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TIME AND GASOLINE CONSUMPTION IN MOTOR TRUCK 
OPERATION AS A F F E C T E D B Y T H E WEIGHT AND 

POWER OF V E H I C L E S AND T H E RISE AND 
F A L L IN HIGHWAYS 

The p r o b l e m of the size and weight 
of c o m m e r c i a l veh ic les has been w i t h 
us f o r some t i m e and w i l l continue to 
be w i t h us u n t i l i t i s so lved th rough 
the j o i n t e f f o r t s of the en t i r e h i g h 
way t r a n s p o r t a t i o n indus t ry and the 
publ ic o f f i c i a l s who must dea l w i t h the 
p r o b l e m . The s teps to the so lu t ion a r e 
many, but an answer c e r t a i n l y ex i s t s 
that w i l l serve best both the publ ic 
and the i n d u s t r y . I t was w i t h t h i s thought 
i n m i n d that the Highway Research 
Boa rd , th rough the Depa r tmen t of E c o 
n o m i c s , F inance , and A d m i n i s t r a t i o n , 
es tab l i shed the C o m m i t t e e on the E c o 
n o m i c s of M o t o r Vehic le Size and 
Weight , w i t h m e m b e r s c a r e f u l l y chosen 
f r o m a l l the in t e res t s that make up the 
grea tes t t r a n s p o r t a t i o n t eam i n the 
w o r l d . I t i s the goal of t h i s c o m m i t t e e 
to c o m p i l e the mass of f a c t u a l i n f o r m a 
t i o n r e q u i r e d and to t r ans la te i t mto a 
p r a c t i c a l so lu t ion of the p r o b l e m . 

The f i r s t ac t ion of t h i s c o m m i t t e e , 
whose member sh ip i s l i s t e d on the p r e -
cedmg pages, was a survey of a l l e x 
i s t i n g basic i n f o r m a t i o n on the subject . 
Needless to say, c e r t a i n i n f o r m a t i o n 
was found to be l a c k m g . Among the 
m i s s i n g were adequate data on the d i 
r e c t ope ra t ing cos t s of c o m m e r c i a l m o t o r 
veh ic les as r e l a t e d to the weight and 
power of the veh ic le and the p r o f i l e of 
the highway. T o c o l l e c t a p a r t of the 
r e q u i r e d i n f o r m a t i o n the C o m m i t t e e i n 
i t i a t ed i n June 1948, i n Pennsylvania , a 
l a r g e - s c a l e r e s e a r c h p r o j e c t which b e 
came popu la r ly known as the Pennsy l 
vania P i l o t Study. I n r e a l i t y , the t e r m 
" P i l o t Study" was a m i s n o m e r , f o r the 
study was d e f i n i t e l y not designed to 
p l o t the course of a s i m i l a r but m o r e 
comprehens ive study to f o l l o w . I t was 
the f i r s t of two d i s t i n c t l y but c lo se ly 
in tegra ted s tudies planned by the C o m 
mi t t ee to obta in opera t ing-cos t data. 
S imply , i t was a v e h i c l e - p e r f o r m a n c e 
study designed p r i m a r i l y to produce two 
segments of the d i r e c t ope ra tmg costs , 
f u e l and t i m e , f o r heavy c o m m e r c i a l 

veh ic les of v a r i o u s types , power s , and 
g ross weigh t s . As such, i t was a f u l l -
f l edged study i n i t s own r i g h t but , c o n 
t r a r y to pub l ic op in ion , as evidenced by 
many l e t t e r s of i n q u i r y , i t was not i n 
any sense expected to p rov ide comple te 
i n f o r m a t i o n w i th which to solve the p r o 
b l e m c o n f r o n t i n g the c o m m i t t e e . The 
data obtained const i tu te an i m p o r t a n t 
p a r t of the t o t a l f a c t u a l data wh ich w i l l 
be r e q u i r e d . 

C O O P E R A T I N G AGENCIES 

The r e s u l t s of the f i e l d tes ts w h i c h 
were comple ted i n October 1948 have 
now been analyzed and a re the subject 
of t h i s r e p o r t . T h i s c o n t r i b u t i o n of data 
t o w a r d the so lu t ion of a d i f f i c u l t p r o b l e m 
i s not the p roduc t of any one man o r 
any one in t e res t . I t i s the c o n t r i b u t i o n 
of i n d u s t r y and Government f o r a j o i n t 
so lu t ion of the size and weight p r o b l e m . 
Each shared m the cost of the study and 
each f u r n i s h e d wholehear ted ly the p e r 
sonnel r e q u i r e d to p lan , o rgan ize , and 
accompl i sh the r e sea rch . Spec i f i c a l l y , 
the Au tomob i l e M a n u f a c t u r e r s A s s o c i a 
t i o n p r o v i d e d the powered veh ic l e s , 
mechanics , and insurance ; the T r u c k -
T r a i l e r M a n u f a c t u r e r s Assoc ia t ion , the 
s e m i t r a i l e r s and f u l l t r a i l e r s , the 
A m e r i c a n T r u c k i n g Assoc ia t ions , I n c . ; 
and the Na t iona l Counc i l of P r i v a t e 
M o t o r T r u c k Owners , the t r u c k d r i v e r s ; 
the Depar tmen t of the A r m y , a w r e c k e r 
f o r load ing the tes t veh ic l e s ; the Penn
sylvania Depar tmen t of Highways , the 
f a c i l i t i e s of the two State highway g a r 
ages f o r bases of opera t ion and p e r s o n 
ne l f o r r e c o r d i n g data; the Pennsylvania 
T u r n p i k e C o m m i s s i o n , the t o l l - f r e e use 
of the T u r n p i k e ; the Bureau of Publ ic 
Roads, the m s t r u m e n t a t i o n and super
v i s o r y pe r sonne l ; and eight m a j o r east
e r n p e t r o l e u m companies , the gasoline 
and o i l . T h i s study was an e x e m p l a r y 
demons t r a t i on of how i n d u s t r y and 
Government can w o r k together t o w a r d 
the so lu t ion of a basic t r a n s p o r t a t i o n 
p r o b l e m . 



PURPOSE OF R E P O R T 

The purpose of t h i s r e p o r t i s t w o 
f o l d , w i t h the p r i m a r y one being to r e 
late the gasol ine consumpt ion and t r a v 
e l t i m e observed on the tes ts w i t h the 
weight and power of the veh ic le and w i t h 
the p r o f i l e of the highway i n such a m a n 
ner that they can be p r a c t i c a l l y appl ied 
to the p r o b l e m s at hand. The idea i s to 
develop f a c t o r s that w i l l f i t any g iven 
cha rac t e r of highway o r veh ic le i n any 
p a r t of the coun t ry . The secondary 
purpose IS to show by a f e w examples 
how the f a c t o r s developed can be appl ied 
to the p r o b l e m s of highway and vehic le 
economics . 

I t i s imposs ib l e at t h i s t i m e to a t 
t empt to show w h i c h type and weight of 
veh i c l e s a re the mos t economica l f r o m 
the opera t ing standpoint because only 
two segments of the o v e r a l l cos t a r e 
evaluated. The cos ts of t i r e s , m a i n t e n 
ance, dep rec i a t i on , and overhead r e 
m a i n to be evaluated. T h e i r evaluat ion 
I S the purpose of another p r o j e c t being 
planned by the c o m m i t t e e . 

I n addi t ion to the observa t ions of t i m e 
and f u e l , i n f o r m a t i o n was also co l l ec t ed 
on gear s h i f t s , b rake appl ica t ions , and 
engme r evo lu t ions w i t h the idea that 
t h i s i n f o r m a t i o n w o u l d a id the c o m m i t t e e 
i n r e l a t i n g maintenance cos ts , to be de 
r i v e d f r o m the p r o j e c t e d study, to the 
highway. The analyses of these a d d i 
t i o n a l data are not ye t comple te and 
w i l l necessa r i ly be the subject of a 
f u t u r e r e p o r t . T h i s r e p o r t t r e a t s so le ly 
of f u e l consumpt ion and t r a v e l t i m e . 

BASIC T E R M S D E F I N E D 

Throughout the tex t and on the cha r t s 
and tables c e r t a i n t e r m s a re used wh ich 
must be thoroughly unders tood to p r e 
vent m i s i n t e r p r e t a t i o n of the r e s u l t s . 
A d e s c r i p t i o n of these t e r m s f o l l o w s : 

1. Total rise nnd fall - The a r i t h 
met ic sum of the v e r t i c a l r i s e and f a l l 
i n f ee t f o r any sec t ion of highway. F o r 
example , i f a sec t ion of highway p r o 
g r e s s i v e l y r i s e s 100 fee t , f a l l s 500 
fee t , r i s e s 30 fee t , and f a l l s 10 fee t , 
the t o t a l r i s e and f a U w i l l be 640 fee t . 
The t o t a l r i s e and f a l l i s the same r e 
gard less of the d i r e c t i o n of t r a v e l . The 
r i s e i n one d i r e c t i o n of t r a v e l w i l l be

come the f a l l i n the opposite d i r e c t i o n 
and v i c e ve r sa . 

2. Rate of rise and fall - The t o t a l 
r i s e and f a l l f o r any sec t ion of highway 
d iv ided by the length of sect ion i n h u n 
d reds of fee t . I f the t o t a l r i s e and f a l l 
i s 640 f ee t and the length of sec t ion i s 
20 ,000 f ee t , then the ra te of r i s e and 
f a l l i s 3 . 2 f ee t p e r h imdred fee t . I t i s 
not to be confused w i t h the percent of 
grade. I t i s equivalent to the average 
percent of grade only when e i t he r the 
r i s e o r f a l l i s 100 percent of the t o t a l 
r i s e and f a l l . 

3. Gross horsepower - The b rake 
horsepower of the engine, opera t ing 
wi thou t accessor ies such as f a n , a i r 
c o m p r e s s o r , genera tor , m u f f l e r , e t c . , 
that i s avai lable at the c l u t c h o r i t s 
equivalent . 

4. Net horsepower - The brake 
horsepower of the engine, ope ra t ing 
w i t h a l l i t s n o r m a l accessor ies , that i s 
avai lable at the c l u t c h o r i t s equivalent . 
I t i s the g ross horsepower minus the 
horsepower absorbed by f a n , c o m p r e s 
sor , genera tor , e t c . , and i s the one 
recommended f o r use i n s tudying the 
p e r f o r m a n c e s of m o t o r veh ic l e s . H o w 
ever , u n t i l r e cen t ly i t has not been 
publ i shed by v e r y many of the m a n u 
f a c t u r e r s . T h e r e f o r e , i t i s usua l ly 
necessary i n s tudies i n v o l v i n g the gen
e r a l t r a f f i c on the h ighways to use the 
g ross horsepower and then conver t to 
net horsepower . F o r a l l p r a c t i c a l p u r 
poses net horsepower can be assumed to 
be 90 percen t of the g ros s horsepower . 

5. neight-pouer ratio - The r a t i o 
of the g ros s weight of the veh ic le o r 
combina t ion of veh ic l e s to the g ross o r 
net horsepower of the powered un i t . I n 
t h i s s tudy, except f o r c e r t a i n explana
t o r y uses of the r e s u l t s , the w e i g h t -
p o w e r r a t i o I S d e t e rmined by us ing the 
net horsepower . 

^. Gasoline consumption - T h e g a l 
lons of gasol ine consumed pe r m i l e of 
highway t r a v e l . Gal lons p e r m i l e i s 
used throughout t h i s r e p o r t as a meas 
u r e of gasol ine consumpt ion , as i t i s 
m o r e eas i ly appl ied to the type of p r o b 
l e m s usua l ly encountered. The c o n 
v e r s i o n f r o m gal lons p e r m i l e s to m i l e s 
p e r g a l l o n can be eas i ly made since one 
i s the r e c i p r o c a l of the o ther . 

7. Travel time - The mmutes r e -



q u i r e d to t r a v e l one m i l e of highway. 
Minu tes p e r m i l e cah be conver ted to 
m i l e s p e r hour by d i v i d i n g 60 by the 
minutes pe r m i l e . 

S. Composite gnsoltne con<iunption-
The t o t a l number of gal lons of gasoline 
r e q u i r e d by a veh ic le of a g iven weight 
to t r a v e l in both d i r e c t i o n s on a sect ion 
of h ighway, d iv ided by twice the length 
of the sec t ion in m i l e s . I f a t r u c k uses 
14 ga l lons in one d i r e c t i o n and 2 g a l 
lons i n the o ther on a 4 - m i l e sect ion of 
highway, the composi te gasoline c o n 
sumpt ion IS 2 ga l lons p e r m i l e . 

9. Compaite travel time - The sum 
of the minutes r e q u i r e d by a vehic le of 
a g iven we igh t -power r a t i o to t r a v e l i n 
each d i r e c t i o n on a sect ion of highway, 
d iv ided by twice the length of the sec
t i o n i n m i l e s . The composi te t r a v e l 
t i m e i s 3 minu tes pe r m i l e i f 14 m i n 
utes i s r e q u i r e d i n one d i r e c t i o n and 10 
minutes m the o ther d i r e c t i o n , and the 
length of the sect ion i s 4 m i l e s . 

i f . Directional gasoline consump
tion- The ga l lons of gasol ine consumed 
by a vehic le i n t r a v e l i n g i n a s ingle d i 
r e c t i o n over a sect ion of highway, d iv ided 
by the length of the sec t ion i n m i l e s . 

11. Directional travel line - The 
minutes r e q u i r e d f o r a veh ic le to t r a v e l 
in a s ingle d i r e c t i o n over a sect ion of 
highway d iv ided by the length of the sec
t i on in m i l e s . 

D E S C R I P T I O N OF TEST ROUTES 

The p e r f o r m a n c e tests were conduct
ed over two routes in Pennsylvania 
wh ich d i f f e r r a d i c a l l y m geomet r i c de 
s ign . One was a m a j o r p o r t i o n of the 
Pennsylvania T u r n p i k e between C a r l i s l e 
interchange and the New Stanton i n t e r 
change, a distance of 148. 7 m i l e s . I t 
is a 4 - lane d iv ided highway w i t h 12 - f t . 
lanes, a m a x i m u m gradient of 3 percent , 
and a m a x i m u m c u r v a t u r e of 6 degrees. 
I t i s paved wi th p o r t l a n d cement c o n 
c re te f o r i t s en t i r e length. The other 
was a sect ion of U . S . 11 f r o m C a r l i s l e 
to Chambersburg and a sect ion of U . S. 
30 f r o m Chambersburg to Greensburg , 
a t o t a l length of 149.4 m i l e s . T h i s l a t 
t e r route a f f o r d e d a conglomera te of 
sur face types, pavement w id ths , c u r v a 
t u r e , and gradient . Genera l ly , i t c o n 

s i s t s of two lanes v a r y i n g in i n d i v i d u a l 
wid th f r o m 9 to 12 f t . Only a s m a l l 
mi leage has lanes w i d e r than 10 f t . 
N a r r o w shoulders , sharp c u r v e s , and 
r e s t r i c t e d s ight dis tances are the r u l e . 
The g rea t e r p o r t i o n of the route is paved 
w i t h b i tuminous su r face w i t h h igh c r o w n 
p r e v a i l i n g i n many sect ions. 

The greates t d i f f e r e n c e between the 
two rou tes , i n so fa r as c o m m e r c i a l - v e 
h ic le opera t ion i s concerned, i s the 
grad ien t . M a x i m u m grades as high 
as 12 percent are encountered on U . S. 
30 i n the mountainous area and c o n t i n 
uous c l i m b s f o r s e v e r a l m i l e s ave rag 
ing f r o m 6 to 8 pe rcen t a re c o m m o n . 
The d i f f e r e n c e in g rad ien t i s v i v i d l y 
demons t ra ted by a c o m p a r i s o n of the 
t o t a l r i s e and f a l l f o r the two routes 
wh ich have about the same t e r m i n a l e l 
evat ions . The t o t a l r i s e and f a l l i s 
26,257 f t . f o r U . S . 30 and U . S . 11, 
and 11,327 f t . f o r the Pennsylvania 
T u r n p i k e . P r o f i l e s and sketches of the 
two routes a re shown on F igu re 1. I t i s 
to be no t i ced that each of the rou tes i s 
d iv ided in to test sect ions by c o n t r o l 
po in t s located at de f in i t e changes i n 
the cha rac t e r of the p r o f i l e . Con 
t r o l po in t s a re indica ted by numbers f o r 
the T u r n p i k e and l e t t e r s of the alphabet 
f o r U . S . 11 and U . S . 30. I n e f f e c t , 
there r e su l t ed 37 tes t routes instead of 
two on wh ich t i m e and f u e l data were 
observed. 

A desc r ip t i on of the tes t sect ions is 
given i n Table 1. The sect ions a re 
grouped acco rd ing to the ra te of r i s e 
and f a l l . These same groupings w i l l be 
used l a t e r i n the analyses of the data. 
The range i n the ra te of r i s e and f a l l i s 
grea t , v a r y i n g f r o m 0. 8 f o r sec t ion 15-
16 to 7.9 f o r sect ion O-P . T h i s range 
cove r s p r a c t i c a l l y eve ry conceivable 
cond i t ion of r i s e and f a l l that may occur 
in the highways of t h i s coun t ry , a c o n d i 
t i on wh ich inf luenced the se lec t ion of the 
routes . I t IS to be noted that sect ions 
E - F a n d F - G have been combined to f o r m 
sec t ion E - G . 

The r i s e expressed as a percentage 
of the t o t a l r i s e and f a l l i s l i s t e d by the 
d i r e c t i o n of t r a v e l . I t i s an impor t an t 
cons ide ra t ion in the d e r i v a t i o n of d i r 
ec t iona l gasoline consumpt ion and t r a v e l 
t i m e . I n the case of sect ion 1-16, the 



T u r n p i k e as a whole , the r i s e a p p r o x i 
mates the f a l l , be ing 48 percent i n the 
eastbound d i r e c t i o n and 52 percent i n 
the westbound d i r e c t i o n . On the o ther 
hand, f o r sect ion R-S, the r i s e i s 0 
percent in the eastbound d i r e c t i o n and 
100 percent i n the westbound d i r e c t i o n 
which indicates that t r a v e l on sect ion 
R-S was e i the r a l l downgrade o r a l l up 
grade. I n the l a t t e r case the ra te of 
r i s e and f a l l i s i den t i ca l w i t h the average 
grad ien t expressed i n percent . 

D E S C R I P T I O N OF T E S T V E f f l C L E S 

Considerable thought was g iven to 
the se lec t ion of veh ic l e s , f o r i t was 
upon the data obtained f o r a r e l a t i v e l y 
s m a l l number of veh ic les that the c o m 
mi t t ee hoped to base f u t u r e d e t e r m i n a 
t ions of opera t ing economy. The c h a r 
a c t e r i s t i c s of the tes t veh ic l e s chosen 
are contained m Table 2. Seven test 
veh ic les rang ing f r o m a 2 -ax le s i n g l e -
un i t t r u c k to a 7-axle t r a c t o r , s e m i 
t r a i l e r , f u l l - t r a i l e r combina t ion were 
inc luded i n the study. Gross weights 
ranged f r o m 20 ,000 lb . f o r test v e 
h i c l e No. 1 to 139, 500 l b . f o r tes t v e 
h ic l e No. 7. The range i n pounds p e r 
net horsepower was f r o m 177 to 534. 
The power developed by the engines 
v a r i e d f r o m 112 net horsepower to 276 
net horsepower , the mos t p o w e r f u l gas
ol ine engine i n a t r u c k that was a v a i l 
able c o m m e r c i a l l y . 

Each vehic le was tes ted w i t h three 
g ross weights . The l igh tes t weight was 
obtained w i t h 14, 000- lb . axle loads, the 
in t e rmed ia t e weight w i t h 1 8 , 0 0 0 - l b . axle 
loads, and the heaviest weight w i t h 
2 2 , 0 0 0 - l b . axle loads . The use of these 
axle loads was only a p r a c t i c a l means <of 
obta in ing three equal ly d i s t r i b u t e d g ross 
weights f o r each v e h i c l e . I t i s to be 
noted that w i t h the except ion of tes t v e 
h ic le No. 1 there i s an ove r l app ing of 
weights between veh ic l e s . T h i s was 
necessary i n o r d e r to insure con t inu i ty 
of r e s u l t s f r o m the lowes t to the higiiest 
g ross weight . The r e s u l t i n g g ross 
weights cove r a range inc lus ive of the 
p r a c t i c a l p o s s i b i l i t i e s of c o m m e r c i a l -
vehic le opera t ion . The axle load d i s 
t r i b u t i o n s had no pe rcep t ib le e f f ec t on 
the r e su l t s of t h i s phase of the study. 

The powered uni t s f o r test veh ic les 
Nos. 3, 4, 5, 6, and 7 were selected 

w i t h the basic r equ i r emen t that there 
should be a we igh t -power r a t i o of 400 
f o r the in t e rmed ia te g ross weight of each 
veh i c l e . A glance at the we igh t -power 
r a t i o s contained i n Table 2 w i l l show 
that i s was not poss ible exac t ly to f u l 
f i l l t h i s r e q u i r e m e n t . The p r a c t i c a l 
s ide, the a v a i l a b i l i t y of powered un i t s 
f o r the spec i f i c job , d ic ta ted the ac tual 
pounds p e r net horsepower . Tes t v e 
h ic les Nos . 1 and 2 were necessary ex 
cept ions to the r u l e of app rox ima te ly 
400 l b . p e r net horsepower , f o r i t 
was not poss ib le to obtain veh ic les w i t h 
a s m a l l enough power p lant that also 
had axles , f r a m e , and t i r e s to c a r r y 
the axle loads invo lved . Tes t vehic le 
No. 1 had about the same horsepower 
output as test veh ic le No. 3 wh ich i s 
in accordance w i t h present p r a c t i c e . 
Tes t veh ic le No. 2 had the power ou t 
put that I S n o r m a l l y ava i lab le i n a 3 -
axle s i ng l e -un i t t r u c k that i s r a t ed to 
c a r r y the g ross weights under i n v e s t i 
gat ion. The end r e su l t , w i t h respect 
to the we igh t -power r a t i o , was a range 
that inc ludes most of the we igh t -power 
r a t i o s of c o m m e r c i a l veh ic les n o r m a l l y 
opera t ing over the h ighways . 

The r e q u i r e m e n t of 400 l b . p e r net 
horsepower f o r the in t e rmed ia t e weight 
i s not to be cons t rued as an endorsement 
by the c o m m i t t e e of a i f i i n i m u m p e r f o r 
mance r e q u i r e m e n t of 400 l b . pe r 
net horsepower . The c o m m i t t e e adopted 
i t as a y a r d s t i c k f o r the se lec t ion of 
veh ic l e s , because i t i s f a i r l y r e p r e s e n 
ta t ive of the r a t i o between the m a n u 
f a c t u r e r s ' g ross t r a i n - w e i g h t r a t i n g and 
the engine horsepower . 

The gear r a t i o s f o r the t r a n s m i s s i o n s 
and r e a r axles were recommended by 
the m a n u f a c t u r e r f o r opera t ion over the 
two con t r a s t i ng rou tes . I f opera t ion had 
been l i m i t e d to e i t h e r rou te , undoubted
l y d i f f e r e n t gear r a t i o s wou ld have been 
p r o v i d e d . Each m a n u f a c t u r e r was f u r 
nished the p r o f i l e s of each rou te , the 
m a x i m u m grades to be encountered, the 
lega l top speeds f o r each rou te , and the 
condi t ions of the tests to ass is t i n the 
se lec t ion of p r o p e r gear r a t i o s . 

D E S C R I P T I O N OF T E S T PROCEDURES 

A mo t ion p i c t u r e dep ic t ing the p r o 
cedures of test was p r epa red by the 



Bureau of Publ ic Roads and was shown 
at the 1948 meet ing of the Highway Re
search Board as pa r t of a p r o g r e s s 
r epo r t . Since that t i m e i t has been shown 
f r e q u e n t l y to in te res ted audiences 
throughout the coun t ry . F o r that reason 
test p rocedures w i l l not be de ta i led i n 
th is r e p o r t . However , a resume of the 
p rocedures w i t h spec ia l emphasis on 
those i t ems that cou ld have a d i r e c t 
bear ing on the f i n a l r e su l t s w i l l be 
g iven . 

Each vehic le made three round t r i p s 
on each test route w i t h each gross 
weight . I n one instance, a f t e r a m a j o r 
chfinge had been made m the vehic le 
that migh t have had some e f f ec t on i t s 
p e r f o r m a n c e , add i t iona l t r i p s were 
made. The gasoline consumpt ion o r 
t r a v e l t i m e used i n the analyses f o r 
any tes t sec t ion i s thus the average 
of the data r eco rded f o r three round 
t r i p s over the sec t ion . 

The tes ts were conducted i n three 
s e r i e s : 

Series I - Tes t veh ic le Nos. 1, 
2, and 7. 

Series n - Tes t veh ic le Nos. 1, 
4, and 6. 

Series H I - Tes t veh ic le Nos. 1, 
3, and 5. 

I t was not f eas ib le to test a l l the v e 
h i c l e s at one t i m e because of the lack 
of s u f f i c i e n t t r a i n e d pe r sonne l , the l a rge 
quant i ty of tes t weights r e q u i r e d , and 
the i n a b i l i t y to exerc i se the p r o p e r c o n 
t r o l over seven veh ic les runn ing at one 
t i m e . To gain some measure of the e f 
f e c t of changing weather condi t ions d u r 
ing the p e r i o d of test , p a r t i c u l a r l y t e m 
p e r a t u r e , tes t vehic le No. 1 operated 
w i t h i t s i n t e rmed ia te weight as a c o n 
t r o l veh ic le a f t e r the f i r s t s e r i e s of 
tes ts . 

Tes t s were r u n on an a round- the -
c lock basis s t a r t i n g at 8:00 a. m . on 
Monday m o r n i n g and cont inu ing u n t i l 
e a r l y Saturday m o r n i n g . Mos t of Sat
urday was r e se rved f o r s e r v i c i n g v e 
h ic l e s and changing the loads . The 
f i r s t t r i p was s t a r t ed on July 19, 1948, 
and the l a s t t r i p was comple ted on Oc
tober 7, 1948. The .da ta obtained a re 
representa t ive of day and night ope ra 
t i o n and of the v a r i e t y of weather and 
t r a f f i c condi t ions that p r e v a i l e d d u r i n g 
the s u m m e r and autumn months . The 

tes ts cont inued r ega rd le s s of weather 
condi t ions . 

An obse rve r rode i n the test veh ic le 
and r eco rded the f o l l o w i n g i n f o r m a t i o n 
as he passed the c o n t r o l points wh ich 
a re shown on F i g u r e 1. 

1. T i m e of day, 
2. Fue l me te r reading , 
3. T e m p e r a t u r e of m e t e r e d f u e l , 
4 . Weather and i t s probable e f 

f e c t on test , 
5. Accumula ted gear s h i f t s and 

brake appl ica t ions , 
6. Accumula ted engine r e v o l u 

t ions f o r tes t veh ic les Nos. 2 and 6, 
7. Odometer read ing . 

A l s o r eco rded were the delays w i t h the 
reason and loca t ion , the quant i ty and 
t empera tu re of gasol ine added to the 
tanks en route o r at the end of the r u n , 
and the spot speeds of the veh ic le at 
selected po in t s a long the rou te . 

The t i m e of pass ing each c o n t r o l 
point was r ead f r o m a watch to the 
nearest minu te . Each of the o b s e r v e r s ' 
watches was p e r i o d i c a l l y checked to de 
t e r m i n e that i t d i d not gain o r lose m o r e 
than 2 minu tes i n a complete t r i p . A l l 
de lays f o r such i t e m s as ea t ing , r e 
f u e l i n g , r e s t s , and t i r e and mechanica l 
f a i l u r e s were r eco rded and l a t e r sub
t r a c t e d f r o m the t r a v e l t i m e observed 
f o r the sec t ion i n wh ich the delay oc 
c u r r e d . 

The f u e l consumpt ion was d e t e r m i n 
ed w i t h a pos i t ive d isp lacement f u e l 
meter that measured the vo lume of gas
ol ine used to the nearest 0. 05 of a g a l 
l o n . The f u e l m e t e r s were c a l i b r a t e d 
i n the l a b o r a t o r y and were found to v a r y 
w i t h i n 2 pe rcen t of the t r u e vo lume pass
ing th rough the me te r . However , t h i s 
accuracy was not exper ienced i n the 
ac tua l t e s t ing , f o r the v a r i a t i o n be
tween the gasoline consumed f o r a c o m 
plete t r i p as indica ted by the f u e l m e t e r 
and the quant i ty me te r ed in to the tank 
at r e f u e l i n g poin ts was f r o m -5 to +5 
percent . The f i e l d c a l i b r a t i o n r a t h e r 
than the l a b o r a t o r y c a l i b r a t i o n was used 
to ad jus t the gasoline observed f o r the 
in t e rmed ia te tes t sect ions . 

I n p lann ing the tes ts i t had been 
hoped to measure gasoline consumpt ion 
f o r sho r t sect ions of highway, obta in ing 
a read ing at each break i n grade. T h i s 
was not poss ib le , s ince accurate f u e l -



m e t e r s that measured to at least the 
nearest 0. 01 of a ga l lon were not a v a i l 
able. Because of the i n a b i l i t y to obta in 
m o r e p rec i se m e t e r s , the c o n t r o l poin ts 
had to be spread over a g rea t e r dis tance. 

The t empe ra tu r e of the gasol ine m e t 
e red th rough the f u e l m e t e r o r in to the 
tanks was r eco rded , so that i t would be 
poss ib le to c o r r e c t the vo lume of m e t 
e r e d f u e l to the s tandard condi t ion of 
60 F . , i f that we re found to be des i r ab l e . 
A quant i ty of gasol ine w i l l change 0. 0006 
of i t s vo lume at 60 F . pe r degree of 
t empera tu re change. 

As p r e v i o u s l y expla ined i n the i n t r o 
duct ion of t h i s r e p o r t , the i n f o r m a t i o n 
observed on gear s h i f t s , b rake app l i ca 
t ions , and engine r evo lu t ions w i l l be 
used to help re la te maintenance costs , 
to be de t e rmined by another study, to 
the ra te of r i s e and f a l l . I t w i l l be the 
subject of a f u t u r e r e p o r t . The analyses 
of the se data w i l l f o l l o w the same p r o c e d 
ure developed f o r t r a v e l t i m e and gaso
l ine consumpt ion . 

Severa l of the i t e m s were r eco rded 
so le ly f o r c o n t r o l purposes . The odo
m e t e r read ing was observed to have a 
check on the obse rve r as to whether he 
r eco rded data at the p r o p e r po in t . I n 
f o r m a t i o n on the weather helped to ex 
p l a i n apparent d i sc repanc ies i n the data 
f o r spec i f i c test sect ions. The spot 
speeds of the tes t veh ic les were r e c o r d 
ed by the obse rve r s and those of n o r m a l 
t r a f f i c we re obtained w i t h automat ic 
speed r e c o r d e r s so that the speeds 
main ta ined by the d r i v e r s of the test 
veh ic les cou ld be compared w i t h those 
of the n o r m a l t r a f f i c on v a r i o u s p e r 
centages of grade at the same loca t ions . 

TESTS C A R E F U L L Y C O N T R O L L E D 

E v e r y poss ib le means was employed 
d u r i n g the tests to obtain the best pos 
s ible p e r f o r m a n c e us ing opera t ing p r o 
cedures that approx imated n o r m a l c o m 
m e r c i a l - v e h i c l e opera t ion . I t was not 
feas ib le to invest igate i n d e t a i l the e f 
f e c t of some of the r e l a t ed f a c t o r s , such 
as grade of gasol ine, seasonal changes, 
vehic le cond i t ion , d r i v e r behavior , and 
t r a f f i c vo lumes , on the f u e l and t i m e c o n 
sumpt ion . However , cons iderable e f 
f o r t was exe rc i sed tokeep these f a c t o r s 
constant throughout the p e r i o d of the 

tes ts and, where t h i s was not poss ib le , 
to evaluate t h e i r p robab le e f f e c t on the 
f i n a l r e s u l t s . 

The gasoline used i n the test veh ic les 
was " r e g u l a r " grade since most ope ra 
t o r s use that q u a l i t y . A l s o , i t was f u r 
nished by one supp l i e r . T o de t e rmine 
whether the qua l i t y v a r i e d d u r i n g the 
p e r i o d of tes ts , tes t samples were t a k 
en of each tank load d e l i v e r e d to the 
t e r m i n a l s and of the gasol ine added at 
an in t e rmed ia t e po in t . Re fue l ing en 
route was not necessary on the T u r n 
p ike , and i t was a lways done at the same 
s ta t ion when necessary on U . S. 11 and 
U . S. 30. These samples were sent to 
the Na t iona l Bureau of Standards f o r 
test . The r e s u l t s a re contained i n Table 
3. I t IS v e r y evident that the qua l i ty of 
the gasoline r ema ined constant t h r o u g h 
out the p e r i o d of study. The A . S. T . M . 
octane number 78 i s s l i g h t l y h igher than 
the average f o r r e g u l a r grade gasol ines 
now being produced . 

I t wou ld have been des i rab le f r o m the 
standpoint of the poss ible e f f e c t of sea
sonal changes on p e r f o r m a n c e to test 
a l l seven test veh ic les d u r i n g the same 
p e r i o d . Since th i s was not f ea s ib l e , 
test veh ic le No. 1 was r u n cont inuously 
d u r i n g each se r i e s of tes ts to de te rmine 
i f there was any apprec iable change i n 
p e r f o r m a n c e that cou ld be charged to 
changes i n weather condi t ions between 
m i d - J u l y and the f i r s t p a r t of October . 
The f u e l and t i m e consumpt ion o b s e r v 
ed f o r tes t veh ic le No. 1, ope ra t ing 
w i t h i t s i n t e rmed ia te load of 24,000 
l b . d u r i n g the s e r i e s I , I I , and H I 
tes ts , v a r i e d l i t t l e f r o m the f i r s t to the 
las t t r i p . The average gasoline and 
t r a v e l t i m e f o r th ree round t r i p s 
of test veh ic l e No. 1 d u r i n g se r i e s I 
and ni tes ts a re in Tab le A . 

Since there i s so l i t t l e d i f f e r e n c e i n 
the r e su l t s f o r the two se r i e s of tes ts . 
It i s concluded that seasonal changes 
d u r i n g the test p e r i o d d i d not a p p r e c i 
ably a f f e c t the f i n a l r e s u l t s . 

Each test vehic le was a 1948 mode l 
and was main ta ined in exce l len t c o n d i 
t i on throughout the tes ts by mechanics 
f u r n i s h e d by the m a n u f a c t u r e r s . I t was 
thoroughly " b r o k e n i n " p r i o r to the 
s t a r t of the s e r i e s of tes ts . Prevent ive 
maintenance be fo re each t r i p was s t r i c t 
l y en fo rced and veh ic les were comple t e -



Table A. 

Route 
Gasoline - Gal lons 
Series I Series I I I 

T u r n p i k e 22. 8 22.3 

U . S . 11 and U . S . 30 29 .7 2 9 . 0 

T i m e - Hour s 
Series I Series H I 

3.37 

5.25 

3.25 

5. 20 

l y s e r v i c e d at the end of each week, 
a f t e r app rox ima te ly 2 ,000 m i l e s of 
d r i v i n g . The d r i v e r s r e p o r t e d any 
mechanica l defect at the end of each 
t r i p and, i f s e r ious , i t was f i x e d on 
the spot. The p e r f o r m a n c e of the 
tes t veh ic l e s i n t e r m s of f u e l and t i m e 
as r e l a t ed to veh ic le cond i t ion r e p r e 
sent the o p t i m u m in presentday ope ra 
t i o n . 

The d r i v e r s w e r e a l l s k i l l e d p r o 
f e s s i o n a l d r i v e r s suppl ied by p r i v a t e 
t r u c k i n g companies . T w o West Coast 
d r i v e r s were obtained to d r i v e test 
veh ic les Nos . 7 and 6 i n s e r i e s I and 
n. They a l t e rna ted on each of these 
veh ic l e s . F o u r d r i v e r s f r o m the 
M i d d l e West and East Coast operated 
the o ther veh ic les i n s e r i e s I and I I , 
and s ix d r i v e r s f r o m the M i d d l e West 
and East Coast operated the test v e h i 
c l e s i n se r i e s H I . W i t h the except ion 
of the West Coast d r i v e r s , the d r i v e r s 
were ro ta ted f r o m one veh ic le to an 
other to m i n i m i z e the d r i v e r e lement . 
Each d r i v e r was thoroughly f a m i l i a r 
i zed w i t h the tes t routes p r i o r to the 
tes t runs and was i n s t ruc t e d to operate 
the veh ic le at a l l t i m e s i n keeping w i t h 
the speed l i m i t s i n e f f e c t on the tes t 
routes and under f u l l c o n t r o l on down
grades . 

The genera l speed l i m i t s i n e f f ec t 
f o r veh ic les co r r e spond ing to test v e h i 
c l e s were 50 mph on the T u r n p i k e and 
3 0 m p h o n U . S. l l a n d U . S. 30, The re 
has been some c r i t i c i s m that by adher 
ing to those l i m i t s the p e r f o r m a n c e was 
biased on the l ow s ide . Ac tua l l y t h i s 
was not the case, f o r the behavior of 
the tes t d r i v e r s compared c lose ly w i t h 
that of the r e g u l a r c o m m e r c i a l d r i v e r 
us ing the same rou tes . T h i s i s c l e a r l y 
indica ted by the c o m p a r i s o n made i n 
Table 4 between average spot speeds 
obtained f o r the test veh ic les and f o r 

n o r m a l c o m m e r c i a l t r a f f i c at the same 
loca t ions . The speeds observed f o r 
vehic les opera t ing down a 3-percent 
grade on the T u r n p i k e a re more i n d i c a 
t ive of the d r i v e r ' s d e s i r e , since weigh t , 
power , and grade are not the l i m i t i n g 
f a c t o r s . The average speed of 54 m i l e s 
per hour f o r the t e s t v e h i c l e s d o w n a 3-
percent grade compares c lose ly w i t h 
that observed f o r n o r m a l c o m m e r c i a l 
t r a f f i c on the same downgrade. On the 
l e v e l , both f o r the T u r n p i k e and U . S. 
30, the tes t veh ic les averaged f r o m 4 
to 5 m i l e s p e r hour more than the n o r 
m a l t r a f f i c . The average Speed of 46 
m i l e s p e r hour on a l e v e l sect ion of 
U . S. 30 indicates how the test d r i v e r 
obeyed the speed l i m i t of 30 m i l e s per 
hour . I t can be safe ly concluded that 
the f u e l and t i m e consumpt ion observed 
are represen ta t ive of n o r m a l opera t ions 
inso fa r as d r i v e r behavior i s c o n c e r n 
ed. 

The average d a i l y t r a f f i c vo lumes on 
the tes t sect ions of the T u r n p i k e and 
U . S. 30 and U . S. 11 are tabulated i n 
Table 5. The vo lumes p r e v a i l i n g on 
the T u r n p i k e and on U . S. 30 and U . S. 
11 , except f o r sect ions A - B and S-T, 
are such that unreasonable delay o r r e 
s t r i c t i o n to the d r i v e r ' s f r e e d o m to m a n 
euver because of o ther t r a f f i c d i d not 
occur . The vo lumes shown f o r sect ions 
A - B and S-T ac tua l ly only o c c u r r e d f o r 
r e l a t i v e l y shor t lengths of each sec t ion . 
A l s o compar i sons of f u e l and t i m e c o n 
sumpt ion f o r sect ions A - B and S-T w i t h 
that f o r o ther sect ions of l e s se r t r a f f i c 
vo lume but w i t h app rox ima te ly the same 
ra te of r i s e and f a l l show that t r a f f i c 
vo lume could not have been a s i gn i f i c an t 
f a c t o r . The r e su l t s obtained over the 
two tes t routes w i l l bp representa t ive 
of opera t ion over any highway on which 
the p r a c t i c a l capaci ty i s not exceeded. 



M E T H O D S OF A N A L Y S I S 

The t empe ra tu r e of the gasoline m e 
t e r e d by the f u e l m e t e r in to t h e c a r b u r e t o r 
and by c a l i b r a t e d pumps in to the tanks 
was observed w i t h the idea of c o r r e c t 
ing the vo lumes of gasoline measured 
to a s tandard t empera tu re of 60 F . 
However , a f t e r cons ide r i ng the uses to 
be made of the r e s u l t s and the t e m p e r a 
t u r e s invo lved , i t was decided that the 
data as observed wou ld be m o r e r e p r e 
sentat ive of ac tua l opera t ions . F o r that 
reason c o r r e c t i o n s f o r t empera tu re s 
have not been made. I f a t empera tu re 
c o r r e c t i o n had been computed, the gas
ol ine consumpt ion shown m th i s r e p o r t 
wou ld be reduced on the average about 
2 percent . 

The gasoline consumpt ion i n gal lons 
and the t r a v e l t i m e i n minutes were 
observed f o r each d i r e c t i o n of 37 h i g h 
way sect ions and f o r 21 g ross veh ic le 
weights . * The p r o b l e m was how to r e 
late i n a p r a c t i c a l manner the f u e l c o n 
sumpt ion o r t r a v e l t i m e w i t h the weights 
andpowers of the seven tes t veh ic les and 
the v a r i o u s highway p r o f i l e s as r e p r e 
sented by 37 sect ions of d i f f e r e n t lengths, 
each of w h i c h was composed of s eve ra l 
d i f f e r e n t grades . 

The f i r s t step i n the ana lys i s was to 
conve r t the gasoline consumpt ion i n g a l 
lons to gal lons p e r m i l e f o r each sect ion 
and the t r a v e l t i m e m minutes to m i n 
utes p e r m i l e . T h i s was done on a c o m 
posi te bas is and on a d i r e c t i o n a l bas is . 
The next step was to f i n d a measure f o r 
the grade c h a r a c t e r i s t i c s of each sect ion. 
I t was soon found that the only poss ib le 
measure , since f u e l and t i m e were not 
observed on i n d i v i d u a l grades , was the 
ra te of t o t a l r i s e and f a l l . Each sect ion 
was then r a t e d i n t e r m s of the t o t a l r i s e 
and f a l l i n f ee t p e r 100 f t . of length. 
The sect ions i n o r d e r of the magnitude 
of the ra te of t o t a l r i s e and f a l l a re l i s t 
ed i n Tab le 1. 

Gasoline consumpt ion f o r a p a r t i c u l a r 
sect ion was d i scovered to be d e f i n i t e l y 
r e l a t ed to the g ross veh ic le weight , and 
t r a v e l t i m e to be d e f i n i t e l y r e l a t ed to the 
we igh t -power r a t i o . T h e r e was abso
lu te ly no r e l a t i o n between gasoline c o n -

'Average basic data for each test vehicle 
are tabulated In Appendices A to G. 

sumpt ion and the we igh t -power r a t i o o r 
between t r a v e l t i m e and the g ros s v e h i 
c le weight . The f a c t that gasoline c o n 
sumpt ion was r e l a t i v e to g ross veh ic le 
weight substantiates the f i nd ings of the 
Oregon State Highway C o m m i s s i o n r e 
po r t ed m t h e i r Highway Depar tmen t 
T e c h n i c a l B u l l e t i n No. 5, 1937. The 
v a r i a t i o n of t i m e w i t h the we igh t -power 
r a t i o was expected s ince the speed of a 
m o t o r veh ic le i n minu tes pe r m i l e i s 
d i r e c t l y p r o p o r t i o n a l to the r a t i o of 
weight to engine horsepower . 

A f t e r p l o t t i n g the compos i te f u e l c o n 
sumpt ion against g ro s s veh ic le weight 
and composi te t r a v e l t i m e against pounds 
pe r net horsepower f o r each of the 37 
sect ions , i t became evident that r e s u l t s 
f o r sect ions w i t h the same ra te of r i s e 
and f a l l were p r a c t i c a l l y iden t i caL T h i s 
was t r u e regard less of pavement s u r 
face type , a l ignment , o r length. T h i s 
I S c l e a r l y shown f o r the compos i te gas
ol ine consumpt ion by F i g u r e s 2 and 3, 
and f o r the composi te t r a v e l t i m e by 
F i g u r e s 4 and 5. 

I n F i g u r e 2 the compos i te ra tes of 
gasoline consumpt ion obtained f o r sec
t ions 1-16 and T - U , both w i t h a r a t e of 
r i s e a n d f a l l o f 1.4, a re compared . Sec
t i o n 1-16 i s a 148.7 m i l e sect ion of the 
Pennsylvania T u r n p i k e , and sec t ion 
T - U I S a 14. 8 - m i l e sec t ion of U . S. 11 . 
The same type of c o m p a r i s o n i s made i n 
F igu re 3 f o r sect ions 7-8 and I - J , wh ich 
have a c o m m o n ra te of r i s e and f a l l of 
2 . 5 . Section 7-8 i s a 6. 8 - m i l e c o n t i n 
uous grade on the east slope of Al legheny 
M t . on the T u r n p i k e , whereas sec t ion I - J 
i s a 27. 0 - m i l e sect ion of U . S. 30 that 
IS modera te ly r o l l i n g w i t h a v a r i e t y of 
grades r ang ing f r o m 0 to 6 percent . 
S i m i l a r compar i sons of t r a v e l t i m e a re 
shown i n F i g u r e s 4 and 5 f o r the same 
sect ions. 

I t i s to be noted that the re i s a c u r 
v i l i n e a r r e l a t i o n between gasoline c o n 
sumpt ion and g ross veh ic le weight and 
a s t r a i g h t - l i n e r e l a t i o n between t r a v e l 
t i m e and the we igh t -power r a t i o . The 
method of least squares was used to 
f i t a v a r i e t y of genera l equations to the 
basic data f o r i n d i v i d u a l sec t ions . The 
f o l l o w i n g genera l equations were found 
to s a t i s f y best the observed data: 

1. Gasoline consumpt ion 
g. p . m . = aWb 



Where g. p . m . = gal lons pe r 
m i l e , and W = gross veh ic le weight i n 
thousands Of pounds. 

2. T r a v e l t i m e 
m . p . m . = a + b R 
Where m . p . m . = minu tes p e r 

m i l e , and R = we igh t -power r a t i o i n 
pounds p e r net horsepower . 

The method of least squares and the 
above genera l equations were used 
throughout the ana lys i s to es tab l i sh r e 
la t ions f o r compos i te and d i r e c t i o n a l 
gasoline consumpt ion and t r a v e l t i m e . 

COMPOSITE G A S O U N E CONSUMPTION 

The compos i te gasoline consumpt ion 
i n ga l lons p e r m i l e was de t e rmined f o r 
a p a r t i c u l a r sec t ion by d i v i d i n g the t o t a l 
of the gasolme used i n both d i r e c t i o n s 
by tw ice the length of the sect ion i n 
m i l e s . A c o m p a r i s o n of the composi te 
gasoline consumpt ion p lo t t ed against 
g ross weight f o r each of 37 sect ions 
indica ted that the data f o r sect ions w i t h 
about the same ra te of r i s e and f a l l 
cou ld be averaged together to s i m p l i f y 
the analyses. The sect ions n a t u r a l l y 
f e l l i n to the seven groups shown i n Table 
1. The groups cons i s t of 13, 7, 2, 2, 
5, 4 , and 3 sect ions w i t h average ra tes 
of r i s e and f a l l of 1.3, 2 . 3 , 3. 2, 4. 0, 
5 .0 , 6. 4, and 7 . 4 , r e spec t ive ly . 

Tab le 6 shows the composi te gaso
l ine consumpt ion f o r the 13 sect ions 
w i t h an average ra te of r i s e and f a l l of 
1.3 f o r each of the 21 g ross weights . 
A s i m i l a r tabula t ion was made f o r each 
group of sect ions . The average values 
of gasol ine consumpt ion shown i n Table 
6 were p lo t t ed against g ross weight i n 
F i g u r e 6. The cu rve shown was f i t t e d 
to the average data by the method of 
least squares . F o r each group of sec
t ions the cu rves f i t t e d the average data 
w i t h a h igh degree of accuracy up to a 
g ross weight of 90 ,000 l b . Above that 
weight there was a g rea t e r d i s p e r s i o n 
but a de f in i t e cont inuat ion of the t r e n d . 

The r e l a t i ons d e r i v e d f o r the a v e r 
age ra tes of r i s e and f a l l f o r each of 
the seven groups of sect ions a re shown 
i n F i g u r e 7. The equations d e r i v e d f o r 
each cu rve are i n Table B . 

The values of gasoline consumpt ion , 
de t e rmined f r o m these equations, a re 

shown in F i g u r e 8 m a f o r m that p e r m i t s 
a p r a c t i c a l app l ica t ion of the r e su l t s . 
I n F igu re 8 gasoline consumpt ion i s r e 
la ted to the ra te of r i s e and f a l l f o r 14 
g ross veh ic le weights r ang ing f r o m 
10,000 l b . to 140,000 l b . The f a m 
i l y of cu rves on F i g u r e 8 i s the f i n a l 
answer f o r composi te gasol ine consump
t i o n . I f the t o t a l r i s e and f a l l i n a h i g h 
way sec t ion and the g ross veh ic le weight 
o r weights a re known, i t i s v e r y s i mp l e 
to de t e rmine the gasol ine consumpt ion . 
The t o t a l r i s e and f a l l can be obtained 
f r o m the cons t ruc t i on p r o f i l e , o r i t can 
eas i ly be obtained on the ground w i t h 
an a l t i m e t e r . Examples of how the data 
i n F igu re 8 can be appl ied to the eco
nomics of highway grade and veh ic le 
opera t ion w i l l be presen ted l a t e r in the 
r e p o r t . The s ign i f i c an t f ea tu re of these 
r e su l t s and the r e s u l t s to f o l l o w i s that 
they can be appl ied to a sect ion of h i g h 
way i n any p a r t of the coun t ry . 

D I R E C T I O N A L GASOLINE 
CONSUMPTION 

The compos i te gasol ine consumpt ion 
shown by F i g u r e 8 w i l l he lp so lve many 
p r o b l e m s w h i c h c o n f r o n t the t r a n s p o r t a 
t i o n economis t . However , t h e i r use i s 
l i m i t e d t o p r o b l e m s where c o m m e r c i a l 
veh ic l e s have the same weight c h a r a c 
t e r i s t i c s i n each d i r e c t i o n of t r a v e l over 
a sect ion, o r cons ide r ing i n d i v i d u a l v e 
h ic l e s where the same weight i s hauled 
i n each d i r e c t i o n . T h i s i s not a lways 
the case f o r some highway sect ions . 
F o r instance, on access roads to heavy 
indus t ry o r m i n i n g opera t ions , veh ic les 
on the average are o f t en loaded heavier 
i n one d i r e c t i o n than i n the o the r . A l s o , 
when cons ide r ing a g iven ve h i c l e , the 
veh ic le may be loaded i n one d i r e c t i o n 
and empty i n the o ther . When such u n 
equal condi t ions of weight ex i s t , the 
composi te gasoline consumpt ion cannot 
be used. I t i s i m p o r t a n t to r e m e m b e r 
that the composi te consumpt ion i s the 
average ra t e of consumpt ion f o r a round 
t r i p over a sec t ion w i t h a g iven gross 
veh ic le weight . 

The development of gasoline c o n 
sumpt ion on a d i r e c t i o n a l basis was a 
compl i ca t ed p r o b l e m to say the least . 
I t was d i f f i c u l t because gasoline and 
t i m e were only measured f o r r e l a t i v e -
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Table B. 

Rate of 
rise and f a l l 

m . 
m. 
m. 
m. 
m. 
m. 
m. 

Equation^ 

= .0208 W 
= .0156 W 
= .0162 W 
= .0162 W 
= .0144 W 
= .0177 W 
= .199 W 

,618 
,736 
,775 
,793 
,881 
,907 

1916 

^These equations and those that subsequently wil l be shown for travel 
time have been developed to satisfy best the observed data within the 
range of the weight and power characteristics of the test vehicles. The 
equations listed in this report should not be applied to gross weights of 
less than 10, 000 lb. and more than 140,000 lb. and to weight-power 
ratios of less than 100 and more than 600. They are not intended to 
indicate a precise relation between the factors involved, and there pro
bably is no precise relation because of the multitude of conditions that 
may effect gasol^e consumption and travel time. 

ly long sections of highway composed 
generally of a number of up and down
grades of varying steepness. I t was 
f inal ly seen that there was a definite 
relation between directional gasoline 
consumption and the rate of rise and 
f a l l , gross vehicle weight, and the rise 
in the direction of travel expressed as 
a percentage of the total rise and f a l l . 
The f i r s t step in the analysis was the 
distribution of the sections by directions 
of travel into groups in accordance with 
the percentage that the rise was of the 
total rise and f a l l . 

The groupings of test sections used 
in the analysis of directional gasoline 
consumption are shown in Table 7. 
There are eleven percentage groups 
ranging f r o m those sections on which 
the rise in the direction of t ravel is 95 
to 100 percent of the total rise and f a l l 
to those on which the rise in the direc
tion of travel is 0 to 4 percent of the 
total rise and f a l l . The two above-men
tioned groups contain the same sections, 
for i f a section is 100-percent rise in 
one direction, i t w i l l be 0-percent rise 
in the opposite direction. Similarly, 
sections in the 75 to 84 percent group 
w i l l also be in the 15 to 24 percent 
group. A section of 100-percent rise 
would be an ascending grade fo r Us en
t i re length while one of 0-percent rise 

would be.a descending grade fo r its en
t i re length. On the other hand, a sec
tion of 50-percent-rise would contain 
at least one upgrade and one downgrade 
in the direction of t ravel . I t could also 
be composed of any number of ascending 
and - descending grades so long as the 
rise was equal to the f a l l . For instance, 
section 1-16, the Pennsylvania Turn 
pike, IS 52-percent rise westbound and 
48-percent rise eastbound. Both di rec
tions of travel are thus m the 45 to 54 
percent group. 

The directional gasoline consumption 
fo r those sections that have a rise of 
95 to 100 percent of the total rise and 
f a l l IS summarized in Table 8. An 
average rate of consumption is deter
mined f o r average rates of rise and 
f a l l of 2.2, 5. 0, 6.4, and 7.4. Simi
lar tabulations were made fo r each of 
the eleven groups. The method of 
least squares was used to f i t the gen
eral equation fo r gasoline consumption 
to the average values f o r each rate of 
rise and f a l l . The results for the aver
age values contained in Table 8 are 
shown by Figure 9. 

After s imilar relations had been de
rived fo r each of the eleven groups, a 
graph s imilar to that shown in Figure 
10 was developed for each of 14 gross 
vehicle weights ranging f r o m 10,000 
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lb. to 140,000 lb. Figure 10, used 
as an example, is for the 40,000-lb. 
weight, and shows the directional gas
oline consumption related to the rate of 
rise and f a l l for each of the eleven per
centage groups. The family of curves 
for each weight was developed by using 
the data illustrated by Figure 9. For ex
ample, f r o m Figure 9, the directional 
gasoline consumption fo r 40,000 lb. is 
.38, .69, .92, and 1,10 gallons per 
mile for rates of rise and f a l l of 2. 2, 
5.0, 6.4, ahd 7.4 respectively. These 
values were plotted on Figure 10 and a 
smooth curve was drawn through the 
four points. The resulting curve is 
the one labeled 95 to 100 percent. The 
same procedure was followed to develop 
the curves fo r the other percentage 
groups. 

On Figure 10, it w i l l be noticed that 
a l l the curves converge to a point for a 
rate of rise and f a l l of zero which re
presents a level section. The point to 
which they converge is equivalent to the 
composite gasoline consumption i n c i -
cated on Figure 8 fo r a weight of 40,000 
lb. and a rate of rise and f a l l of zero. 
The directional consumption must be 
equal to the composite consumption fo r 
operation on the level. The solid lines 
on Figure 10 are based on observed 
data. Except fo r the 0 to 4 percent 
curve and the 95 to 100 percent curve, 
data were available only f o r rates of 
rise and f a l l less than 5. The dashed 
lines indicate an estimated projection 
of the curves beyond the l imi t s of the 
data. 

A very significant discovery was that 
the curve f o r the 45 to 54 percent group 
was always practically identical with the 
composite curve fo r the same weight. 
In other words, the curve f o r the 45 to 
54 percent group on Figure 10 is iden
tical with the composite curve fo r 40,000 
lb. shown on Figure 8. I t was also 
important that i t was almost the exact 
average of the gasoline consumption fo r 
the 95 to 100 percent and 0 to 4 percent 
group f o r any given rate of rise and 
f a l l . This definitely proved that a con
sistent relation existed between direc
tional gasoline consumption and the rise 
in percentage of the total rise and f a l l . 
I t meant that there was a straight-line 
relation between gasoline consumption 

and rise in percentage of the total rise 
and f a l l f o r a given rate of rise and f a l l . 
This made i t easy to adjust the inter
mediate curves when there were i r regu
lari t ies in the observed data, to inter
polate curves fo r the 65 to 74 and 25 to 
34 percent groups, and to project the 
curves beyond the l imi t s of the observed 
data. 

The f ina l products of the analyses of 
directionalgasolineconsumptiomare rep
resented by Figures 11 to 20, inclusive. 
They show the relation between direc
tional gasoline consumption, rate of 
•rise and f a l l , and gross vehicle weight 
fo r each percentage group, excepting 
the 45 to 54 percent group. The compos
ite consul .ption shown in Figure 8 is to 
be used fo r this group. The 14 charts, 
s imilar to Figure 10, fo r each gross 
vehicle weight have been transformed 
into eleven charts. Instead of 14 charts 
with 11 curves, a curve fo r each per
centage group, there are now 11 charts 
with 14 curves, a curve fo r each gross 
vehicle weight. For an i l lustration of 
how the transformation was made, the 
curve fo r the 95 to 100percent group on 
Figure 10 is the same as the 40,000-lb. 
curve on Figure 11. 

The directional gasoline consumption 
fo r each gross vehicle weight increases 
in most instances with an increase in the 
rate of rise and f a l l . Exceptions are 
when the rise in the direction of t ravel 
is a small percentage of the total rise 
and f a l l , in other words, when the oper
ation IS essentially downgrade. The 
curves in Figures 19 and 20 demonstrate 
the exceptions. When the r ise is 5 to 
14 percent of the total rise and f a l l . 
Figure 19, the curves indicate a decreas-
mg gasoline consumption f o r rates of 
rise and f a l l f r o m 0 to about 3. For 
rates of r ise and f a l l greater than about 
3, the gasoline consumption increases 
with the rate of rise and f a l l . The same 
condition that is evident on Figure 19 is 
present to a lesser degree on Figures 
17 and 18. When the t ravel is entirely 
downgrade as evidenced in Figure 20, 
the gasoline consumption decreases fo r 
rates of r ise and f a l l f r o m 0 to about 4, 
and then remains practically constant. 
The dips in these curves appear as a cu
rious phenomena, but actually result 
f r o m a combination of road and vehicle 
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characteristics. A parabolic relation gave almost exact-
The path to the f ina l result fo r d i - ly the same standard e r ro r of estimate 

rectional gasoline consumptionwas com- as the straight line relation. The lat-
plicated, but the use of the data is very ter was used because i t s implif ied the 
simple. For instance, if i t is desired analyses. 
to compute the gallons of gasoline re - The composite travel time related to 
quired fo r a vehicle to make a round the rate of rise and f a l l fo r lbs. per net 
t r i p over a section of highway under the horsepower, ranging f r o m 100 to 600 
following conditions: by increments of 50, is shown in Figure 

1. Gross vehicle weight in pounds . . . eastbound . . .80,000 
westbound. . .30,000 

2. Rate of rise and f a l l 4. 0 
3. Rise m direction of travel eastbound . . . 72% 

westbound. . . 28% 
4. Length of section 20 miles 

The directional gasoline consumption 23. This is the f ina l answer fo r com-
for the 80, 000-lb. weight is read f r o m posite t ravel time just as Figure 8 is 
Figure 14 and fo r the 30,000-lb. weight the f ina l answer f o r composite gasoline 
f r o m Figure 17. The consumption is consumption. Figures 8 and 23 are to 
. 72 and . 17 gallons per mile, respec- be remembered fo r they are required 
tively. The gasoline in gallons is then to solve problems that involve composite 
. 72 X 20 plus . 17 X 20, or 17. 8 gallons. gasoline consumption and travel t ime. 

Their application to typical problems 
COMPOSITE TRAVEL TIME w i l l be demonstrated later in the re 

port. 
The composite travel time was ana- It is interesting to note that on F ig-

lyzed in exactly the same manner as the ure 23 the curves converge to a travel 
composite gasoline consumption. The time of about 1. 2 minutes per mile fo r 
only difference is that composite t ravel a zero rate of rise and f a l l . This is 
time IS related to lb . of gross weight per equivalent to an average speed of 50 
net horsepower, whereas gasoline con- miles per hour on the level fo r any 
sumption was related to gross vehicle weight-power ratio. This compares 
weight. For i l lustrative purposes the very closely with the average spot 
composite travel time fo r the seven sec- speeds observed f o r the testvehicles on 
tions, the second group in Table 1, is the two level sections shown in Table 4. 
summarized m Table 9. The average The family of curves shown m Figure 
rate of rise and f a l l is 2. 3. The aver- 23 are represented by the equations 
ages f o r the seven sections are plotted shown in Table D. 
against lb. per net horsepower in F ig 
ure 21. The relation between travel t ime DIRECTIONAL TRAVEL TIME 
and lb . per net horsepower is a straight 
line. The straight line f i t ted the plotted The step-by-step analyses f o r d i r -
points with as high a degree of accuracy ectional travel time was exactly the same 
as any other relation. Similar relations as that f o r directional gasoline consump-
were derived f o r other groups of rate of tion. The derivation of the average 
rise and f a l l . t ravel t ime fo r those sections that have 

The average composite t ravel time a rise of 95 to 100 percent of the total 
fo r each of the seven average rates of rise and f a l l in the direction of travel 
rise and f a l l is shown related to lbs. is demonstrated in Table 10. The re -
per net horsepower in Figure 22. The suiting straight-line relations f o r the 
straight line marked 2.3 is the same averages fo r the four rates of rise and 
one that is shown on Figure 21. The f a l l are shown on Figure 24. Similar 
equations fo r each of the relations relations were developed fo r each of the 
shown in Figure 22 are in Table C. percentage groups listed in Table 7. 
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Rate of 
rise and f a l l 

1.3 
2.3 
3.2 
4.0 
5.0 
6,4 
7.4 

Equation 

m. 
m. 
m. 
m. 
m. 
m. 
m. 

m. 
m. 
m. 
m. 
m. 
m. 
m. 

. 054 + . 001IR 

. 073 + . 0025R 

. 942 + . 0042R 

. 896 + . 0051R 

. 912 + . 0074R 

. 544 + . 0128R 

.617 + .0147R 

where; m. p. m. travel time m minutes per mile, and 
weight-power ratio in pounds per net horsepower. 

Table D. 

Weight-Power Ratio Equation 

100 m. p. m. = 1.124 + . 032E + 
150 m. p. m. = 1.137 + .056E + 
200 m. p. m. = 1.131 + . 088E + 
250 m. p. m. = 1.146 + .112E 4-
300 m. p. m. = 1.139 + .143E + 
350 m. p. m. = 1,151 + . 168E + 
400 m.p. m. = 1.147 + . 198E + 
450 m.p . m. = 1.160 + .273E + 
500 m.p. m. = 1.153 + .255E -t-
550 m. p. m. = 1.164 + . 279E + 
600 m. p. m. = 1.154 + .313E + 

, 013E' 
, 0 2 3 E ' 
,033E'' 
. 043E' 
, 0 5 3 E ' 
, 063E'' 
, 0 7 3 E ' 
, 083E'' 
. 093E'' 
. 103 E " 
. 113E' 

where; m.p . m. t ravel time in minutes per mile, and 
rate of rise and f a l l in feet per 100 feet. 

The next operation was the development 
of SIX charts s imi lar to Figure 25, which 
shows the directional t ravel time re 
lated to the rate of rise and f a l l , and 
the rise in percentage of the total rise 
and f a l l fo r a weight-power ratio of 
400. A chart was prepared f o r 100, 
200, 300, 400, 500, and 600 lb. per 
net horsepower. 

The curves in Figure 25 converge to 
a t ravel time of about 1. 2 minutes per 
mile f o r a level section, a rate of rise 
and f a l l of zero. This, of course, is 
identical to that shown on Figure 23 
since directional is equal to composite 
travel time fo r level sections. Just as 
was the case fo r composite gasoline 
consumption, the curve f o r the 45 to 54 
percent group fa l l s half way between 
those f o r 0 to 4 and 95 to 100 percent 
groups. The observed data f o r the 

other groups, which contained only a 
few sections on which to base the analy
ses, were very errat ic . This was not 
the case f o r directional gasoline con
sumption, but i t was to be expected f o r 
directional travel t ime, because the 
latter IS so dependent on dr iver behavior 
on descending grades. One dr iver w i l l 
descend a long h i l l at 5 miles per hour 
and another w i l l come down at 15 miles 
per hour. The test dr ivers were no ex
ception to the rule. The curves fo r the 
groups, other than f o r the 0 to 4, 45 to 
54, and 95 to 100 percent groups which 
were based on very consistent data, 
were interpolated assuming that there 
was a straight-line relation between 
travel t ime and rise in the direction of 
travel f o r any rate of rise and f a l l . 

The data developed f o r the six weight-
power ratios, (Figure 25 is an example,) 
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were replotted so that there was a set the t ravel time should approximate that 
of results f o r each of the eleven percen- shown fo r level sections, 
tage groups. The resulting charts are 
Figures 26 to 35, inclusive. Figure 23 RESULTS CHECKED BY OTHER 
serves a dual purpose. I t is to be used STUDIES 
f o r the 45 to 54 percent group as well 
as f o r the composite travel time. These The proof of the pudding is certainly 
figures show the relation between the in the eating. For that reason a care-
directional travel t ime, the rate of rise f u l search was made to f ind results of 
and f a l l , the weight-power ratio, and other research that could be used to 
the rise in the direction of travel ex- either ver i fy or disqualify the results 
pressed in a percentage of the total rise that are reported in this paper. This 
and f a l l . investigation was not too successful 

The results indicated by Figures 26 since very l i t t le research pertaining to 
to 35, inclusive, are to be used in much commercial vehicles has been done in 
the same manner as the corresponding this particular f i e ld , 
sets of data. Figures 11 to 20, inclu- The Bureau of I>ublic Roads m co-
sive, which pertain to directional gaso- operation with the Maryland State Roads 
line consumption. For example, i t is Commission conducted a time study^ 
relatively simple to determine the time of commercial vehicles using a 21. 5-
required f o r a vehicle to make a round mile section of U. S. 40 between Fred-
t r i p on a 10-mile section of highway fo r enck and Hagerstown, Maryland, and 
the following assumed conditions: a 21.0-mile section of alternate U. S. 

1. Gross vehicle weight in pounds. . . eastbound . . . .80,000 
. . . westbound. . . .30,000 

2. Net brake horsepower. 200 
3. Weight-power ratio eastbound . . . . 400 

westbound. . . . 150 
4. Rate of rise and f a l l 3.0 
5. Rise in direction of travel eastbound . . . . 68% 

westbound. . . . 32% 

The directional travel time fo r the 
eastbound t r i p is read f r o m Figure 29 
fo r a weight-power ratio of 400, and 
fo r the westbound t r ip f r o m Figure 32 
fo r a weight-power ratio of 150. I t is 
2. 8 and 1.4 minutes per mile, respec
tively. The elapsed time is 2. 8 x 10 + 
1.4 X 10, or 42 minutes. 

The directional t ravel time shown in 
Figure 35 is in reality f o r downhill 
operations. These data have a l imited 
application because the supporting data 
were observed fo r grades that were 
greater than one mile in length. For 
downhill operation on sections less than 
one mile in length, where sight distance 
and curvature are not restr ict ive, the 
values f o r directional travel time 
shown in Figure 35 should not be used. 
The travel time f o r operation down short 
grades steeper than 3 percent should be 
slightly less than that shown fo r level 
sections, a zero rate of rise and f a l l . 
For short grades of 3 percent or less, 

40 between the same cities. The a l 
ternate route IS a complete relocation. 
For purposes of simplification the two 
routes are designated as Old U. S. 40 
and New U. S. 40. This was a unique 
study in that i t was the f i r s t known 
attempt to relate the performance of 
commercial vehicles in the t r a f f i c 
stream to their weight-power ratio and 
the rate of rise and f a l l . A comparison 
between the composite travel time ob
served on the Old and New U. S. 40 fo r 
various weight-power ratios and that 
read f r o m Figure 23 f o r the same aver
age ratios is made m Table 11. The two 
sets of composite t ravel time in min
utes per mile f o r each route compare 
closely considering the entire range of 
weight-power ratios. 

The Oregon State Highway Department 
has conducted the only known research 

'unpublished. 
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on gasoline consumption that has pro
duced results s imi lar to those discus
sed in this report. They tested five 
gasoline-powered vehicles, taken f r o m 
general service, ranging f r o m a gross 
weight of 9,180 to 44,370 lb. The 
procedure and the results of the tests 
are reported m Highway Department 
Technical Bulletin No. 5, dated 1937. 
The results therefore relate to vehicles 
manufactured p r io r to 1937, 

A comparison between the composite 
gasoline consumption determined by the 
Oregon study and this study is made 
in Table 12 fo r three rates of rise and 
f a l l . The comparison is l imited to a 
top gross weight of 60,000 lb . as that 
was the maximum extrapolation of the 
data in the Oregon study. 

The results f o r the rates of rise and 
f a l l of 3. 0 and 6.0 are in f a i r l y close 
agreement and have the same character
istic curves. The composite gasoline 
consumption read f r o m Figure 8 is less 
than the Oregon value. The two sets 
of results fo r the rate of rise and f a l l 
of zero are another matter. They have 
common values f o r 10,000 lb. but 
sharply diverge thereafter. There is 
no valid explanation fo r this wide v a r i 
ance in the two sets of values f o r the 
rate of rise and f a l l of zero. The fact 
that the Oregon results are generally 
higher would be expected, smce con
siderable improvements have been made 
in the efficiency of motor trucks during 
the past 15 years. Also, the Oregon 
results are based on relatively short 
individual grades where the results in 
Figure 8 are fo r long sections that include 
a variety of grades and vert ical curves. 

POSSIBLE USES OF RESULTS 
DEMONSTRATED 

A common problem confronting the 
highway engineer is the determination 
of the savings in vehicle operating costs 
that accrue to the operators through the 
construction of a highway on one loca
tion instead of another. Since a large 
part of the operating cost of commer
cial vehicles is composed of gasoline 
consumption and travel time, the re 
sults of this study w i l l be an important 
implement in the hands of the highway 
engineer. This is part icularly true since 
very l i t t l e data have existed f o r com

mercial vehicles. 
For an example, assume i t is plan

ned to construct either route A or route 
B. Both routes are 100 miles in length, 
but route A has a rate of rise and f a l l 
of 3. 7 whereas route B has a rate of 
rise and f a l l of 2.3. The problem is to 
determine whether the savings In vehi
cle operating costs resulting f r o m the 
reduction m rise and f a l l are sufficient 
to offset a greater construction cost. 

For this hypothetical problem i t is 
assumed that the annual average daily 
t ra f f ic over each route w i l l be 9,000, 
and that commercial t ra f f ic w i l l be 16 
percent of the annual average daily t r a f 
f i c . I t is also assumed fo r commer
cial vehicles that the gross vehicle weight 
characteristics and the weight-power 
characteristics w i l l be s imilar to those 
observed on U. S. 40 in Maryland, and 
that they w i l l be the same in each d i 
rection. The problem w i l l be considered 
here only to the extent of determining 
the savings in gasoline and time fo r the 
commercial vehicles. 

The savings in gasoline per day are 
shown in Table 13. The number of vehi
cles in each weight group are determmed 
by multiplying the percentage of the total 
vehicles in each gross weight group by 
the total number of commercial vehi
cles which is 0.16 X 9,000, or 1,440. 
The composite gasoline consumption fo r 
the average gross vehicle weight of each 
weight group, is read f r o m Figure 8 
f o r the rates of rise and f a l l of 3.7 and 
2.3 The savings in gallons per mile 
multiplied by 100 miles is the gasoline 
saved per vehicle. That value times 
the number of vehicles f o r the par t ic
ular weight group is the total gasoline 
saved by a l l vehicles in that group. A 
total of 4,295 gallons per day, or 
1,567,675 gallons per year is saved. 
At 25 cents per gallon, the savings in 
gasoline consumption f o r commercial 
vehicles are $391,919 per year, if 
route B is constructed instead of route 
A. 

Time savings are computed m much 
the same manner in Table 14. The d i f 
ference is that groups of weight-power 
ratios are used instead of groups of 
gross vehicle weights. The composite 
travel time is read f r o m Figure 23. 
The total t ime saved by the 1,440 vehi
cles IS 1,054 hours per day, or 384,710 
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hours per year. At an assumed rate of 
$2.00 per hour, the time savings are 
$769,420 per year. 

The data in Tables 13 and 14 i l l u s 
trate how the rate of gasoline consump
tion and travel t ime derived in this r e 
port can be applied to problems of high
way economics. The application is ex
tremely simple. The weight-power 
ratios f o r vehicles in the general t r a f 
f ic stream is the only variable that is 
presently not readily available. How
ever, the Bureau of Public Roads is now 
having various States conduct special 
loadometer studies which w i l l permit 
the determination of the weight-power 
ratio f o r commercial-vehicle opera
tion in various sections of the coimtry. 
When these studies are complete a l l 
the variables w i l l be readily available. 

The principal reason f o r the exist
ence of the Committee on the Economics 
of Size and Weight is to determine the 
relative economies of operating various 
types of vehicles in relation to the cost 
of providing highway faci l i t ies f o r those 
vehicles. Only two segments of the 
operating costs have been determined 
by this study. However, they are i m 
portant segments of the total cost. To 
illustrate how the data derived f r o m the 
operation of the test vehicles can be 
applied to determine the gasoline and 
time economy of any commercial vehi
cle f o r a specific highway prof i l e , Table 
15 has been prepared. 

Table 15 which is self-explanatory, 
demonstrates a method f o r computing 
factors that relate to economy of opera
tion considering the composite gasoline 
consumption and travel t ime. I t i s to be 
clearly understood that only two seg
ments of the total operating economy 
can be evaluated by the use of the com
putation f o r m in Table 15. Overall cost 
comparisons cannot be made unti l other 
important factors, such as cost of t i res , 
maintenance, depreciation, and over
head are determined. 

CONCLUSIONS 

The pr imary purpose of this report 
was to relate the gasoline consumption 
and travel time observed f o r commer
c ia l vehicles with the weight and power 
of the vehicle and with the rise and f a l l 

m the highway in such a manner that 
the results could be easily and success
fu l ly applied. The pr imary purpose 
has been accomplished through the p ro 
vision of Figure 8 fo r composite gaso
line consumption; Figures 11 to 20, i n 
clusive, f o r directional gasoline con
sumption; Figure 23 f o r composite t rav
el t ime; and Figures 26 to 35, inc lu
sive, fo r directional t ravel t ime. 

An important finding with respect 
to any h i ^ w a y section is that gasoline 
consumption and travel time vary in a 
definite manner with the rate of rise 
and f a l l , regardless of the length of 
section or the number and steepness of 
individual grades in the section. This 
simplif ies the problem, fo r i t makes i t 
possible to apply the results to entire 
sections of highways. Individual grades 
do not have to be considered separately. 
The rate of rise and f a l l is easily de
termined f r o m prof i le maps or by the use 
of an altimeter. 

Other findings of equal importance are 
that the gasoline consumption is defm-
itely related to the gross weight and the 
travel t ime to the weight-power ratio. 
Although the position of weight-power 
ratios in the normal commercial t r a f f i c 
is not presently defined f o r many sections 
of the country, special loadometer sur
veys sponsored by the Bureau of Public 
Roads should produce the necessary 
data. I t is to be remembered when using 
the rates of t ravel t ime presented in 
this report that the weight-power ratio 
is expressed in lb . per net horsepower 
and not lb. per gross horsepower. 

A most significant fact is that the 
results can be currently applied to pav
ed highways and gasoline powered com
mercial vehicles in any part of the coun
t r y . They are definitely not l imi ted to 
the characteristics of the two test routes 
or the seven test vehicles. The examples 
which il lustrate how the factors can be 
applied to common problems indicate 
that the results of this study w i l l have 
many uses and that they are a con t r i 
bution toward the solution of the problem 
of motor vehicle size and weight. The 
work on the other phases of the project 
which are planned to provide the remain-
mg segments of the vehicle operating 
costs should be hastened. 
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l a b i a 1 Doeorlpt lon o f the t ea t aeotlons i n order 
of the ra te o f r i s e and f a l l 

Rate o f Length Else and f a l l - Rlae I n peroenteRe 
Section r i s e k of Eaatbound of t o t a l r i s e » f a l l Remarks 

y f a l l aeot lon Rise F a l l Tota l EB 2/ « B y • 
Remarks 

Pt/100 F t . miles f e e t f e e t f e e t % % 
15-16 0.8 12.79 2U7 260 507 U9 51 Oently r o l l i n g 
18-1} 0.9 6.17 266 28 29U 91 9 nest slo^e o f Blue U t . 
a-9 l . S 28.25 775 1.085 1,860 1*2 58 Gently r o l l i n g 
1-2 1-J 6.88 32£ 156 1*80 68 ?2 Gradual cl imb t o base o f Laurel R i l l 
6-7 l . J 19.21 781, 535 1,319 59 la Oently r o l l i n g 

ll»-15 1.3 11.01 211i 563 777 28 72 Gradual olimb t o base o f Blue Mt . 
S'U I J . i . . 31 75 251 326 23 77 S l i g h t dip on west slope o f l A u r e l H i l l 
9-10 I J * 6 .31 397 56 1*53 88 12 Vest s l o p ^ o f Rays H i l l 

10-11 I J * 9.32 119 585 70l* 17 83 Bast slope o f Rays & S ide l ing H i l l 
1-16 1J» l i t8 .71 5,391 5.936 11.327 1*3 52 En t i r e Turnpike course 
I - U I J * U».83 399 661 1.060 38 62 Oently r o l l i n g 

11-12 1.6 18.19 669 83I4 1.503 1*5 55 Gently r o l l i n g 
8-T 1.7 30.28 1.398 1.363 2.761 51 1*9 Gently r o l l i n g 

1 3 - l i 1.9 2 . U 0 214 211* 0 100 Bast slope o f Blue l i t . 
2-3 2.0 6.69 693 20 713 97 3 West slope o f Laurel U t . 
lt-5 2.2 7.QU 817 0 817 100 0 West slope o f Laurel l i t . 
5-6 3.63 11 1*39 1*50 2 98 East slope o f Laurel U t . 
A-B 2.1 19.77 1.3U0 1.191 2.531 53 1*7 Uoderately r o l l i n g 
7-8 2.5 6.80 0 910 910 0 100 East slope o f Allegheny U t . 
I - J 2.5 26.98 1.572 1.975 3,51*7 1*1* 56 Uoderately r o l l i n g 
O-B 3.1 2«.20 612 65 677 90 10 ISest slope o f Bald Knob 
A-n 3.3 l l i9 .39 12,762 13.1*95 26,257 1*9 51 En t i r e US Route 11 & 30 course 

B-O 5-72 900 291 1,191 76 21, West slope o f Bald Knob 
K-0 H.i U.06 35l» 521 875 1*0 60 Heavily r o l l i n g 

K-L 1..8 l .O l i 0 261* 261, 0 100 East slope o f Rays H i l l 
P-4 U.9 3JiO 153 730 883 17 83 East slope o f Scrub U t . 
J-K 5.0 i. .29 i.ouo 103 1.11*3 91 9 West slope o f Hays U i l l 
D-E 5 .1 9.61 1.237 1.32'' 2.56U liB 52 Heavily r o l l i n g 
> ' i 5-1 1.88 SOT 1* 511 99 1 West slope of S ide l ing U t . 

H - I 6.2 L.96 67 1.563 1.630 1* 96 East slope o f Bald Knob 
B-C 6.3 :t.o2 i,3'40 6 l,3£i6 100 0 West slope o f Laurel U t . 
C-D 6.U 2 j j l 0 820 e2c 0 100 East slope o f Laurel U t . 
li-R 6.6 3.61 1.2/49 1,258 100 0 West slope o f Tuscorora U t . 

H-S 7.0 3.88 0 1.1*32 1,1*32 0 100 East slope o f Tuscorora U t . 
M-H 7.3 3.02 0 1,170 1.170 0 100 East slope o f S ide l ing U t . 
0-P 7.9 1J43 59^ 0 59U 100 0 T/oot slope o f Scrub l i t . 

i/ Numbered sections are on Pennsylvania Turnpike 
Let tered sections ere on US Routes 11 t }0 

2/ Eastbound 

^ Westbound 
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Table 7 " Grouping of control sections by the 
percentage that the r ise i s of the 
t o t a l rise and f a l l 

Percentage Section Direction fiate of Rise I n percentage 
Oroup of t ravel r ise & f a l l of t o t a l r ise k f a l l 
% Pt/lOO F t . % 

95 - 100 13-iU KB 1.9 100 
2-3 EB 2.0 97 
U-5 EB 2.2 100 
5-6 VB 2.3 98 
7-8 WB 2.5 100 

K-L WB 100 
L-U EB 5.1 99 

H-I WB 6.2 96 
B-C EB 6.3 100 
C-D WB 6.1i 100 
Q-R EB 6.6 100 

£-8 WB 7.0 100 
U-K WB 7.3 100 
0-P EB 7.9 100 

85 - 9U 12-13 EB 0.9 91 
9-10 EB 88 

G-H EB 3.1 90 

J-E EB 5.0 91 

75 - 3nU WB 1.1* 77 
10-11 WB 1.1* 83 

E-G EB 3.9 76 

P-«l WB I1.9 83 
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Table 7 ~ Continued sheet 2 

Percentage Section Direction Rate of Rise i n percentage 
Group of t ravel X/ r ise & f a l l of t o t a l rise k f a l l 

% Ft/lOO F t . % 
65 - 7i* ll*-15 WB 1.3 72 

1-2 EB 1.3 68 

55-61* 8-9 WB 1.2 58 
6-7 EB 1.5 59 
T-U WB 1.1* 62 

I - J WB 2.5 56 
B-O WB l * . l 60 

1*5-51* 15-16 WB O.S 51 
15-16 EB 0.8 1*9 
1-16 WB 1.1* 52 
1-16 EB 1.1* 1*8 

11-12 EB 1.6 1*5 
11-12 WB 1.6 55 
8-T EB 1.7 51 
S-T WB 1.7 1*9 

A-B EB 2.1* 53 
A-B WB 2.1* 1*7 
A-U WB 3.3 51 
A-U EB 3.3 1*9 

D-E WB 5.1 52 
D-E EB 5.1 1*6 

35-1*1* 8-9 EB 1.2 1*2 
6-7 WB 1.3 l a 
T-U EB 1.1* 38 
I - J EB 2.5 1*1* 
K-0 £B l * . l 1*0 
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Table 7 — Continued sheet 3 

Peroentage Section Direction Sate of Rise i n percentage 
Group of t rave l 1/ r i se & f a l l of t o t a l rise ft f a l l 
% Ft/100 F t . % 

25 - 3t+ li|-15 SB 1.3 28 
1-2 WB 1.3 32 

15 - 2l| EE 23 
10-11 EB Id, 17 
E-G WB 3.9 

P-<i EB h.9 17 

5 - 14 i 2 - i ; ViiB 0.9 9 
9-10 WB 12 

G-H 1IB 3-1 10 

J-K WB 5.0 9 

0 - Ii 13-14 EB 1.9 0 
2-3 WB 2.0 3 
U-5 WB 2.2 0 
5-6 EB 2.3 2 
7-e EB 2.5 0 
K-L EB i | .8 0 
L-M WB 5.1 1 
H-I EB 6.2 i i 
B-C WB 6.3 0 
C-D EB e.h 0 

WB 6.6 0 

E-S EB 7.0 0 
U-N EB 7.3 0 
0-F WB 7.9 0 

^ WB - Westbound 
EB - EastbfftDad 
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Table 11 — Comparlaou of the oonposlte travel time of 
oommerclal •ehloles actually observed O D 
seotlons of US I4D In Ibryland with that 
obtained from figure 23 

Weight-Power Eatlo Travel time In minutes per mile 

Group 
Average \/ Old DS hfi y How US 1*0 y 

Group Old DSUO New nSliO Actual Figure 23 Actual Figure 23 
lbs/max* BP Ibs/ilet BP lbs/bet BP 

100 - 1U9 u a 1}8 2.1 1.7 1.7 1.6 

150 - 199 191 188 2.2 2.0 1.8 1.8 

200 - 2U9 21j6 2J,, 2.3 2.1 2.1 

250 - 299 3Ql» 296 2.5 2.6 2J* 2.1* 

300 - 31*9 36ti 360 2.7 3.0 2.5 2.7 

350 - 399 U 6 2.9 3-3 2.7 3.0 

"i/ Computed from pounds per maximum horsepower on basis 

that net horsepower i s 90 percent of the mazimiim horsepower 

2/ Rate of r i s e and f a l l of l ( . l 

y Bate of rise and f a l l of 3.7 

Table 12 ~ Comparison of the composite gasoline ooneumption 
determined by the Oregon State Blgfaway Department 
with that obtained from figure 8 

Composite gasoline oonsunptlon for rates of r i s e and f a l l of 
Weight 0 3.0 6.0 Weight 

Oregon Figure 8 Oregon Figure 8 Oregon Figure 8 

pounds 

10,000 0.09 0.10 .09 0.13 .13 

20,000 0.15 .12 0.17 .16 0.26 

30,000 0.20 .11* o.ait .21 0.37 .35 

U0,000 o.au .16 0.30 .26 0.1*8 J*6 

50,000 0.28 .18 o.;6 .31 0.60 .56 

60,000 0.32 .19 0.1*1 .36 0.71 .66 
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Table 15.—Computation form for using the r e s u l t s for 
composite g^isoline consumption and t r a v e l 
time to determine the operating economy i n 
terms of ton-miles per gallon and ton-miles 
per hour for any commercial v e h i c l e 

CO 

Item No. Items Units Values 

1 

2 

3 

5 
6 
7 

8 

a 
b 
a 
b 

9 
10 a 

b 

11 a 

b 
12 a 

b 
13 a 

b 

Totsi r i s e and f e l l of highway 

Length of highway 

Bate of r i s e and f a l l of highway 
Type of vehicle or combination 
Net engine horsepower 
Enpty (tare) weight 
Payload (net) weight 

Gross vehicle or combination weight 

Weight-power r a t i o 
Gasoline consumption 

Travel time 

Gross ton-miles per gallon 
Payload ton-miles per gallon 
Gross ton-miles per hour 
Payload ton-miles per hour 

feet 

feet 

ft./lOO f t . 

hp. 
pounds 
pounds 
tons 

pounds 
tons 

lbs./net hp, 
gal./mile 

mile/gal. 
min./mile 

miles/hour 

Obtained from p r o f i l e map or by 
altimeter 

Obtained from p r o f i l e map or 
calibrated odometer 

Item 1 times 100 divided by Item 2 
Type being stxidied 
Obtained from mfgrs, s p e c i f i c a t i o n s 
?rom scale 
Assumed 
Item 7a divided by 2000 
Item 6 plus Item 7& 
Item 8a divided by 2000 
Item 8a divided by Item 5 
Read from figure 8 for Items 3 and 

8a 
1 divided by Item 10a 
Read from figure 23 for Items 3 

and 9 
60 divided by Item 11a 
Item 8b times Item 10b 
Item 7b times Item 10b 
Item 8b times Item l i b 
Item 7b times Item l i b 
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NATIONAL R E S E A R C H COUNCIL 

The National Research Council i s a cooperative organization o f the s c i e n t i f i c nen 
of America. I t s members include, however, not only s c i e n t i f i c and technical men but 
a l s o business men i n t e r e s t e d i n engineering and i n d u s t r y . I t was e s t a b l i s h e d i n 
1916 by the National Academy of Sciences. 

The Charter o f the N a t i o n a l Academy o f Sciences, under a s p e c i a l a c t o f the 
Congress approved by President L i n c o l n i n 1863, provides t h a t " t h e Academy s h a l l , 
whenever c a l l e d upon any Department o f the Government, i n v e s t i g a t e , examine, 
experiment, and re p o r t upon any subject o f science or a r t . " 
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HIGHWAY R E S E A R C H BOARD 

Tbe Highway Research Board i s organized under the auspices o f the D i v i s i o n of 
Engineering and I n d u s t r i a l Research o f the National Research Council. I t s purpose 
i s t o provide a n a t i o n a l c l e a r i n g house f o r highway research a c t i v i t i e s and i n f o r 
mation. The membership c o n s i s t s o f 41 t e c h n i c a l , e d u c a t i o n a l , i n d u s t r i a l , and 
governmental organizations o f n a t i o n a l scope. Associates o f the Board are f i r m s , 
corporations, and i n d i v i d u a l s who are i n t e r e s t e d i n highway research and who desire 
t o f u r t h e r i t s work. 

Tbe Board provides a forum f o r the d i s c u s s i o n and p u b l i c a t i o n of the r e s u l t s 
obtained by i n d i v i d u a l research workers; organizes committees of experts t o plan and 
suggest research work and to study and c o r r e l a t e the r e s u l t s ; publishes and other
wise disseminates information; provides a research information service; and c a r r i e s 
on f a c t f i n d i n g i n v e s t i g a t i o n s . With the cooperation of the highway departments of 
the states and T e r r i t o r i e s and the Public Roads Administration, the Highway ffesearch 
Board conducts a Highway Research C o r r e l a t i o n S e r v i c e , t o a i d the many highway 
research agencies t o c o r r e l a t e t h e i r work through personal v i s i t s , conferences, 
committee work, and dissemination of p e r t i n e n t i n f o r m a t i o n . 
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