 
F e d e r a l and State income taxes and some exc ise t axes . In c e r t a i n states and l o c a l gov
e rnments p o r t i o n s of the gene ra l f u n d a re used to supplement the highway use r taxes i n 
o r d e r to have s u f f i c i e n t opera t ing f u n d s . Thus , c e r t a i n p o r t i o n s of genera l taxes may 
be l o g i c a l l y p r e s u m e d as "highway use" t axes . In such cases, the non-h ighway-use r 
sources of highway use tax should be c r e d i t e d as the source of p a r t of the monies c o l 
l ec t ed . Resul t s f r o m the Ohio State s tud ies (^ ) a r e inc luded i n F i g . 1 and the in f luence 
of the taxes inc luded i n the inves t iga t ion i s shown. 

Since the i nc lu s ion o r exc lus ion of taxes pa id i s a rgumenta t ive , data under s e v e r a l 
assumpt ions may be r e q u i r e d . However , the v a l i d i t y of c o m p a r i n g cost r e s p o n s i b i l i t y 
w i t h taxes p a i d , when the t ax inc luded monies which a re not u t i l i z e d on highways, i s 
to be quest ioned. The re does appear to be g rea te r consis tency i f on ly highway use taxes 
a re i nc luded . 

P R O B L E M S O F A P P L I C A T I O N 

I n the ac tua l development of the r e l a t i onsh ip between highway costs and v e h i c l e s ize 
many p r a c t i c a l p r o b l e m s a re encountered. Some of the m o r e c r i t i c a l of these quest ions 
of methodology a r e cove red i n the f o l l o w i n g pa rag raphs . In o r d e r to f a c i l i t a t e the d i s 
cuss ion , the methods used at The Ohio State U n i v e r s i t y have been used by way of i l l u s 
t r a t i o n . The re i s no i n f e r ence intended that the so lu t ions const i tu te the only way no r 
the best way f o r genera l cond i t ions . 

Select ing a Single V e h i c l e Pa rame te r 

Mos t cos t - s i ze p r o b l e m s mus t u l t i m a t e l y be expressed as a r e l a t i o n between a 
s ingle v e h i c l e - p a r a m e t e r and a highway cos t . The se lec t ion of u n i t s f o r cost and s ize 



i s a t roub lesome p r o b l e m , p a r t i c u l a r l y f o r the v e h i c l e p a r a m e t e r . Perhaps the s i t ua 
t i o n i s best e x e m p l i f i e d by cons ide r ing pavement and e a r t h w o r k cos t s . Pavement ex 
pendi tures a re obv ious ly m o r e r e l a t e d to axle load than to any o ther veh ic l e p a r a m e t e r , 
and d imens ions of the v e h i c l e a re not of much impor t ance i n d i f f e r e n t i a l pavement cost 
ana lys i s . On the o ther hand, e a r t h w o r k expendi tures a re h a r d to r e l a t e to ax le load 
and cannot be done on a d i r e c t , r a t i o n a l bas is , f o r they a re m o r e l o g i c a l l y associa ted 
w i t h veh ic l e d imens ions , p e r f o r m a n c e , and the d r i v e r . Whi l e the re i s no es tabl ished 

r e q u i r e m e n t that a s ingle p a r a m e t e r be 
u t i l i z e d , many p r o b l e m s , and p a r t i c u l a r l y 
the t axa t ion quest ion, must be expressed 
as a s ingle p a r a m e t e r o r else the so lu t ion 
w i l l be confused w i t h two veh ic l e p a r a m e t e r s 
f o r express ing r e l a t i o n s h i p s . W h i l e i t i s 
reasonable and necessary i n the ea r ly 
stages to develop independent f u n c t i o n s i n 
t e r m s of m o r e than one veh ic l e p a r a m e t e r , 
one should not be s u r p r i s e d to f i n d p r e s 
sures o r reasons to reduce the r e l a t i o n -
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Figure 2. Relationship between annual 
costs and the design axle load. 

ship so as to express the highway cos t i n 
t e r m s of one v e h i c l e v a r i a b l e . 

To develop a s ingle v e h i c l e p a r a m e t e r 
one mus t r e t u r n to the basic f a c t o r s which 
in f luence expendi tures . A s s u m i n g that 
on ly d i r e c t sources of cost r e s p o n s i b i l i t y 
a re to be cons idered , then cost r e s p o n s i 
b i l i t y can be t r a c e d reasonably , to e i the r 
( a ) a v e h i c l e weight f a c t o r , o r (b) to a 
veh ic l e d imens ion o r p e r f o r m a n c e cha rac 
t e r i s t i c . Th i s assumes that the v e r y 
m i n o r e f f ec t of pedes t r i ans can be neg
l ec t ed . The v e h i c l e weigh t f a c t o r s can 
convenient ly be reduced to ax le load , i f 
c e r t a i n cons idera t ions a re t r e a t ed i n 
t e r m s of ax le spacing. S i m i l a r l y , the 
e f f ec t s of v e h i c l e d imens ions and p e r f o r m 
ance can be t r a c e d to the way they a f f e c t 
v a r i o u s phases of highway g e o m e t r y . A l l 
i t e m s of cost wh ich a r e not a f f ec t ed by 
weight w i l l then by necess i ty be a f f e c t e d 
by the v e h i c l e geome t r i c f a c t o r s . To r e 
duce the geome t r i c f a c t o r s to a s ingle 
v e h i c l e p a r a m e t e r does cause some d i f f i 
c u l t i e s . The best so lu t ion i s achieved by 
a s t a t i s t i c a l evaluat ion of the t r a f f i c u s ing 
the h ighways . Another poss ib le technique 
w o u l d be to use a common design me thod 
o logy , w h e r e i n veh ic l e c h a r a c t e r i s t i c s 
a re handled so le ly on the bas i s of t r u c k s 
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and passenger c a r s . U t i l i z i n g the l a s t - m e n t i o n e d approach, one can set the m a x i m u m 
a x l e load f o r passenger c a r s and p i c k - u p t r u c k s and produce a cost d i f f e r e n t i a l f o r 
heav ie r t r u c k s due to g e o m e t r i c f a c t o r s . 

Cons ide r ing f o r a momen t the ac tua l in f luence on a g iven study, one can consider the 
t h r ee e lements o r g roups of cost ; namely , c a p i t a l i m p r o v e m e n t , maintenance, and 
ope ra t i on . F o r the f i r s t t w o , the weight and the g e o m e t r i c f a c t o r s can be r e l a t e d to the 
ac tua l c a p i t a l i m p r o v e m e n t cos t s . Opera t ions , however , a r e r e s t r i c t e d to g e o m e t r i c 
cons ide ra t ions . F o r a g iven p r o b l e m , then, cost i s d i v i d e d in to weight and geomet r i c 
r e q u i r e m e n t s w i t h i n the cap i t a l i m p r o v e m e n t and maintenance g roup ings . Having the 
t o t a l cos t s w h i c h a re a f f e c t e d by the weigh t v a r i a b l e and the t o t a l expendi tures wh ich 
a r e i n f luenced by g e o m e t r i c cons ide ra t ions , two cos t d i f f e r e n t i a l s can be es tabl i shed. 
Combin ing the two on a bas i s of a s ing le veh ic le p a r a m e t e r i s accompl i shed f r o m the 
Ohio State s tudies ( J ) i n F i g . 2 . The bas i s f o r the combined cost i s g iven i n F i g . 3. 
I t can be seen tha t t he r e i s a cost d i f f e r e n t i a l between axles s m a l l e r and l a r g e r than 
2 .5 tons f o r the geome t r i c f a c t o r s but an exponent ia l type of cu rve r e f l e c t s the w e ^ h t 
i n f l u e n c e . The cu rves of F i g . 2 r e q u i r e a s t a t i s t i c a l evaluat ion of the po in t at wh ich the 
g e o m e t r i c d i f f e r e n t i a l o c c u r s . F o r some p r o b l e m s , the s i i ^ l e d i f f e r e n t i a l a t 2 .5 tons 
( o r s i m i l a r - t y p e value) i s a l l t l i a t m i g h t be r e q u i r e d . However , f o r the case o f es 
t a b l i s h i n g the o p t i m u m s ize of the v e h i c l e s o r f o r p r e d i c t i i ^ the e f f ec t of i nc r ea s ing 
the s ize of the ax le load , the r e l a t i o n s l i i p suggested by the cost ve r sus ax le load w o u l d 
be u s e f u l . The re i s no way , based upon design p r a c t i c e , f o r e s t ima t ing the e f fec t of 
le i^ l thening o r widen ing the v e h i c l e . F i g u r e 3 suggests tha t g e o m e t r i c e f f ec t s a r e 
independent of the v e h i c l e geomet ry , but such an answer i s a r e f l e c t i o n of design methods 
r a t h e r than sound ana lys i s of cost d i f f e r e n t i a l . 

To s u m m a r i z e , then , a t tempts to r e l a t e a l l h ighway u n i t cos t s to a s ingle veh ic l e 
p a r a m e t e r m a y produce mi s l ead ing concepts . I t w i l l be des i r ab l e to ind ica te f o r h i g h 
way u n i t cos ts separate r e l a t ionsh ips f o r geomet r i c f a c t o r s and f o r a weight p a r a m e t e r . 
One add i t iona l reason f o r developing two p a r a m e t e r s i s r e l a t e d to ass igning cost r e 
s p o n s i b i l i t y because use mus t be made of a x l e - m i l e and v e h i c l e - m i l e f o r a l loca t ing 
cos t s to v a r i o u s u s e r g r o u p s . 

Reducing Highway Costs t o a U n i t Bas i s 

In so fa r as the h ighway cost v a r i a b l e i s concerned, s e v e r a l methods cou ld be used 
f o r r educ ing a l l e}q>endltures to a c o m m o n highway u n i t cost p a r a m e t e r . Two c o m m o n l y 
used f a c t o r s a r e t o t a l cos t and annual cos t p e r m i l e . F o r c e r t a i n k i n d s of p r o b l e m s , 
the t o t a l cos t ejqiended by a highway depar tment o r b y an agency cou ld be p lo t t ed v e r s u s 
v e h i c l e s i z e . T o t a l cost i s p a r t i c u l a r l y u s e f u l f o r a t axa t ion p r o b l e m o r f o r a condi t ion 
where a known amount of funds i s to be a v a i l a b l e . However , vhere the in ten t i s to es 
t a b l i s h the o p t i m u m v e h i c l e s ize i t w i l l be necessary to reduce the highway costs to a 
u n i t b a s i s . 

The handl ing of maintenance and opera t ion costs i s not p a r t i c u l a r l y d i f f i c u l t . Since 
the ejcpenditures a re made on an annual bas i s and p r e s u m a b l y can be spread over the 
e n t i r e mi l eage i n the s y s t e m , t o t a l maintenance and t o t a l opera t ions cos ts can be d i 
v i d e d by the number of m i l e s . F o r c ap i t a l i m p r o v e m e n t some reduc t ion i s necessary 
to ob ta in an annual f i g u r e to combine w i t h maintenance and opera t ions . The r educ t ion 
of c ap i t a l inves tment to an annual cost poses the n o r m a l quest ion as to the p r o p e r i n t e r 
est r a t e to be u t i l i z e d w i t h a c ap i t a l r e c o v e r y f a c t o r . The se lec t ion of the i n t e r e s t r a t e 
w i l l undoubtedly p a r a l l e l the p r a c t i c e of a p a r t i c u l a r agency i n i t s n o r m a l economic 
s tud ies . 

Reduct ion of expendi tures f o r m a j o r i m p r o v e m e n t s to annual cost a lso invo lves p r e 
d i c t i ons o r es tab l i shment of design l i f e . There i s qui te a range of va lues c o m m o n l y 
ass igned ' to v a r i o u s i t e m s of c ap i t a l i m p r o v e m e n t ; f o r example , the des ign l i f e of 
r i g h t - o f - w a y m a y extend f o r 50 to 75 y e a r s v^e reas f o r pavements the p e r i o d i s r a r e l y 
m o r e than 20 y e a r s . Fundamenta l p r i n c i p l e s o f engineer ing economics , as used i n i n 
d u s t r i a l p r a c t i c e , suggest tha t the l i f e p e r i o d to be u t i l i z e d f o r a study should be based 
upon the longest p e r i o d of some component of the cost , p r o v i d e d that the p e r i o d i s c o n 
s i s ten t w i t h the p lanned use of the f a c i l i t y . Components w i t h sho r t e r l i v e s mus t have 
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rep lacement va lues computed . Based on exper iences of the pas t i n the Un i t ed States, 
i t i s somewhat d i f f i c u l t to envis ion the c u r r e n t r i g h t - o f - w a y and e a r t h w o r k designs 
being s u f f i c i e n t l y advanced to p e r m i t a design l i f e of 75 y e a r s . F u r t h e r m o r e , the p r o b 
l e m s of obta in ing costs of s eve ra l successive pavements 20 to 40 y e a r s i n the f u t u r e a re 
obv ious ly i n the r e a l m of c o n j e c t u r e . A s a r e s u l t , i n the s tudies conducted at The Ohio 
State U n i v e r s i t y , a design l i f e of 20 yea r s was u t i l i z e d f o r a l l e lements of new c o n s t r u c 
t i o n cos t s . T h i s i n e f f ec t assumes tha t w i t h i n 20 y e a r s the roads be ing cons t ruc ted at 
t h i s t i m e w i l l have o u t l i v e d t h e i r c u r r e n t r i g h t - o f - w a y and e a r t h w o r k des ign . F o r the 
average state highways, t h i s i s p robab ly t r u e , whereas f o r the in t e r s t a t e s y s t e m i t i s 
quite l i k e l y that a longer design l i f e w o u l d be p e r m i s s i b l e . 

In o r d e r to combine annual cos ts of cap i t a l i m p r o v e m e n t w i t h those f o r annual- type 
expendi tures , the t o t a l mi leage i n the sys tem mus t be cons ide red . The r a t e of new 
cons t ruc t ion on an ex i s t i ng sys t em w i l l r a r e l y be g rea t enough to r e b u i l d the sys t em 
comple te ly w i t h i n the des ign l i f e . T h e r e f o r e , some ad jus tment mus t be made f o r new 
cons t ruc t ion cos ts to obta in costs f o r cap i t a l i m p r o v e m e n t p e r m i l e . I f a comple t e ly 
new sys tem i s under s tudy, the cost of new cons t ruc t ion o r cap i t a l i m p r o v e m e n t can be 
r e a d i l y reduced to an annual basis and combined w i t h an t ic ipa ted maintenance and o p 
era t ions to obta in t o t a l cos t . Such a condi t ion ex i s t s f o r a t o l l t u r n p i k e . 

One ad jus tment wh ich can be made f o r an ex i s t i ng sys tem i s accompl i shed by a s s u m 
i n g that the cap i t a l i m p r o v e m e n t f o r a spec i f i ed p e r i o d of t i m e w i l l cons is t of f o u r types 
of a c t i v i t y ; name ly , new c o n s t r u c t i o n , r e c o n s t r u c t i o n , r e s u r f a c i n g , and su r face t r e a t 
men t . One may also have to assume that c e r t a i n mi leages w i l l r e ce ive no cap i t a l i m 
p r o v e m e n t . B y s t a t i s t i c a l l y evaluat ing and weigh t ing the cos ts f o r the f o u r types of 
cap i t a l i m p r o v e m e n t , one can get the average cos t of c ap i t a l i m p r o v e m e n t p e r m i l e p e r 
y e a r . Such a p rocedu re , i n e f f ec t , reduces the cost of c a p i t a l i m p r o v e m e n t f r o m the 
t y p i c a l va lue f o r new cons t ruc t ion to an expendi ture commensura te w i t h the type of i m 
provement r e ce ived by the sys tem as a who le . Inc lud ing r e s u r f a c i n g and su r f ace t r e a t 
ment as c ap i t a l i m p r o v e m e n t r a t h e r than maintenance i s not p a r t i c u l a r l y c r i t i c a l . I f 
i t were inc luded as maintenance there w o u l d m e r e l y be a h ighe r number of m i l e s w i t h 
"no cap i t a l i m p r o v e m e n t , " and the weighted average annual cost of c ap i t a l i m p r o v e m e n t 
w o u l d be reduced . 

Reducing the cost of s t r u c t u r e s to an annual expenditure p e r m i l e obv ious ly r e q u i r e s 
spec ia l p r o c e d u r e s . V a r i a t i o n s i n s t r u c t u r e cos ts a re f r e q u e n t l y obtained f o r l i nea l 
f ee t of b r i d g e o r f o r square f ee t of b r i d g e roadway. The conver s ion of such data to 
annual cost p e r m i l e r e q u i r e s a r educ t ion of the cap i t a l inves tment to an annual bas i s 
as w e l l as the de t e rmina t i on of how many l i n e a l f e e t o r square f ee t of b r i e v e a re p resen t 
on a m i l e of h ighway. The f a c t that the type of b r idge s t r u c t u r e w i l l v a r y , thus changing 
the r e l a t i onsh ip between cos t and s i ze , mus t be handled on a s t a t i s t i c a l , weighted b a s i s . 
A s s u m i n g tha t one can get a r e a l i s t i c r e l a t i onsh ip between a v e h i c l e p a r a m e t e r and the 
average cost p e r l i n e a l f o o t of s t r u c t u r e , the p r o b l e m i s to conve r t to a s t r u c t u r e cos t 
p e r m i l e f o r the s y s t e m . 

One reasonable approach wou ld be to obta in the t o t a l number of b r idge f e e t i n the 
sys t em and by d i v i d i i ^ t h i s va lue by the number of m i l e s , the average number of b r i d g e -
fee t p e r m i l e cou ld be obta ined. B y employ ing a f a c t o r to account f o r the r a t e of r e 
p lacement , annual cos ts w o u l d be ava i l ab l e . 

A less complex p r o c e d u r e was u t i l i z e d i n the s tudies at The Ohio State U n i v e r s i t y 
(6). The t o t a l d o l l a r s expended p e r year each of a s i x - y e a r h i s t o r y w e r e averaged i n 
o r d e r to obta in the avers^e d o l l a r s f o r s t r u c t u r e s p e r y e a r . The t o t a l number of m i l e s 
of new cons t ruc t i on were also computed on an average annual bas i s and the t o t a l s t r u c 
t u r a l d o l l a r s p e r m i l e of new cons t ruc t i on was obta ined . I t was then assumed tha t the 
same r a t i o of s t r u c t u r e cost to new cons t ruc t ion mi l eage w o u l d be f o l l o w e d throughout 
the p e r i o d s tud ied . Such an approach produces the s t r u c t u r a l d o l l a r s p e r m i l e of new 
highway cons t ruc t ion and no conve r s ion to l i n e a l f e e t i s i n v o l v e d . Since m a x i m u m and 
m i n i m u m solu t ions were obta ined the accuracy of the es t imate was cons ide red to be 
reasonable i n l i g h t of o the r assumpt ions r e q u i r e d i n the s tudy. 

Considera t ions of Highway Systems 

I n many s tudies i n v o l v i n g I n c r e m e n t a l o r d i f f e r e n t i a l cos t s , the highway e:q)endltures 
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a r e separated on a bas i s of highway sys t ems . Sometimes t h i s i s done on the basis of 
p o l i t i c a l subd iv i s ions , such as f e d e r a l , s tate , county, m u n i c i p a l , e t c . , and i n o the r s i t 
i s on the bas i s of types of h ighways r e q u i r e d . F o r example , i n Pancoast 's s tudies i n 
Ohio (7 ) a d i v i s i o n was made on the bas i s of Type A , B , C, and D roads where each of 
the f o u r types had t y p i c a l c r o s s sect ions f o r pavement and other cost i t e m s . The need 
f o r such a breakdown can be t r a c e d i n p a r t to aud i t ing and accounting p r o c e d u r e s . The re 
a r e also r e q u i r e m e n t s f o r such a de l inea t ion because of d i f f e r e n c e s i n des ign, c o n s t r u c 
t i o n , maintenance, and opera t ion p r o c e d u r e s . In many p r o b l e m s , t h e r e i s no need to 
cons ider the type o f roads . I n f a c t , f o r t h e o r e t i c a l cons idera t ions , the so lu t ion should 
be achieved u s ing on ly the fundamenta l d i r e c t cost p a r a m e t e r s . However , when cos ts 
a r e be ing ass igned on the basis of the method u t i l i z e d i n des ign, then road- type becomes 
a cons ide ra t ion i n s o f a r as the method of design v a r i e s f o r the s eve ra l sys t ems . 

Respons ib i l i t y f o r c e r t a i n types of highway costs should not v a r y apprec iab ly w i t h 
the r o a d sys t em, even u t i l i z i n g the app l i ed approach . F o r example , s t r u c t u r e capaci ty 
i s n o r m a l l y es tab l i shed f o r a constant type of m a x i m u m load and the f r e q u e n c y of l o a d 
i n g produces m i n o r v a r i a t i o n s . W i t h the except ion of l o w - t r a f f i c secondary h ighways , 
even pavements a re c u r r e n t l y designed f o r the heaviest ax le load to be expected, but 
w i t h v a r i a b l e number s of app l i ca t ions . Unfo r tuna te ly , the quant i ta t ive e f f e c t of r e p e t i 
t ions i s not w e l l unders tood . The cos t f a c t o r s c o n t r o l l e d by geome t r i c cons idera t ions 
do not n o r m a l l y r e q u i r e a de l inea t ion in to highway sys tems since the re i s some i n d i 
ca t ion that the t r a f f i c vo lume i t s e l f ind ica tes the cost d i f f e r e n t i a l { & ) . Thus , the basic 
v a r i a b l e s of veh ic l e weight and geome t ry p lu s the number of r epe t i t i ons should desc r ibe 
the v a r i a t i o n adequately, and the use of road sys tems wou ld be r e s t r i c t e d to those cases 
where d i f f e r e n t p o l i t i c a l subdiv is ions o r design phi losophies produce d i f f e r e n t design 
s tandards . 

One of the m o r e d i f f i c u l t , fundamenta l dec is ions wh ich i s r e q u i r e d i s i n the r e a l m of 
the l o w - t r a v e l l e d secondary sys tems , p a r t i c u l a r l y f o r the a l loca t ion of cost r e s p o n s i 
b i l i t y f o r the m i n o r t r a v e l e d highways w i t h on ly a n o m i n a l pavement t h i ckness . Such 
roads a r e capable of c a r r y i n g some heavy ax le loads , p a r t i c u l a r l y d u r i n g c e r t a i n 
seasons of the y e a r . The loads o r i g i n a t e f r o m p r i v a t e , i n d u s t r i a l , and c o m m e r c i a l 
sources . The quest ion i s , should a l l veh i c l e s wh ich use the r o a d be respons ib le f o r 
the costs on a d i f f e r e n t i a l bas is , o r should the l a rges t veh i c l e s be t r e a t ed on an equ iv 
alent bas i s w i t h the l a rges t v e h i c l e f o r wh ich the design i s comple t e ly adequate ? Two 
answers appear reasonable . One i s to assume that the t heo r i e s and cost ass ignments 
wh ich a r e appl icab le to the heavy pavements can be appl ied p r o p o r t i o n a l l y to the t h in 
ones. A second t h e o r y w o u l d be to a r b i t r a r i l y ass ign the cos ts of the l o w - c o s t pavement 
to the ax le load group w h i c h mos t f r e q u e n t l y uses the h ighway and f o r whom the pave
ment i s comple t e ly adequate. T h i s , i n e f f ec t , wou ld g ive the heav ie r veh ic l e s a " d i f 
f e r e n t i a l - f r e e " r i d e . M o r e p r e c i s e l y , they would be pay ing essent ia l ly the same amount 
p e r r e p e t i t i o n as would the s m a l l e r v e h i c l e s . I n e f f ec t , the second theory suggests 
tha t such roads a r e designed f o r the s m a l l e r v e h i c l e s , and a f e w l a r g e r loads can be 
t o l e r a t e d i n a q u a s i - r e s t r i c t e d manner . 

The re a r e sound reasons f o r apply ing e i the r of the two concepts . I n the studies at 
The Ohio State U n i v e r s i t y , such p r o b l e m s w e r e handled by obta in ing a m i n i m u m and a 
m a x i m u m re l a t i onsh ip between pavement costs and ax le l oad . I n the cost ass ignment 
p a r t of the s tudies , the pavement cos ts f o r the th inner pavements were d i s t r i b u t e d i n 
the same manner as f o r the heav ie r pavements . In a l l f a i r n e s s , since r equ i r emen t s 
f o r the heav ie r v e h i c l e s a r e not b u i l t in to the road , the re i s some quest ion as to whether 
the use of d i f f e r e n t i a l cos ts i s a p r o p e r a s sumpt ion . 

V e h i c l e - M i l e and A x l e - M i l e A l l o c a t i o n s 

The data of F i g s . 2 and 3 r e f e r to the increase i n cost w h i c h i s r e q u i r e d f o r an i n 
crease i n axle l oad . A second p r o b l e m invo lves the a l loca t ion of the cost of a sys tem 
to a v a r i o u s s ize veh ic l e s o r to u se r g roups . F o r example , i n F i g . 2 the cost to p r o 
v ide a highway capable of c a r r y i n g 9 - ton axles i s suggested. However , a l l veh ic l e s 
share a p a r t of the r e s p o n s i b i l i t y f o r that cost , and the p r o b l e m i s to de t e rmine what 
p o r t i o n of a g iven expendi ture can be a t t r i b u t e d to the v a r i o u s - s i z e d ax le s . 



11 

As stated in the definitions, highway costs are a direct function of axle load, vehicle 
dimensions and performance (including driver ability), and the number of vehicles. 
Furthermore, the repetitions of these factors consistently affect all phases of design. 
In fact, there are practically no costs which are independent of load or vehicle repetition. 
Thus, there are relatively few dollars which can be allocated solely on the basis of the 
number of vehicles in the system insofar as direct cost responsibility is concerned. 
One notable exception is the collection of part of the revenue (motor vehicle registration), 
In states where a third-structure tax such as axle-mile or a ton-mile is used, even a 
part of the revenue collection costs are affected by the mileage traveled. In the studies 
at The Ohio State University i t was assumed that tiie amount of cost which was strictly 
related to the number of vehicles was negligible and all costs were distributed on the 
basis of either axle-mile or vehicle-mile. 

For those costs which are related to structure capacity (structures and pavements), 
the distribution was on the basis of axle-miles (Fig. 3b). For those expenditures which 
were related to geometry or vehicle dimensions (earthwork, right-of-way, drainage, 
etc.) the allocation was made on the basis of vehicle-miles (Fig. 3a). While there may 
be justification for assigning costs on a "per vehicle" basis in some highway economic 
studies, there appears to be no such justification for such an assignment where the 
question is one of cost responsibility. 

A fairly substantial portion of al l highway expenditures can be classed as "uniform" 
costs. These values represent the expenditures which are independent of vehicle di
mensions. 

Pavement and structure costs required for the basic vehicle are typical, as are all 
costs for axle loads of approximately two tons or less (Fig. 2). The compilation of 
uniform costs can be separated so as to indicate whether the e:q)enditures are for 
structural or geometric requirements. While it might be argued that these uniform 
costs could be allocated on a unit vehicle basis, a fair presumption is that ownership 
of a vehicle does not constitute reasons for providing extensive mileages of highways; 
rather, usage of that vehicle. Therefore, axle-miles or vehicle-miles are considered 
a more reasonable bases for allocation of the uniform costs. 
Influences of Traffic Data 

The type of traffic data which are available affects the accuracy of cost allocation 
problems. Since highway costs are associated with axle-miles or vehicle-miles, the 
average ADT (including the number of various types of vehicles), and the average 
number of axles per vehicle are required for the highway system being studied. Most 
state highway departments have developed traffic volumes for the various roads in the 
system. Furthermore, periodic checks have established a reasonable basis for assump
tion as to the numbers and sizes of vehicles. It is probably that the degree of accuracy 
of the traffic data is commensurate with the accuracy of the other phases of a cost-size 
investigation. 

The contribution of foreign vehicles travelling in the state and the amount of travel 
of domestic vehicles out of the state is a source of question. Such a problem arises in 
the application of average miles travelled per year to the numbers of vehicles in order 
to get axle-miles or vehicle-miles. While a state bureau of motor vehicles can normally 
give the number and types of registered vehicles, the amount of travel per year which 
is driven in or out of the state is quite a different matter. It is also difficult to deter
mine the number and average mileage of foreign vehicles. Studies designed to obtain 
such .data are in progress in some states but no reliable data are yet available. For 
the studies at The Ohio State University a simplifying assumption was made; namely, 
that the amount of out of state travel by domestic vehicles was equal and identical in 
terms of types of vehicle to the amount of in the state travel by foreign vehicles. 

While traffic data has a pronounced influence on the allocation of cost responsibility, 
there is also a significant effect on the crediting of taxes paid to various highway user 
groups. In attempting to determine how much tax was paid by a given type of user, the 
total revenue obtained is frequently utilized. Thereafter, average miles per vehicle, 
average gasoline consumption per mile, and average number of vehicles are used to 
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account for the taxes paid. In the case of third-structure taxes, gross weight, axle-
load, or number of axles may also be needed. Having achieved the allocation of taxes 
to various groups, one may wish to compare the cost responsibility for the same groups. 
To do so, the same assumptions must be utilized for numbers of vehicle-miles and axle-
miles. 

In reviewing cost-tax studies, a point of discussion frequently arises with reference 
to the assumptions that lead to the vehicle-mile and axle-mile values. Smaller or larger 
mileages are debated in order to improve relationships. A greater number of vehicle-
miles assigned to a group wil l indicate a higher percent of the total taxes paid. On the 
other hand, a greater number of vehicle-miles increases the percent of cost responsi
bility. Special studies were conducted at Ohio State in June, 1958, by Robert Chieruzzi, 
research associate, to learn more of the rate of change of taxes and cost responsibility 
with changes in the ratio of vehicle-mile and axle-mile data between the severl high
way-user groups. Contained in the following paragraphs is a summary of the results 
of that study. 

The vehicle miles used in obtaining cost allocation (6) were obtained for the year 
1953 in an earlier investigation (JL) by multiplying the number of registered units in 
each vehicle category by the average annual mileage for the particular vehicle group. 
The six user-groups selected were passenger cars, panel and pickup trucks, other 
single-unit trucks, multi-unit trucks, farm trucks, and buses. The registered numbers 
of units for the passenger car, farm truck, and bus groups were initially obtained 
directly from the registration records of the Ohio Bureau of Motor Vehicles. Panel and 
pickup trucks were considered as all registered single-unit trucks with empty weights 
of 4,000 lb or less. As estimating procedure was necessary to obtain the numbers of 

TABLE I 

VEHICLE AND AXLE-MILE DATA FOR OHIO IN 1953 

Vefatele Group Registered Units 
CAdiusted) 

Average Annual 
MUeage* 

Vehicle-Miles Per Cent 
of Total 

Number 
of Axles 

Axle-Miles Per Cent 
of Total 

1. Passenger 
Cars 2,772,063 9,235 25,600,001,805 81.1 2 51,200,003,610 76.2 

2. Panel and 
Pickup Truck 140,721 10,127 1,425,081,567 4.5 2 2,850,163,134 4.2 

3. Other Single 
Unit Trucks 121,S44 17,582 2,138,744,808 6.8 2.064 4,414,000,000 6.6 

4. Multi-Unit 
Truck 38,354 42,188 1,618,078,552 S. 1 4.46 7,220,000,000 10.8 

5. Farm 72,691 8,044 584,726,404 1.8 2 1,169,452,800 1.7 

6. Bus 3,475 47,750 165,931,250 0.7 2 331,862,500 0.5 

Total 3,148,948 31,532,564,386 100.0 67,185,482,044 

* Assumes that the travel out-of-state by local vehicles is equal and similar to travel in-the-state by foreign vehicles. 

units for the "other single-imit" and the multi-unit groups, since such a breakdown was 
not available. The total truck and tractor registered units with empty weights greater 
than 4,000 lb was given. The division of these totals into the two groups was based on 
an estimate reported by Pancoast (1) which involves the fractions of trailer-miles 
pulled by trucks and by tractor-seml-trailer combinations obtained from studies made 
in Ohio in 1950 and assumed to be valid for 1953. The average mileages per vehicle 
for each category were equal to those estimated for 1962 by Pancoast (J) and assumed 
to be adequate for accelerated conditions existing in 1953. Table 1 summarizes the 
data for each of the vehicle groups and the vehicle miles are taken verbatim from the 
tax study (1) . 
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A direct method for obtaining the axle-miles was employed. Essentially, it con
sisted of multiplying the assigned vehicle-miles by the average number of axles per 
vehicle for each group. A total of two axles each was arbitrarily assigned to the pas
senger car, panel and pickup truck, farm truck, and bus groups. Considerably greater 
difficulty was encountered in computing the number of axles per vehicle for the other 
two groups. An estimate was obtained for the single-unit trucks with empty weight 
greater than 4 ,000 lb from the data on the study by Pancoast {J). From the estimated 
vehicle-miles for two and three axle units, a weighted average number of axles of 2 . 064 
was obtained. The calculations are shown below. 

Two Axles Three Axles Total 
Vehicle-miles 1 ,816 ,501 123,690 1 ,940 ,191 
Axle-miles 3 ,633 ,102 371,070 4 ,004 ,172 

Average number of axles = ^' "^Q' = 2 .064 
Hie steps which were required to obtain the axle-estimate fjor the multi-unit groups 

were as follows: 
1 . The average number of axles for semi-trailers was obtained from data in the 

study by Pancoast (t) follows: 
One Axle Two Axles Total 

Vehicle miles 25 ,479 171 ,916 197,395 
Axle miles 25 ,479 343 ,832 3 6 9 , 3 1 1 

Average number of axles = = 1.871 

2. Average number of axles for trailers with empty weights greater than 4 ,000 lb 
was assumed as equal to two. 

3. The bases for combining power units with trailers were the following statements 
of Pancoast (_7) who traced the data to results obtained from a study in 1950: (a) 45 Vs 
percent of trailer-miles was pulled by a commercial truck (single-unit greater than 
4 ,000 lb); (b) 5 4 % percent of trailer-miles was pulled by a tractor-semi-trailer 
combination. 

Accordingly, the following calculations were made with the use of data from the tax 
study U ) : 

Vehicle-Miles Number of Axle-Miles 
Axles 

1 . Trailers greater than 3 ,000 lb 498,287, 600 
2. Trailers pulled by commercial 

trucks (45 % percent of Step 1 ) 225 ,800 ,000 4 . 0 0 903 ,200 ,000 
3. Trailers pulled by tractor-semi

trailer (Step 1 - Step 2) 272, 500,000 5 .87 1 ,600 ,000 ,000 
4 . Semi-trailers, total (from tax 

study) 746 ,444 ,160 
5. Semi-trailer combination only 

(Step 4 - Step 3) 473 ,944 .160 3 .87 1 ,834 ,163 ,000 

6. Total 972 ,244 ,160 4 , 3 3 7 , 3 6 3 , 0 0 0 

A K * , 4 , 3 3 7 , 3 6 3 , 0 0 0 . . „ Average number of axles = 9 7 ^ 244 1 6 6 ~ 

The axle-mile data are summarized in Table 1 . 
The results of traffic variations can be expressed as percentages of either vehicle-

miles or axle-miles, so that the variation can be in any one of the independent variables 
of (a) registered units, (b) avers^e annual mileage, and(c) number of axles. For 
instance, axle-miles ( A ^ ) are obtained by the following equation: 

A i n = R - M a - a ( 1 ) 
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CHANGES IN COST RESPaNSIBn.ITY 
WITH TRAFFIC VARIATWNS 

Vehicle Variation Vehicle-Mle Axle-Mile Vehicle--Mile Axle-Mile Total Coat Change 
Group * (%) Dlatributlon Dlatributlon Coat Coat Reaponaibllity (%) Group * (%) 

(%) (%> Reaponaibllity Reaponaibllity (%) 
(%> (%) 

Max. Mln. Max. I b n . Max. Mln. Max. Mln. 

P 81.1 76.2 43.6 46.5 13.0 22.7 56.6 69.2 (0) (0) 
C 0 6.8 6.6 5.1 6.8 5.8 9.6 10.9 16.4 (0) (0) 
B 5.1 10.8 3.8 5.1 9.5 15.8 13.4 20.8 (0) (0) 
P 82.6 77.9 44.4 47.4 13.3 23.2 57.7 70.6 (+1.1) (+1.4) 
C +10P 6.3 6.1 4.9 8.7 5.8 9.9 10.7 16.6 (-0. 2) (+0.2) 
B 4.7 10.0 3.7 5.1 9.5 16.2 13.2 21.3 (-0.2) h-0.5) 
P 79.5 74.2 42.8 45.6 12.7 22.1 55.4 67.7 (-1.2) (-1.5) 
C -lOP 7.4 7.1 5.5 7.3 6.1 10.1 11.7 17.4 (+0. 8) (+1.0) 
B 5.6 11.6 4.2 5.5 10.0 16.4 14.2 22.0 (+0. 8) (+1.2) 
P 83.8 79.4 45.1 48.1 13.5 23.7 58.6 71.7 (t2.0) (+2.5) 
C +20P 5.8 5.7 4.7 6.5 5.7 9.8 10.4 16.3 (-0.5) (-0.1) 
B 4.4 9.3 3.5 4.9 9.3 16.0 12.8 21.0 (-0.6) (+0.2) 
P 77.5 71.9 41.7 44.5 12.3 21.5 54.0 65.9 (-2. 6) (-3.3) 
C -20P 8.1 7.8 6.0 7.7 6.3 10.2 12.3 17.9 (H.4) (+1.5) 
B 6.1 12.7 4.5 5.8 10.3 16.2 14.8 22.4 (+1.4) (+1.1) 
P 80.6 75.7 43.4 46.2 12.9 22.6 56.3 63.8 (-0. 3) (-0.4) 
C +10C 7.4 7.2 5.6 7.5 6.4 10.6 12.0 18.1 H-1.1) (+1.7) 
B 5.1 10.7 3.9 5.1 9.5 15.7 13.3 20.9 (-0. 1) (+0.1) 
P 81.8 76.7 44.0 46.9 13.1 22.9 57.1 69.8 (+0. S) (+0.6) 
C -IOC 6.1 5.9 4.8 6.5 5.5 9.3 10.3 15.7 (-0.6) (-0.7) 
B 5.2 10.8 4.0 5.5 10.0 16.9 14.1 22.4 (+0. 7) (+1.6) 
P 80.1 75.2 43.1 45.9 12.8 22.4 55.9 68.3 (-0. 7) (-0.9) 
C +20C 8. 1 7.8 6.1 8.0 6.8 11.2 12.9 19.2 (+2.0) (+2.8) 
B 5.0 10.6 3.8 5.0 9.2 15.2 13.0 20.2 (-0.4) (-0.6) 
P 82.3 77.3 44.3 47.2 13.2 23.0 57.5 70.3 (+0.9) (+1.1) 
C -20C 5.5 5.3 4.3 5.9 5.0 8.5 9.3 14.4 (-1.6) (-2.0) 
B 5.2 10.9 4.1 5.7 10.3 17.5 14.4 23.2 (+1.0) (+2.4) 
P 80.8 75.4 43.4 46.3 12.9 22.5 56.3 68.8 (-0.3) (-0.4) 
C +IOB 6.7 6.5 5.1 6.8 5.7 9.4 10.8 16.3 (-0.1) (-0.1) 
B 5.6 11.7 4.3 5.7 10.3 17.0 14.5 22.7 (+1.1) (+1.9) 
P 81.6 77.0 43.9 46.8 13.1 23.0 57.0 69.8 (+0.4) (+0.6) 
C -lOB 6.8 6.6 5.3 7.2 6.2 10.6 11.5 17.7 (+0.6) <H.3) 
B 4.7 9.8 3.6 4.9 9.2 15.5 12.8 20.4 (-0.6) (-0.4) 
P 80.4 74.6 43.2 46.1 12.7 22.3 55.9 68.3 (-0.7) (-0.9) 
C +20B 8.7 6.4 5.1 6.7 5.5 9.0 10.5 15.6 (-0.4) (-0.8) 
B 6.1 12.6 4.6 6.1 10.7 17.6 15.3 23.7 (+1.9) (+2.9) 
P 82.0 77.9 44.1 47.0 13.3 23.2 57.4 70.3 (+0.8) (+1.1) 
C -20B 6.8 6.7 5.4 7.3 6.6 11.2 11.9 18.6 (+1.0) (+2.2) 
B 4 .1 8.8 3.3 4.4 8.6 14.7 11.8 19.2 (-1.6) (-1.6) 

' P - Paaaenger Cara 
C - Single Unit Trucka ( Type C ) 
B - Multi-Unit Trucka ( Type B ) 

where: 
R = number of registered units 

= average annual mileage per unit 
a = number of axles per unit 

A ten percent change in axle-miles can be obtained by a ten percent change in any one 
of the three independent variables or as the aggregate of individual changes in all 
three variables. 

For the special study, variations in traffic data were expressed as percentage 
changes in the vehicle-mile and axle-mile quantities of three vehicle groups, (a) passenger 
cars, (b) other single-unit trucks, and (c) multi-unit trucks, and were limited to pfus 
and minus ten and twenty percent. Interpolation and extrapolation are possible for 
other values. The scheme produced a total of twelve separate variations. The panels 
and pickups, bus and farm truck groups have a total influence of less than ten percent 
of total taxes and cost responsibility, and therefore were conbined into a single group. 

For each of the twelve variations considered, there are correspondii^ changes in 
both the vehicle-mile and axle-mile distributions, which produce proportionate changes 
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OHIO TAX DATA FOR 1953* 
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Vehicle Group 

1. Registration Fees 

Registered 
Units 

Registration 
Fees 

Fees per 
Unit 

Passenger Cars 
Single Unit Trucks 
Multi-Unit Trucks 

2,772,063 
121,644 
79,592 

26,576,913 
13,511,092 
11,991,923 

9.58741 
111.07076 
150.66744 

2. Gas Tax 

Vehicle Group 

Passenger Cars 
Single Unit Trucks 
Multi-Unit Trucks 

Vehicle Group 

Single Unit Trucks 
Multi-Unit Trucks 

Vehicle Miles 

25,600,001,805 
2,138,744,808 
1,618,078,552 

Amount Collected 
(doUars) 

79,258,191 
12,514,276 
18,330,204 

'3. Highway Use Tax 

Axle-Mies 

4,414,000,000 
7,220,000,000 

Amount Collected 
(dollars) 

229,000 
14,501,000 

Unit Tax 
(dollars per 
vehicle mile) 

0.003096 
0.005851 
0.011328 

Unit Tax 
(dollars per 

axle mile) 
0.00005188 
0.0020084 

* From tax studies (1) 

in the assignment of cost responsibility. Shown in Table 2 are the results thus 
obtained. 

For each of the twelve variations in the vehicle-mile and axle-mile quantities, the 
changes produced in the distribution of tax credit were also computed. Of the various 
sources of taxes, only the three major sources were considered in the special study— 
(a) registration, (b) gas, and(c) highway use. Pertinent tax data, shown in Table 3 
were obtained from the tax study (_1). The changes in the three taxes which are asso
ciated with the traffic variations are summarized in Table 4. 

TABLK 4 

SUMMARY OF DATA FOR TRAFFIC VARIATIONS 

Vehicle Group Variaticm Registration Gas Tax Highway Use Total 
Involved (%) Fee (dollars) (dollars) Tax (dollars) Taxes 

(dollars) 

Passenger Car lOP 2,657,688 7,925,816 _ 10,583,504 
20P 5,315,375 15,851,633 - 21,167,008 

Single Unit Trucks IOC 12,164 1,297,678 24 1,309,866 
(TypeC) 20C 24,328 2,595,356 48 2,619,732 

Multi-Unit Trucks lOB 3,835 1,833,022 1,443 1,838,300 
(Type B) 20B 7,670 3,666,044 2,886 3,676,599 
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TABLE S 

CHANGES IN TAXATION ESTIMATES 
WITH TRAFFIC VARIATICJNS 

Variation Vehicle Tax Scheme Tax Scheme Tax Scheme Tax Scheme 
(%) Group a ) (2) (3) (4) 

(%) (%) a,) <%» 

0 P 68.1 58.1 52.9 51.3 
C 10.0 12.6 10.8 11.1 
B 15.4 21.3 18.2 18.8 

Gen. Pub. — — 13.0 11.8 
+10P P 68.9 59.8 54.7 53.0 

C 9.8 12.1 10.4 10.7 
B 15.0 20.5 17.5 18.1 

Gen. Pub. — — 10.8 11.4 
-lOP P 67.2 56.3 50.9 49.4 

C 10.3 13.1 11.3 11.5 
B 15.9 22.2 18.9 19.5 

Gen. Pub. — — U . 7 12.2 
+20P P 69.7 61.3 56.3 54.6 

C 9.5 11.6 10.0 10.3 
B 14.7 19.7 16.8 17.5 

Gen. Pub. — — 10.4 11.0 
-20P P 66.3 54.4 48.8 47.5 

C 10.6 13.7 11.8 11.9 
B 16.3 23.2 19.7 20.3 

Gen. Pub. — — 12.2 12.7 
•flOC P 67.9 57.8 52.6 51.0 

C 10.3 13.0 11.3 11.5 
B 15.4 21.2 18.1 18.7 

Gen. Pub. — — 11.2 11.7 
-IOC P 68.3 58.4 53.1 51.5 

C 9.7 12.1 10.4 10.7 
B 15.5 21.4 18.3 18.9 

Gen. Pub. — — 11.3 11.8 
+20C P 67.6 57.5 52.3 50.8 

C 10.6 13.4 11.7 11.9 
B 15.3 21.1 18.0 18.6 

Gen. Pub. — — 11.1 11.7 
-20C P 68.5 58.7 53.4 51.7 

C 9.4 11.7 10.0 10.3 
B 15.5 21.5 18.3 19.0 

Gen. Pub. — — 11.3 11.9 
+10B P 67.8 57.7 52.5 51.0 

C 10.0 12.4 10.8 11.0 
B 15.8 21.9 18.7 19.3 

Gen. Pub. — — 11.2 11.7 
-lOB P 68.4 58.5 53.2 51.6 

C 10.1 12.6 10.9 11.1 
B 15.0 20.7 17.6 18.3 

Gen. Pub. — — 11.3 11.9 
+20B P 67.5 57.3 52.1 50.6 

C 9.9 12.4 10.7 10.9 
B 16.2 22.4 19.3 19.8 

Gen. Pub. — — 11.1 11.6 
-20B P 68.7 59.0 53.6 51.9 

C 10.1 12.7 11.0 11.2 
B 14.6 20.2 17.0 17.8 

Gen. Pub. ~ — 11.4 11.9 
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By introducing the proper changes in the tax credits for each of the traffic variations, 
corresponding tax credit distributions were obtained. As stated previously, a signifi
cant factor in the comparisons of cost responsibility with taxes paid is the taxes which 
are included in the analysis. Each of the following four tax schemes was considered in 
the specidal study: 

TABLE 6 

E F F E C T UPON TAXES PAID-COST 
RESPONSmiLlTY RELATIONSHIPS 

Vehicle Group More Favorable* 

Tacreaae Decrease 

NegUglble Effect 

Passenger PI 
Cars (P) P2 

P3 
P4 
CI 
Bl 

C2, C3, 
B2. B3. 

C4 
B4 

Other Single- PI , P2, P3, P4 
Unit Trucks CI 

(C) 

Bl 
B2 
B3 
B4 

C2 
C3 
C4 

Multi-Unit PI 
Trucks P2 

(B) 

CI 
C2 
C3 
C4 

P3 
P4 

B l 
B2 
B3 
B4 

Numbers used with letters refer to the four tax assumptions. The column indicates 
the tax assuii4)tlons that produce more favorable cost-size relations, and whether 
Qie txaS&e variation for a given vehicle group must be increased or decreased to 
obtain the better relation. 
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1. Al l taxes were included except the general public's portion. 
2. Al l taxes were included except state sales, federal excise and the general 

public portion. 
3. Al l taxes were included except non-highway use taxes. 
4. A l l taxes were included except state sales and federal excise taxes. 

Non-highway use taxes were those obtained from highway users but not expended on 
Ohio highways, while the general public's portion came from the general funds of the 
state and local governments; that is, not highway user taxes. The results are some
what misleading in that the federal tax laws of 1953 and 1954 are considered. Several 
types of taxes which were not utilized on highways at that time must now be incorporated 
into the highway budget. The various tax credit distributions are tabulated in Table 5. 

The influences of the traffic variations were expressed on the basis of the variations 
produced more or less favorable taxes paid-cost responsibility relationships for each 
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of the vehicle groups considered. Summarized in Table 6 and in the following are 
the trends indicated in the plots of the data shown in Figs. 4, 5, and 6. 

Passenger Cars, —(a) Under the Tax Schemes 2, 3, and 4 the effects of variations 
in both C and B Type traffic data ( Table 3) are negligible, (b) Under Tax Scheme 1 an 
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increase in both C and B traffic and a decrease in P vehicle-miles will produce favor
able effects. 

Type C Trucks, —(a) Variation in the passenger car vehicle miles wil l have negli
gible effect, regardless of tax schemes, (b) Favorable effects are produced by a de
crease in the C Type vehicle-miles underTax Schemes 1, 3, and 4 and an increase in 
B Type vehicle-miles under Tax Schemes 1. (c) Under Tax Scheme 2 an increase in 
the C Type vehicle-miles wil l produce non-favorable effects. 

B Type Trucks.—(a) Favorable effects will be produced by an increase in C Type 
vehicle-miles and a decrease in both P and B Type vehicle-miles under all Tax-Schemes 
except one which has negligible effect, namely a passenger car variation under Tax 
Scheme 1. 

The analyses for the special study were not complete and represent the results pro
duced by the consideration of only three of the tax sources: (a) registration fees, (b) 
fuel tax, and (c) highway use. Furthermore, the tax and traffic data were obtained 
from the tax study (^)and highway cost study {6} and variations were made therefrom. 
However, the following significant statements are considered reasonable interpretations 
of the results. 

There are two major variations which improve the taxes paid-cost responsibility 
relationship for the B and C Type vehicles. One condition is produced by a decrease 
in their respective vehicle and axle miles. This infers that although the tax credits 
increase with increased vehicle and axle mileage, the cost responsibility increases at 
a faster rate. Conversely, the cost responsibility diminishes at a faster rate than taxes 
paid. The other favorable variation is an increase in vehicle and axle mileage in the 
other group; that is, an increase in B Type vehicle and axle mileage wil l produce im
proved relationships for the C Type group and vice versa. Again, the reason for this 
situation stems from different rates at which the taxes paid and cost responsibility are 
affected. 

An increase in passenger car vehicle-miles produces favorable effects for all tax 
schemes except the one which includes most of the taxes which are paid by highway 
users but are not used on Ohio highways. This indicates that the taxes paid increase 
at a greater rate than cost responsibility except for the one instance. 

Considerations in Establishing a Basic Vehicle 
The basic vehicle can be defined as that vehicle which can satisfactorily operate on 

highways without adding to the minimum highway costs required for the safety and con
venience of the smallest vehicle. The establishment of the basic size of vehicles is 
critically necessary for problems where differential costs between vehicles is the basis 
or where allocation of cost responsibility is concerned. On the other hand, if one is 
attempting to establish the optimal design, considerations of the basic vehicle may not 
be pertinent. The last statement assumes that the size of the basic vehicles is at least 
as great as a passenger car. In developing a relationship between highway costs and 
vehicle size, one can originate with, or extrapolate to, the lowest sized vehicles. At 
some point near the lowest limit of vehicle size, climatic and non-highway user re
quirements start controlling. It is at this point that the size of the basic vehicle is de
fined. Figure 2 illustrates the point by use of the Ohio studies. As can be seen, if the 
optimum-sized vehicle has an axle load larger than 2.5 tons, the size of the basic ve
hicle is not a factor. 

On the other hand, assignment of cost responsibility requires an estimate of the size 
of the basic vehicle, since all vehicles share, on some equivalent basis, the costs re
quired for the basic vehicle. The indirect source of cost which affects the size of the 
basic vehicles more than any other is climate. Another contribution however, is the 
minimum construction cost which is feasible. To a certain extent, the topography is 
also a factor in the geometries due to the performance characteristics of the vehicle. 
Since climate, topography, and construction costs are factors, the size of the basic 
vehicles wil l vary from one locale to another; that is, the basic vehicle for the State 
of Maine wi l l be different than that for New Mexico. For area-wide studies, then, the 
basic vehicle is based upon a statistical evaluation of the conditions in the area. 
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In starting an investigation of the relationship between highway costs and vehicle 
size it wil l be important to know whether the establishment of a basic vehicle is requir
ed in the problem. Secondly, i t should be understood that the size of the basic vehicle 
is a function of the region and the area under study must be utilized as a basis rather 
than the adoption of a value derived for different conditions. 

Reconstruction, Resurfacing, and Surface Treatment 
Allocating cost responsibility for reconstruction, resurfacing, and surface treat

ment includes certain uniqjue considerations. While the following discussion is limited 
to pavement costs, the principles would be applicable to other costs which are normally 
included in reconstruction. 

An interesting (Question, pertaining primarily to reconstruction and resurfacing, 
can be stated as follows: to what size vehicle should costs be assigned for those pave
ment expenditures which attempt to extend the design life? In the strictest sense, there 
is no problem because the heaviest axle loads which are utilizing the pavement undoubt
edly produce the greatest stress per repetition. Hie confusing element is the fact that 
climate has contributed to the reduction in structural capacity of the pavement. Un
fortunately, the effect the smaller vehicles would have on the pavement cannot be ration
ally determined. Furthermore, climate alone may start producing damage which wil l 
require maintenance. It has been argued that since the pavement has gone beyond the 
design life, all vehicles should share on an equivalent basis for its rehabilitation. For 
the studies at The Ohio State University, however, the direct responsibility for the 
pavement disintegration was considered as resting with the heavy trucks. It was also 
recognized that this assumption produced extreme relationships since the climatic de
terioration of the structure and the activity of the lighter-weight vehicles undoubtedly 
contribute. Therefore, the method finally adopted was to compute maximum cost dif
ferential by assigning the entire reconstruction and resurfacing pavement costs to the 
heavy vehicle. For the minimum cost differential i t was assumed that vehicles shared 
responsibility on the same basis as they would for new construction. 

The uncertainties associated with surface treatment are somewhat different. The 
definitions for surface treatment vary with organizations, but for the following dis
cussion i t wil l be assumed that surface treatments are those additions to the pavement 
which add no structural capacity. It is also assumed that no serious surface irregular
ities could be levelled by surface treatment, and one can conclude, therefore, that the 
surface treatment is principally placed for control of climatic influences. 

On newly-constructed secondary highways the inclusion of surface treatment may 
furnish the completion of a long-range, new-construction project. In such cases, sur
face treatment should be considered as new construction and prorated in accordance 
with the accepted pavement design techniques. The procedure followed for The Ohio 
State studies consisted of applying the principles of pavement cost allocations for new 
construction in order to obtain the maximum cost differential. Whereas for a minimum 
cost differential, the costs were distributed uniformly on a usage basis. In no case 
were the costs of surface treatment assigned directly to the truck as was done for re
construction and resurfacing. 

From the foregoing it wi l l be noted that an engineering decision was made with ref
erence to the assignment of the costs. By more rigorous study of the cost data, it 
might be possible to assign the expenditure on a more rational basis. However, i t wi l l 
be (juite an unusual situation where the available cost and design records are sufficient 
to permit a detailed analysis of the type and extent of reconstruction, resurfacing, and 
surface treatment. 

Engineering and Administration 
The cost responsibility for engineering and administration has been generally al

located on one of two basic concepts. One philosophy states that engineering and ad
ministration is a function of the dollar size of the program and should, therefore, be 
divided proportionally among the various cost items for which the engineering and ad
ministration has been required. Under this theory the dollars for engineering and ad-
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ministration would be allocated on the same basis as the individual cost items to which 
they are assigned; that is, dollars of engineering and administration added to the cos*̂  
of pavements would be allocated on the same basis as the actual pavement costs. 

A second theory for considering engineering and administration deals with the as
sumption that such costs are a function of the numbers of vehicles and miles of highways 
in the system and not a function of the size of the vehicle; that is, engineering and ad
ministration would be approximately the same even if passenger cars were the largest 
vehicles using the highway. From a viewpoint of plan preparation or design engineering, 
one is inclined to accept the second theory. For actual construction, however, the in
creased quantities required for the heavier vehicles undoubtedly add to the cost for field 
engineering and administration. The fact that engineering fees are based upon a per
centage of the contract costs is used as an argument in favor of the f i r s t theory. How
ever, actual costs of plan preparation and construction supervision would not vary sig
nificantly with the sizes of the vehicle for which the design is accomplished without 
varying the level of effort to achieve the design. 

From a practical point of view, it seems certain that the actual relationship lies 
somewhere between the two extremes su^ested in the two aforementioned theories. 
In application, the f i r s t theory leads to the allocation of costs on the same basis as 
other highway costs which would place a higher cost differential on the larger vehicles. 
Under the second theory, the engineering and administration would be considered a 
function of the number of vehicle-miles or of axle-miles, but on a uniform basis, rather 
than an added increment assigned to the larger vehicles. 

Estimating EMfferential Costs 

The extensive work required for developing cost-size relations, and the dependency 
upon design methods for current results discourages many agencies from undertaking 
detailed analyses. Most of the research at Ohio State was devoted to the basic meth
odology of obtaining cost-size relationships for the individual cost items. Since the 
studies were for Ohio highway conditions only, the results are not directly applicable 
to other areas or agencies. However, in lieu of other information, the data are con
sidered to be approximately equivalent, at least qualitatively. Where comparable 
design criteria are utilized, the shape of the cost-size curve shown in Fig. 2 is con
sidered as representative of results using comparable assumptions. Further enlighten
ment may be provided by Table 7 which summarizes the equations which lead to the 
combined data. 

Assuming that the relations expressed in Fig. 2are acceptable, particularly as to the 
shape of the curves, differential costs can be estimated directly from total annual cost 
(or total cost per mile) and the legal load (or design load). The following is the math
ematical expression for total costs: 

Cmax = 9-7Wi°-^*^^ (2) 
in which: 

^max ~ Maximum total annual cost per mile in thousands of doUars. 
Wi = Weight of axle load in tons. 

C „ ^ . 4 . 5 W . (3) 
in which: 

Cmin = Minimum total annual cost per mile in thousands of dollars. 
The equations hold for a range of W of 5 to 20 tons, and for the single value of 2 tons. 
However, there is an implication that the axle load weights of 10 to 20 tons wil l (a) not 
involve a change in vehicle dimensions, or (b) not affect the geometric requirements. 

For the general solution: 

C = CaW^ (4) 
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in which: 
C = annual cost per mile for the axle load, W. 
Ca = annual cost per mile for the unit axle load. 
s = constant (equal to the slope of the logarithmic relation). 

The unit axle load is defined as the axle load for which is known. If no data are 
available as to cost for a specific axle load. Equation 4 wil l not be helpful. However, 
for an existing system, the legal (or design) load can be used in conjunction with the 
actual expenditures and a solution achieved. Values of s are a function of the design 
techniques, which for Ohio were defined by: 

s = 0.00163C9.5 + 0.1210 (5) 

in which: 
C 9 . 5 = Total annual cost per mile in thousands of dollars for a design axle 

load of 9.5 tons. 
The equation is considered applicable for C9 .5 values between $6,000 and $13, 200. 
Where the differential costs between two axles is desired: 

C2 = C^Wi' s D = Ci 

in which: 
D = Differential costs between requirements for axle loads of Wi and Wa . 

T A B L E 7 

EQUATIONS USED IN D E V E L O P I N G C O S r - S I Z E R E L A T I O N S 

Cost Jtem Equation Remarks 

Pavements 
(P) 

P 9.5 
New construction, two-lane f u l l d ^ t h 

Structures 
(S) 

Cg max = 410 log W + 90 

Cg m m = 115 log W + 155 

Weighted combination f o r s ix s t ruc tura l 
types and seven vehicle types 

Earthwork 
(E) 

C g j j = 32. 8 log T -63. 6 

C „ „ = 0 . 0 0 1 1 o g T + 1 2 . 1 

Rura l new construction 

Rura l reconstruction 

Blght-of-Way 
(A) 

C ^ j , = 4.0 T + 6 . 4 

C ^ H = 0. 003 T +3. 8 

Rura l new construction 

Rura l r e c m s t r notion 

Roadside 
Development 

( Q ) 

CQJJ = 0. 000005 T +5.5 

CQJJ = 0.0001 T + 3 . 7 

RuraTnew construction 

Rura l reconstruction 

Drainage 
<D) 

C j j j j = 0. 007 T +2. 8 Rura l new construction no re la t ion 
found f o r reconstruction 

Maintenance 
(M) 

C j j = 4 . 9 1 . 19 + 0.206 T j j Roadbed and surface maintenance and 
repair - excludes resurfac ing, surface 
creatment, etc. 

Total Cmax = « - ^ W 0 - 1 « 2 

C ^ . „ = 4 . 5 W » - 1 3 0 2 

Discontinuous over the range 2 to 5 ton 
axle loads. Assumes no increase i n 
geometric dimensions of vehicles f o r 10 
to 20 tons. Unit axle load is one ton. 

(6) 

C - Annual cost per m i l e in thousands of do l la rs . 

N - New construction 

R - Reconstruction 

S - Constant 

W - Axle load i n tons . 

T - Adjusted A D T - number of heavy vehicles increased by topographic fac tor . 

H - Heavy vehicle - (Type B & C t rucks ) . 
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If costs are to be compared to the legal axle load or to the unit axle load, then: 

D ^ = C u ( W ^ - l ) ( 7 ) 

NEW CONSTRUCTION 
TWO LANE NEW CONSTRUCTION 

TWO LANE 

MAXIMUM COST 

MINIMUM COST 

4 5 6 7 8 9 10 

AXLE LOAD IN TONS 

l b ) 

V MAXIMUM COST 

MINIMUM COST 

8 10 12 14 
A X L E LOAD IN TONS 

(a) 

F i g u r e 7. Rate o f i n c r e a s e o f annual, c o s t w i t h i n c r e a s e I n a x l e l o a d . 
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in which: 
D = Differential annual cost per mile in thousands of dollars between the unit axle 

load'ind W. 
= Annual cost per mile in thousands of dollars for the unit axle load. 

W = Axle load in tons for which differential costs are desired. 
Values for s are determined as discussed in the preceding and in Equation 5. 

Another interesting consideration is the rate of increase of highway costs with axle 
load. Based upon Equation 4: 

dC = CaS W ^ ' ' dW (8) 
and: 

r = CasW^" ' (9) 
in which: 

r = rate al increase of total annual cost responsibility in thousands of dollars per 
mile per ton (axle load). 

A typical plot of Equation 9 is shown in Fig. 7 for Ohio conditions. The implication 
of Fig. 7 is that for higher axle loads, the rate of cost increase is reduced, particularly 
for weights in excess of 6-8 tons. 

SUMMARY 
In considering the differential cost studies to date, the problems of developing the 

relationship between highway-cost and vehicle-size leads to certain conclusions. The 
complexities of rationally expressing the relations which are needed prevent too many 
general statements. 

For a truly rational and theoretically sound development of the relation of highway 
costs to vehicle si;ze a great deal of research is st i l l required. Since so many phases 
of highway engineering are st i l l empirical and since the elements of highway costs 
which are rational represent such a small part of the total cost, the values derived from 
the cost-size investigations are certain to be questioned. On the other hand, studies 
based upon the methods currently used for design wil l at least reflect present practice 
and expenditures. Insofar as this type of an answer is suitable, reasonably reliable 
estimates can be made. 

From a research viewpoint, the studies which are most needed for cost-size investi
gations are related to the geometric factors. While it is true that a rational solution to 
structural elements such as pavements is not available, the empiricism utilized in 
pavement design is more effectively related to vehicle size than is the design for geo
metric factors. 

The shape of the curve of highway costs versus vehicle size appears to be reasonably 
well established at this time, at least for current design procedures. There is little 
question but that the curve is basically of the exponential form Fig. 2 rather than the 
reverse curve frequently used as a qualitative description of the relationship. There is 
greater question as to the validity of the geometric capacities than for the structural 
elements. 

Considering the complexities of achieving values for cost-size relations, a suggested 
procedure for estimating differential costs may be quite adequate for many problems. 
The method proposed involves knowing the dollars per mile which are available for a 
given highway system. Using the legal load as the axle load for which the system is 
designed, one point on the cost-size curve is available. Equations for projecting the 
curve above and below this given point have been suggested (0). 

One of the major problems for which little direct research is currently under-way is 
involved with the problem of solving for the optimum sized vehicle to be used on an 
existing road network. There are a great many miles of highways in this country, and 
until i t is possible to evaluate the load-carrying characteristics of these pavements, 
it wi l l be illogical to extrapolate current expenses for reconstruction and resurfacing. 
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The same is true for maintenance costs which are associated with vehicle weight 
(structural capacity). There is also some qpiestion as to the validity of extrapolating 
the geometric capacity requirements beyond the current values. Accordii^ to the 
stand&rd design practice today, the vehicle dimensions make no difference other than 
on the broad basis of passenger cars and trucks. Thus, changing vehicle dimensions 
would not appear to change highway costs. It is cjuite obvious that such a statement is 
not theoretically sound. As an example, a substantially wider vehicle would unquestion
ably increase the geometric capacity requirements. Drastic changes of vehicle height, 
length, and performance could also affect highway geometries. 
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