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SYNOPSIS 

Operating cost records for 293 cars operated by rural mail earners in Iowa and 
Indiana have been assembled, summarized, and analyzed for the purpose of de
termining the operating cost differentials for various types of road surfaces 
This report concludes a study of car cost records, supplementing the report for 
159 cars presented at the 1937 meeting of the Highway Research Board Unit 
operating costs were determined for each type of road surface f r o m the detailed 
daily record of these cars covering every phase of operation 

The total travel for the 293 cars amounted to 3,094,546 miles which was very 
nearly equally divided between the four seasons of the year and three surface 
types,—pavement, untreated gravel, and earth 

From the graphical analysis the average cost of operation for the year-round 
condition was found to be about 7 8 cents per mile for earth, 4 5 cents per mile for 
gravel, and 3 8 cents per mile for pavement The unit cost of transportation by 
replacement of cars with horses, etc , when the roads were impassable to cars, 
averaged about 11 cents per mile as compared to an average of less than 5 cents 
per mile with the cars The average rate of travel, including stops, was 14 0 
m p h on gravel and pavement and about 7 0 m p h on earth 

From the statistical analysis by the method of least squares, the average cost 
of gasoline, oil, tires and mamtenance for the year was 3 14 cents per vehicle 
mile on earth, 2 54 on gravel, and 1 55 on pavement The unit cost of gasoline 
was 0 05 and 0 18 cent higher on gravel than on earth and pavement respectively 
Also, the tire cost was 0 04 and 0 12 cent higher on gravel than on earth and 
pavement respectively The total unit costs of operating an "average" car 
for 8,000 miles annually based on the results of this study amounted to 6 22 
cents per mile on earth, 5 62 on gravel, and 4 63 on pavement The multiple 
correlation coefficients obtained by the least squares method was 0 89 for the 
total unit costs, 0 98 for gasoline costs, 0 95 for tire costs, 0 78 for oil costs, and 
0 60 for maintenance costs 

Applying these data to determine the traffic volume necessary to justify an 
investment of $1000 per mile and an extra maintenance cost of $40 per year in im
proving a county trunk earth road with a gravel surface, it was found that 35 
vehicles a day are required if operating costs only are considered, and 7 vehicles 
a day if the factors of mileage, age, extra help, and travel time are evaluated 
Also, an annual expenditure of more than $500 per mile of road per 1,000 vehicles , 
of traffic per day for snow and ice removal is justified based on the savings in 
operating costs, time, and reduction in accidents, resulting from complete snow 
and ice removal 

With unit operating costs ranging from 2 cents per mile to 12 cents per mile 
for passenger cars, an average saving of 1 cent per vehicle mile, providing an 
annual saving of two-and-a half billions of dollars for the country, as a whole, 
is a goal worthy of the organized efforts of all engineers and car owners who con
trol the vast expenditures for highway transportation 

At the 1937 meeting of the Highway covering a study of the cost records for 
Research Board, a report was presented' 159 cars operated by rural mail earners 

•Proceedings, Highway Research Board, ^ Iowa and Indiana Umt operatmg 
Vol 17, p 53 costs were determined for each type of 
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road surface from the detailed daily 
record of these cars covenng every phase 
of operation, such as, miles of travel on 
each surface type, rate of travel, weather, 
number of stops, load, gasohne and oil 
consumption, tire expense, maintenance 
costs, garage rental, license fees, taxes, 
insurance, depreciation, mterest, and 
extra help Dunng the past year, the 
records for 134 additional cars have been 
assembled, summarized, and analyzed 
The close agreement in the results for 
the 159 cars ongmally studied and the 
293 cars which comprised the final total, 
indicated the rehabihty of results when 
using what might seem to be a relatively 
small number of cars as a sample. The 
wide spread in umt operating costs on 
unimproved roads, especially when com-
parmg the costs for the wmter and sum
mer seasons, agam mdicated clearly the 
marked advantage which can be gamed 
by operatmg on improved stabilized or 
hard surfaced roads As was mentioned 
in last year's report, the average motor 
vehicle tax which is used to pay for the 
construction and mamtenance of high
ways rarely exceeds one half cent per 
vehicle mile, whereas the "mud tax" 
when dnvmg on unimproved roads may 
easily be 5 to 10 times as great 

"Willie few people advocate mamtain-
mg an unimproved road system, the 
majority of car owners do not fully re-
ahze the price they have to pay to 
operate on mud roads To combat the 
mud m many instances the expedient of 
placmg loose gravel, sand, crushed rock 
or similar granular matenal on the road 
has been followed While this method 
can be carried out at low cost, it is not 
generally reahzed that certam items of 
operating cost are not greatly improved, 
in fact, the average year round umt 
costs for these items may be greater 
than for earth roads That is, the loose 
gravel or rock frequently increases aver
age fuel, tire, and mamtenance costs and 
creates a dust and accident hazard which 

may be greater and more serious than 
on the natural earth roads 

With 30,000,000 motor vehicles using 
our streets and highways, the importance 
of econonucal operation cannot be over
emphasized A reduction in the average 
cosi of operation of one cent per vehicle 
mile would represent a saving of more 
than two-and-a-half billion dollars a 
year, an amount considerably greater 
than that spent for all construction and 
mamtenance on this nation's streets and 
highways While the attamment of such 
a reduction m operating cost may appear 
to be highly improbable, a careful study 
of car cost records covenng a wide van-
ety of operatmg conditions, provides 
convmcmg evidence that if an organized 
effort were made to reduce car costs, an 
average reduction of one cent per vehicle 
mile would not only be possible, but could 
be accomplished in a relatively short 
time 

The results of this and previous stud
ies, indicate that the differences in unit 
operating costs for passenger cars which 
may be attnbuted to vanations m road 
surface iyipe or condition may easily be 
as much as two cents per mile, and if the 
value of time is considered, this differ
ence may be doubled or tnpled Fur
thermore, if the effect of vanations in 
age and annual mileage are mcluded, 
the total umt operatmg costs may vary 
from 2^ cents per mile to 12 cents per 
mile The pubhc should be informed 
concerning the needs in highway con
struction to eliminate waste created by 
operatmg on uneconomical road sur
faces and on congested and hazardous 
highways, and also concerning those 
phases m the operation of a car which 
contnbute to the tremendous waste and 
extravagance which a poorly informed 
and poorly organized dnving public 
alone will countenance 

In this report data are presented which 
will indicate the sigmficance of vanous 
items of operatmg costs and also will 
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indicate how these costs may be reduced 
Special emphasis is given to the data 
which show how the highway engineer 
can contribute toward such a reduction 
by the improvement of road surfaces and 
by suitable road mamtenance operations 
While the report covers an analysis of 
car costs in only one type of car opera
tion, that of cars operated on rural mail 
routes, the records are complete and 
provide a detailed account of every im
portant element in car operation known 
to effect car costs and thus provide a 
fairly defimte measure of possible reduc
tions in car costs for all types of opera
tion 

Among the more important cost fac
tors which the highway engineer should 
consider are the savmgs due to the type 
of road surface, the type of road main
tenance, and the extent of snow removal 
As was mentioned in last year's report, 
m the case of mam highways where the 
traffic volume is large, it is easy to show 
that the savmgs m operating cost justify 
the expenditures for a first class pave
ment However, there are many streets 
and highways in need of improvement 
where the traffic is much lighter than 
on mam state highways and for which a 
more careful analysis of all of the cost 
factors is necessary if a wise selection of 
the type of surface improvement, mam
tenance, and extent of snow removal is 
to be made While a gravel surface is 
usually selected under low traffic condi
tions to provide a passable all-weather 
surface, the data m this study indicate 
that an mvestment of $1000 per mile for 
gravel surfacing may be justified with as 
few as seven vehicles per day In like 
manner, many other economic decisions 
can be made if complete cost data are 
available similar to that to be presented 
in this report 

In the 1937 report detailed informa
tion was given concerning the methods 
and forms used in obtammg the route and 
car descnptions, the daily record of 

operation for each car, and the methods 
used m analyzing and reducing the data 
on the monthly, quarterly, and annual 
summary sheet All of the later work 
was conducted using the same methods 
and will, therefore, not be covered again 
in this report 

A N A L Y S I S O F COST RECORDS AND 
DISCUSSION O F R E S U L T S 

Description of cars The car commonly 
used by mail earners as reported by the 
owners is the light, low-pnced tyTpe 
There were a number of heavy, medium-
pnced cars and also cars with special 
construction to operate through mud and 
snow, such as by the use of raised fenders, 
large radius wheels, and special attach
ments to the wheels The cars as a 
whole may be considered as representa
tive of those which generally use the 
secondary or farm-to-market roads 

Ages of the cars At the middle of each 
reported penod these vaned from one 
month to IO5 years; the average was 2 
years 9 months Most of the cars were 
under 2 years old, but there were also 
several which were 7 or 8 years old used 
almost exclusively on mud roads and 
which brought the average up to the 
above value Of the 293 cars mvesti-
gated dunng the 12 months penod from 
November 1, 1935 to October 31, 1936, 
202 or 68 9 percent were later than 1933 
models 

Descrtption of road surfaces The types 
of road surfaces were divided mto four 
separate groups—(1) ngid pavements, 
(2) semi-ngid treated types, (3) surfaced 
but untreated, and (4) natural earth 
With very httle mileage of the semi-
ngid treated type in Iowa, it was hoped 
that records could be obtained from rural 
mail earners in Indiana where this sur
face IS more common. However, not 
enough of these reports were obtamed to 
justify an analysis of this surface type 
separately, and, therefore, these were 
combined with the ngid types which con-
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sisted largely of portland cement con
crete The ngid and semi-ngid treated 
types are referred to hereinafter as 
pavement, surfaced but untreated types 
as gravel, and natural earth as earth 
A summary of the mileage traveled on 
the vanous surfaces for the four seasons 
of the year is given in Table 1 

I t is interesting to note that of the 
total mileage of 3,094,546 miles traveled 
by the 293 cars, 31 8 percent was on 

used by the mail earners in this study 
These data again indicate that the mile
age is fairly evenly divided on each 
surface for these selected groups of cars 

Analysis of records The same graph
ical and statistical methods were used in 
analyzing the data for the 293 cars as 
were used for the first 159 cars covered 
in last year's report In the graphical 
method, the data were plotted in terms of 
percentages of miles traveled on a given 

T A B L E 1 

SUMMARY OF M I L E A G E T R A V E L E D B Y 293 C A B S ON E A C H S U R F A C E T Y P E FOR T H E 
Y E A R 1935-36 

Penod Total mileage % 
Mileage on each surface type 

Penod Total mileage % 
Pavement Gravel Earth 

Winter 
Spring 
Summer 
Fall 
Year 

644,042 
780,931 
899,141 
770,432 

3,094,546 

20 8 
25 2 
29 1 
24 9 

100 0 

166,231 
235,897 
346,036 
232,822 
980,986 

250,966 
288,854 
289,959 
283,513 

1,113,292 

226,845 
256,180 
263,146 
254,097 

1,000,268 

Percent of total 100 0 31 8 35 6 32 6 

T A B L E 2 

SUMMARY OP M I L E A G E T R A V E L E D B Y C A R S A , B , AND C ON E A C H S U R F A C E T Y P E FOR T H E Y E A R 
1935-36, U S I N G C A R M O D E L S L A T E R THAN 1933 M O D E L S 

Type of car 
Total mi eage for each car type 

No of Cars 
Mileage per car 

Type of car 
Paving Gravel Earth 

No of Cars 
Paving Gravel Earth Total 

A 
B 
C 

All ears 

269,005 
302,479 
154,184 
725,668 

281,157 
320,504 
182,178 
783,839 

304,634 
226,397 
109,698 
640,729 

72 
65 
35 

172 

3,736 
4,654 
4 ,405 
4,219 

3 ,905 
4,931 
5,205 
4,557 

4,231 
3 ,483 
3 ,134 
3 ,725 

11,872 
13,068 
12,744 
12,501 

pavement, 35 6 percent on gravel, and 
32 6 percent on earth Also, of the total 
nuleage 20 8 percent was traveled dunng 
the winter 25 2 percent during the 
spnng, 29 1 percent dunng summer, and 
24.9 percent dunng the fall season 
It can be seen that the mileage was fairly 
evenly divided between both the three 
surface types and the four seasons of the 
year 1935-36 

In Table 2 the average mileage on 
each surface type is given for the three 
popular makes of car most commonly 

surface as compared with total mileage 
traveled on any two surfaces or on all 
surfaces Smce it was desirable to 
compare the cost of operation on three 
different surface types, this method was 
not entirely satisfactory because only 
two, or at the best three, vanables could 
be used The statistical method of least 
squares was used to obtain average values 
of operatmg costs on the three different 
surface types and proved to be highly 
satisfactory The graphical method 
makes it possible to visuahze the data 
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while the statistical method permits more 
exact solution of specific cost items 

Comparison of unit costs In Figure 1 
the average unit cost of operation for 
the 293 cars is shown for varying per
centages of total mileage traveled on 
earth roads as compared to the mileage 
on pavement and gravel Smce the 
distnbution of the mdividual cars is 
practically the same as in the 1937 report 
it IS not repeated here The average 
total unit operating cost (excluding 
extra help) varied from 3 8 cents per 

unit costs of more than 200 cars with 
annual mileages above 5,000 and for year 
models later than 1933 were examined. 
The average unit costs for this group of 
cars (Fig 1) were about the same as for 
all 293 cars but the spread in costs par
ticularly for the cars operating largely on 
earth was reduce by about 2 cents per 
mile 

The average unit cost including extra 
help is also shown in Figure 1 The unit 
cost of extra help averaged about 0 2 
cent per mile on paving and 1.0 cent 
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Figure 1. Unit Cost of Operation for Varying Percentages of Total Mileage Traveled on 
Earth Roads as Compared to Mileage on Other Surface Types for 293 Cars Operated dur
ing 1935-36. 

vehicle mile for cars operating exclusively 
on gravel and paving to 7 8 cents per 
vehicle mile on earth The minimum cost 
on gravel and pavement was about 2\ 
cents per mile as compared to 5 cents per 
mile on earth and the maximum is about 
6 cents per mile on gravel and paving 
as compared to about 12 cents per mile 
on earth One reason for this wide 
spread in costs between minimum and 
maximum values is due to the wide var
iation in annual mileage and in the annual 
depreciation charges agamst the car To 
determine the extent of this effect, the 

per mile on earth This does not mean 
that the unit pnce of extra help was 
higher on earth roads than on pavement, 
but rather that considerably more extra 
help was necessary on earth roads than 
on pavmg 

The unit transportation replacement 
cost corresponds to extra help "without 
car" and averages approximately double 
the average cost with the car (See 
Figure 8, 1937 report) These costs vary 
widely and for obvious reasons bear no 
definite relation to the type of surface 
replaced 
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The extreme seasonal effect on operat
ing cost IS shown in Figure 2 The unit 
costs shown include only the cost of gas, 
oil, and maintenance The average on 
paving IS 0 7 cent per mile higher in 
wmter than m summer and 1 2 cents per 
mile higher on earth in wmter than in 
summer It should be noted that the 
effects of age and mileage are negligible, 
and the spread in umt costs (See Fig. 
9, 1937 report) is due largely to the type 
of surface and the season of the year 

help amounts to about 0 6 cent per mile 
on paving and 2 4 cents per mile on earth 
This shows the effect of snow, ice, and 
ram to be much greater on earth roads 
than on other types 

Comparison of unit costs on earth, 
gravel, and paved roads graphically Since 
it seemed desirable to determined the dif
ferences in operatmg costs for each of the 
three types of surfaces, the cars were di
vided into three groups thereby making 
it possible to compare costs on earth and 
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Figure 2. Unit Cost of Gas, Oil and Maintenance for Varying Percentages of Total Mileage 
Traveled on Earth Roads as Compared to Mileage on Other Surface Types for Seasons of 1935-36, 
(a) With Extra Help, and (b) Without Extra Help 

The pomts are grouped qmte closely to 
the average hne for the summer season 
which is a good argument in favor of 
snow and ice removal and in so doing 
mamtaining summer dnving conditions 
on wmter roads 

In Figure 2 the average cost of extra 
help IS also included with gas, oil, and 
mamtenance These curves indicate that 
the cost of extra help in summer is very 
small, averaging only 0 1 cent per vehicle 
mile on paving and 0 4 cent per vehicle 
mile on earth Dunng the wmter extra 

gravel, on earth and pavement, and on 
gravel and pavement Each group was 
composed of cars which were operated 
for at least 90 percent of their total 
mileages on the two surfaces bemg com
pared The total cars in each group did 
not provide a large enough sample to 
assure conclusive results, but the trends 
are fairly well defined (Fig 3) The 
greatest difference was obtained when 
comparing the costs on gravel or paving 
with the costs on earth which amounted 
to about 3 to 4 cents per mile; the least 
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difference bemg obtamed when comparmg 
costs on gravel and on concrete which 
amounted to less than 1 cent per mile 

In Figure 4 the unit costs are shown 
for the four seasons, and this again 
shows that the seasonal effect is greatest 
on earth roads and least on gravel and 
paving 

of cases the same carrier operated two 
cars, one when the roads were good, the 
other when the roads were muddy or 
otherwise m poor condition This is a 
partial explanation why the annual 
mileage of cars operated" on earth roads 
was so low At the same tune, it is 
significant that the total unit costs on 

<7-/ 
A 

TaHh ifs. Orayei 

1 1 
Is 

0 o 

77t//77 

> 

o 

e o 

e 

e 

O 

0 

o 

o 

> 

o 

0 

e 
e 

e 
o o 

e 
B 

e 
o < > 

'Mtn f77(jm 
o < 

1 
to so 40 SO €0 10 00 90 /00 

Percenkiife of To^/ Mt/eage Trave/et^onfar^h 

r 
< 

6 /^yement 
/ /ess /fyon /o 

f 
96 

e 

O 
o 

» 
o 

e 
0 

o J TJ 
o 

> o 

•77 

Percentage o/ /ofa/ Mi/eoqe Troye/ed on f o r f h 
1 1 1 

C - Gra^e/ <fs. 
£:ar/ft /eas 

1 
'.men/-

A 

• —" o 

lo/tirr 

»o * 0 -iJl-. 

o 
e 

o «> 
o 

e y 

o e o " • (0 

55 « 
f^rcenfoge o/ Tbfo/Mi/eage 7rove/ec/cr> Crofe/ 
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and (c) Gravel as Compared to Pavement. 

3 

i 

O - £or/h v3 Grai/e/ I 
— Pavement /eS3//}on/0% . 

to so ^ so So TO Bo 90 /OO 
Ali/aoge on Corf/i in Pzrcen/age of Tofa/Mi/e> 

b - £arfh f j t fiavement 
— Grove/ /ess //ton IO% 

IVin/e 

Opr/ntf 

lO to 30 •to so 60 TO ao 90 /OO 
/Mileage onEbr/h in Percen/oge o/To/o/Z'fi/es 

-1 r 
C - Crave/ vs.p'avemen/ 

. £ a r / / j /ess //ion /0?6 
Pb//'- kVin^er 

Spring 

lO to so 40 so 6o 70 ao 90 /OO 
/iileage on Grove/in Percentage o/ToM /liles 

Figure 4. A Comparison of the Unit Cost of 
Gas, Oil and Maintenance for the Four Seasons 
on (a) Earth vs. Gravel, (b) Earth vs. Pave
ment, and (c) Gravel vs. Pavement 

Annual mileage In the 1937 report 
it was shown that wide variations in 
annual mileage had a marked effect on 
unit operating costs According to the 
data in Figure 5, the cars operated largely 
on paving by rural mail carriers averaged 
about 20,000 miles per year whereas 
cars operated on earth averaged only 
about 4,000 miles per year In a number 

earth were notably higher than on pave
ment and part of this difference is defi
nitely due to the low annual mileages of 
cars operated on earth It is question
able whether the operation of a "mud" 
car for such low annual mileages is 
economically justifiable, because there is 
little to indicate that the imit gas, oil 
and tire costs would be lower for the two 
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cars than if only one were used Only 
the savings in maintenance and m the 
need for less frequent car washings would 
justify the added cost in the fixed charges 
for the "mud" car 

summer and wmter are given and the 
curves show that the average rate on 
paving IS 14 miles per hour or about 
double the average rate on earth where 
it IS 7 miles per hour The rate dunng 
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Figure 6. Average Miles of Route Covered per Hour, Including Stops for Varying Percentages 
of Total Mileage Traveled on Earth Roads as Compared to Mileage on Other Surface Types for 
Winter, Summer and the Whole Year. 

Rates of travel The rate of travel is 
defined as the total miles traveled di
vided by the number of hours spent on 
the route In Figure 6 the average rates 
of travel for the entire year and for 

the summer is approximately 25 percent 
higher than dunng the winter Dunng 
the fall I t is slightly higher than in the 
spring 

The most significant fact respecting the 
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differences in rate of travel on earth-and 
on paving is the large time saving ef
fected by travel on pavement There 
can be little doubt that cutting the time 
on the route by 25 to 50 percent provides 
a real time saving factor which has money 
value and that this alone may justify the 
construction of hard all-weather roads 

Relation of unit operating cost to total 
mileage of cars The umt cost of gas, 
oil, and maintenance as related to the 
total mileage traveled during the life of 
the car is shown in Figure 7 While the 

mileage in unit costs is the effect of the 
age of cars on unit costs Figure 8 indi
cates a fairly definite trend upward in 
cost until an age of five or six years is 
reached The unit cost remains fairly 
constant beyond this point The sharp 
upward trend during the first year is 
accounted for by the fact that mainte
nance IS practically nil when the car is 
new, but that it mcreases with age until 
it becomes more or less constant A 
portion of the increase in unit cost with 
age IS due to improvements in the more 
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Figure 7. Unit Cost of Gas, OH and Maintenance at Various Mileages Traveled during Life, of 
Cars up to tlie Middle of Reported Period 

sample is not as large as it should be, 
especially for cars operated over large 
total mileages, a definite trend upward in 
the unit costs as the mileage of the car 
increases is clearly evident This in
crease IS largely due to an increase in, 
maintenance costs because the unit 
cost of oil and gas should not change 
very much if the car is kept m good 
repair The curve was not intended to 
indicate the average cost at each mileage 
but merely to indicate the approximate 
trend 

Relation of unit cost to age of car 
Closely related to the effect of total 

recent model cars which have raised 
efficiency and lengthened useful service 
lives Incidentally, the low cost trend 
shown during the early life of the car 
provides a basis for the practice followed 
by certain car owners and fleet operators 
of trading in at the end of the first or 
second year These costs are not the 
total unit costs but include only gas, oil, 
and maintenance, the items of which 
average owners are usually most con
scious If the unit costs due to fixed 
charges such as insurance, license fee, 
interest and depreciation were included 
the trend would be quite different. With 
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low annual mileages, it would be com
pletely reversed, but with armual mile
ages of 20,000 or more, the two cents per 
mile difference in unit cost due to age 
might be no more or might even be less 
than the unit costs due to the fixed 
charges which are highest when the car 
is new. I t should be evident that the 
effects of age, annual mileage, deprecia
tion, and maintenance are highly signifi
cant to the individual owner who desires 
to operate at the lowest imit cost, but 

The costs were computed only for gas, 
oil, tires, and maintenance because these 
items are directly affected by the type of 
surface. The recorded costs were used 
and only in computing the total unit 
operating cost were the uniform adjusted 
costs for such items as depreciation, 
garage rental, insurance, interest, and 
taxes used. 

Comparison of unit costs for first 159. 
cars, for the last 134 cors, and for all 

cars. A summary of the unit costs 
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Figure 8.. Unit Cost of Gas, Oil and Maintenance at Various Ages of Cars at Middle of Period 
Covered by Report 

it is in these items that he is least in
formed and most likely to have the 
greatest spread in unit costs. 

S T A T I S T I C A L A N A L Y S I S B Y METHOD O F 
L E A S T S Q U A R E S 

Since it was not possible to determine 
the exact average unit operating costs 
for the three types of surfaces by graph
ical solution because four variables had 
to be considered in the solution instead 
of the usual two or three, statistical 
analysis by the method of least squares 
was used to compute the average unit 
cost on each surface for the 293 cars. 

for two groups of cars and for all 293 
cars is given in Table 3. The relative 
unit costs shown in the table were deter
mined by assigning a value of 100 for 
the total tmit cost for the 293 cars on 
pavement as a base. 

The comparative costs of gasoline, oil, 
tires, and maintenance for the 293 cars 
for the entire year were found to be 3.14 
cents per mile on earth, 2.54 cents per 
mile on gravel, and 1.55 cents per mile 
on pavement. The cost of operation 
on earth for these items was, therefore, 
more than double the cost on pavement 
with a difference of 1.59 cents per mile. 
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The difference between the unit costs on 
gravel and on pavement for these same 
cost items amounted to 0 99 cents per 
mile A significant fact brought out in 
this summary is that the unit costs for 
gas and tires were higher on gravel than 
on earth A possible explanation for this 
difference is that in dry weather the 
untreated gravel roads are frequently 
loose and corrugated while the earth 
roads are hard and smooth In wet 
weather both the gravel and the earth 

mileage per quart of oil was 113 on earth, 
159 on gravel, and 264 on pavement 

The greatest difference in cost items 
between surface types was for mamte-
nance The maintenance cost on earth 
was 1 24 cents per mile, 0 61 cent per 
mile on gravel, and —0 02 cent per mile 
on pavement. This large difference was 
partially due to the greater ages of cars 
operated almost exclusively on earth, 
also, the cars operating largely on pave
ment were generally less than two years 

T A B L E 3 
COMPARISON OF R E S U L T S OF T H E L E A S T S Q U A R E S SOLUTION FOR O P E R A T I N G COSTS OP T H E F I R S T 

159 C A R S AS G I V E N IN L A S T Y E A R ' S R E P O R T , OP T H E L A S T 134 C A B S A N A L Y Z E D T H I S 
Y E A R , AND OP T H E E N T I R E G R O U P OF 293 C A R S S T U D I E D I N T H I S INVESTIGATION 

Cost item 

Pavement Gravel Earth 
Cost item Cost, 

cents per 
mile 

Cost, 
cents per 

mile 

Cost item Cost, 
cents per 

mile 
Relative 

cost* 
Cost, 

cents per 
mile 

Relative 
cost* 

Cost, 
cents per 

mile 
Relative 

cost* 

Gas, oil, maintenance and tires for first 
159 cars 1 73 112 2 46 159 3 17 205 

Gas, oil, maintenance, and tires for last 
205 

134 cars 1 37 88 2 60 168 3 10 200 
Gas, oil, maintenance, and tires for entire 

200 

group of 293 cars 1 55 100 2 54 164 3 14 203 

Gas, oil, and maintenance 1 29 83 12 16 139 2 80 181 
Gas 1 22 79 1 40 90 1 35 87 
Oil 0 09 6 0 15 10 0 21 14 
Maintenance - 0 02 - 1 0 61 39 1 24 80 
Total tire cost 0 26 17 0 38 25 0 34 22 
Tire replacement cost 0 24 15 0 36 23 0 32 21 
Tire repair cost 0 02 1 0 02 1 0 02 1 

xvemiiive uusi asaume me cosi oi gas, oil, 
cars when operating on pavement to be 100 

roads may be soft, with the earth roads 
usually much softer than the gravel 
roads The data on rate of travel also 
indicate that the speeds on gravel are 
definitely higher than on earth which 
means that fuel and tire wear costs should 
be higher than at the slower speeds at 
which cars are operated on earth. 

When the unit cost of gas is converted 
into miles per gallon, it is found that the 
average fuel consumption was 13 52 
miles per gallon on earth, 13 04 on gravel, 
and 15 02 on pavement The average 

old and required little repair work Of 
course, the negative result indicated for 
mamtenance on pavement is not a real 
value but is the result obtamed using 
the straight line relationship in the least 
square method That is, in setting up 
the least squares equations it was as
sumed that the costs for gas, oil, tires, 
and maintenance varied uniformly with 
the mileage on each surface type That 
this was a reasonable assumption is 
shown in Table 4 where a multiple cor
relation coefficient of 0 98 is given as 



HIGHWAY TRANSPORTATION ECONOMICS 

having been computed for gas and 0 95 
for tires The correlation coeflScients 
for oil and maintenance are not as high, 
with values of 0 78 for oil and 0 50 for 
maintenance 

In view of the negative value for the 
mamtenance cost on pavement, a least 

for both oil and maintenance It re
sulted in only a slight improvement in 
the correlation coefficient for oil, chang
ing it from 0 78 to 0 79, but gave a 
marked improvement for the coefficient 
for mamtenance, raising it from 0 50 
to 0 60 The negative value for mam-

T A B L E 4 

COMPARISON OF L E A S T SQUARES SOLUTION U S I N G STRAIGHT L I N E R E L A T I O N S H I P AND C U R 
V I L I N E A R R E L A T I O N S H I P FOR V A R I A B L E O P E R A T I N G C O S T I T E M S W H E N O P E R A T I N G ON V A R I 
OUS S U R F A C E T Y P E S , A L S O T H E C O R R E L A T I O N C O E F F I C I E N T AND STANDARD D E V I A T I O N F O R 
E A C H C O S T I T E M 

Cost item Type of solution 
Cost on 

concrete, cents 
per mile 

Cost on 
gravel, cents 

per mile 

Cost on 
earth, cents 

per mile 

Multiple 
correlation 
coefficient 

Standard 
deviation, 
dollars per 

year 

Gasoline 

Oil { 

Maintenance | 

Tires 

Straight line 
Straight line 
Curvilinear 
Straight line 
Curvilinear 
Straight line 

1 19 
0 09 
0 11 

- 0 15 
0 10 
0 27 

1 35 
0 14 
0 15 
0 43 
0 56 
0 39 

1 28 
0 21 
0 21 
0 97 
1 01 
0 34 

0 98 
0 78 
0 79 
0 50 
0 60 
0 95 

22 96 
7 64 
7 51 

55 84 
51 61 
7 42 

Total 
Total 

Straight line 
*Curvilinear 

1 40 
1 67 

2 31 
2 45 

2 80 
2 84 

0 89 72 91 

* Includes straight line solution for gasoline and tires and curvilinear solution for maintenance 
and oil 

T A B L E 5 
R E S U L T S OF T H E L E A S T SQUARES SOLUTION FOR U N I T O P E R A T I N G C O S T S FOR V A R I O U S I T E M S 

FOR T H E SEASONS OF 1935-36 

Costs in cents per vehicle mile 

Winter Spring Summer Fall 

Cost Item a g c 
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Gas, oil, and maintenance 1 89 2 47 3 50 1 28 2 28 3 07 1 36 1 77 1 96 1 39 1 74 2 69 
Gas 1 50 1 54 1 58 1 15 1 45 1 45 1 21 1 24 1 13 1 21 1 32 1 27 
Oil 0 11 0 16 0 22 0 10 0 14 0 21 0 10 0 15 0 20 0 12 0 11 0 20 
Maintenance 0 28 0 77 1 70 0 03 0 69 1 41 0 05 0 38 0 63 0 06 0 31 1 22 

squares solution was worked out using a 
curvilmear relationship instead of the 
straight hne relationship for both oil and 
maintenance for 263 cars for which com
plete total We mileage data were avail
able The results of these computations 
are shown m Table 2 and indicate that 
the curvilinear relationship is more 
accurate than the straight Ime method 

tenance on pavement was changed to a 
positive value of 010 cent per mile 
which is not unreasonable m view of the 
large annual mileage and the relatively 
low ages of the cars operating largely on 
pavement Some objection may be 
raised to attnbuting unit cost differen
tials to the surface which are in part due 
to mileage or age Actually it is to be 
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expected that the mileage on pavement 
should be greater than on earth because 
durmg certam seasons of the year travel 
on earth is so slow that it is impossible 
to maintain the high speeds and mileage 
obtained on pavement 

Unit costs for the seasons The costs 
of gas, oil, and maintenance for the 
seasons m Table 5 show very httle dif
ference in unit cost on pavement during 
spring, summer, and fall, but in winter it 
was from 0 5 to 0 6 cent per mile higher 
than dunng the other seasons The 
umt cost on gravel was about the same 

and the relative amount of travel on 
each type of surface as indicated m 
Table 2 were about the same The 
results of this analysis are shown m 
Table 6 

The unit costs for cars "A" and " B " 
agree quite well but the results for car 
" C " are not consistent when compared 
with "A" and " B " or with the unit costs 
for all the*293 cars It is possible that 
the sample for car " C " was too small to 
obtam accurate results with only 35 
cars being used as compared to double 
that number for cars "A" and " B . " 

T A B L E 6 

C O S T OF O P E R A T I O N IN C E N T S P E R V E H I C L E M I L E FOR T H R E E L O W P R I C E D C A R M A K E S ON 
V A R I O U S T Y P E S OF S U R F A C E S 

Car "A" Car "B" Car " C " Cars "A," "B," 
and " C " 

Cost I t e m ^» a 
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Gas, oil, tires and mam
tenance 

Gas 
Oil 
Tires 
Maintenance 

1 47 
1 14 
0 06 
0 28 

- 0 01 

2 64 
1 44 
0 11 
0 41 
0 68 

2 86 
1 42 
0 23 
0 26 
0 95 

1 42 
1 15 
0 10 
0 27 

- 0 10 

2 46 
1 39 
0 15 
0 38 
0 54 

2 82 
1 23 
0 15 
0 36 
1 08 

2 54 
1 43 
0 14 
0 27 
0 70 

2 14 
1 27 
0 12 
0 37 
0 38 

2 08 
1 12 
0 23 
0 36 
0 37 

1 68 
1 20 
0 10 
0 28 
0 10 

2 47 
1 38 
0 13 
0 40 
0 56 

2 70 
1 30 
0 19 
0 31 
0 90 

Ave annual mileage per 
car on each surface 3736 3905 4231 4654 4931 3483 4405 5205 3134 4219 4557 3725 

during the summer and fall, but was 
0 5 cent per mile higher dunng spring 
and 0 7 cent higher dunng winter than 
dunng summer or fall The greatest 
difference between unit costs for the 
seasons occurred on earth roads, the 
cost in cents per mile increasing from 
1 96 during summer to 2 96 during fall, 
3 07 dunng spnng, and 3 50 dunng 
wmter 

Umt costs for different car makes 
Three makes of cars were selected for 
which the largest number of records were 
available All of the cars m the three 
groups were later than 1933 models and 
their average route speeds, average ages. 

Average total umt operating cost data 
for the "composite" car and for the "aver
age" car In determmmg the average 
total unit operatmg cost for the 293 cars 
on earth, gravel, and pavement, the re
sults of the least squares solution were 
used for the cost of gas, oil, tires, and 
maintenance and the cost for the re-
mammg items such as depreciation, 
garage rental, taxes, etc were computed 
for a "composite" car and for the "aver
age" car For the "composite" car, the 
average age and the dehvered pnce of 
one of the most commonly used low 
pnced cars was used together with the 
depreciation, insurance, garage rent, m-
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terest, and hcense fee for this make of 
car For the "average" car the re
corded costs were used to determine the 
average umt costs The greatest differ
ences between the unit costs for the 
"composite" and the "average" car are 
due to the vanable rate of depreciation 
at vanous ages of the car That is, the 
depreciation is not the same for each 
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Figure 9. Total Unit Operating Cost for the 
"Composite" and "Average" Car on Various 
Surface Types as Related to the Annual 
Mileage. 

year over the life of the car but is con
siderably higher durmg the first two 
years than at later periods The average 
age of the 293 cars at the beginning of the 
reported penod was 2 years and 5 months 
and usmg a delivered cost of $700 the 
annual depreciation for this age would be 
$63 70 as compared with the actual 

average depreciation of $149 51 obtained 
from the depreciation values computed 
for each of the 293 cars 

The total unit costs per mile were thus 
computed for the "composite" car and 
for the "average" car for annual mileages 
varymg from 1,000 to. 50,000 The 
curves in Figure 9 indicate clearly the 
marked effect annual mileage has on 
unit costs especially for annual mileages 
less than 15,000 At 14,560 miles, which 
was the average annual mileage of the 
293 cars, the total unit costs of opera
tion of the "composite" car was found to 
be 4 19 cents per mile on earth, 3 59 
on gravel and 2 60 on pavement If the 
annual mileage is reduced to 8,000 which 
is a fairly typical average for cars m this 
country, the costs for the "composite" 
car wiU be 5.03 cents per mile on earth, 
4 42 on gravel, and 3 41 on pavement 

In Table 7 the vanous cost items and 
the total operating cost for the "average" 
car when operating on pavement, gravel, 
and earth are given. The operating cost 
of the "average" car at an average an
nual mileage of 14,560 is 4 83 cents per 
mile on earth, 4 23 on gravel, and 3 24 
on pavement For an annual mileage 
of 8,000 the costs for the "average" 
car will be 6 22 cents per mile on earth, 
6 62 on gravel and 4 63 on pavement 

A P P L I C A T I O N O F U N I T O P E R A T I N G COST 
DATA TO A STUDY O F ECONOMIC COM
PARISONS O F E A R T H AND G R A V E L ROAD 
S U R F A C E S AND T H E ECONOMIC J U S T I F I 
CATION O F SNOW R E M O V A L 

In the 1937 report the unit operatmg 
cost data for the first 159 cars were used 
in making an econonuc comparison of 
earth and gravel for a local country 
road for traflSc rangmg from 0 to 50 
vehicles per day. The conditions and 
limitations under which these data were 
used were explained and will not be re
peated here However, the application 
of the unit cost data obtained from the 
293 cars m an economic comparison of 
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earth and gravel for a county trunk road 
with traffic ranging from 0 to 100 vehicles 
per day is given in Figure 10 

The total annual transportation cost 
was computed by the formula* 

Annual transportation cost = annual 
maintenance cost + annual deprecia
tion + annual interest + annual vehicle 
operating cost 

In making the economic comparisons 
shown in Figure 10, three different values 
of unit operating cost were used In 
(A) the unit operating costs on both 

crease being the 2 9 cents per mile tune 
factor which is the value of time saved 
by travehng on gravel mstead of earth 
assuming the driver's time to be worth 
40 cents per hour 

The curves m Figure 10 (A) indicate 
that a traffic volume of 35 cars per day 
will provide sufficient savings in gas, oil, 
tires, and maintenance to justify the 
$1,000 investment and the $40 per year 
extra mamtenance required for the con
struction and maintenance of the gravel 
road For the unit cost values used m 

O P E R A T I O N C O S T S OP T H E 
T A B L E 7 

' A V E R A G E " A U T O M O B I L E ON V A R I O U S S U R F A C E T Y P E S * 

Favemont Gravel Earth 

Cost item Annual 
cost, dollars 

per car 
Cost, cents 

per mile 
Annual 

cost, dollais 
per car 

Cost, cents 
per mile 

Annual 
cost, dollars 

per car 
Cost, cents 

per mile 

Gasoline 
Oil 
Maintenance 
Tires 
Garage 
License fee and taxes 
Depreciation 
Interest at 6% 
Insurance 

177 63 
13 10 

- 2 91 
37 86 
30 00 
13 57 

149 51 
24 33 
27 85 

1 22 
0 09 

- 0 02 
0 26 
0 21 
0 09 
1 03 
0 17 
0 19 

203 84 
21 84 
88 82 
55 32 
30 00 
13 57 

149 51 
24 33 
27 85 

1 40 
0 15 
0 61 
0 38 
0 21 
0 09 
1 03 
0 17 
0 19 

196 56 
30 58 

180 54 
49 50 
30 00 
13 57 

149 51 
24 33 
27 85 

1 35 
0 21 
1 24 
0 34 
0 21 
0 09 
1 03 
0 17 
0 19 

Total (Annual Miles 14,560) 470 94 3 24 615 08 4 23 702 44 4 83 

Total (Annual Miles 8,000) 369 26 4 63 448 46 5 62 496 46 6 22 

* Costs for items in mam body of table are computed for an average annual mileage of 14,560 
miles 

gravel and earth were computed using 
the same average annual mileage and 
age, resulting in a umt cost of 4 83 cents 
per mile on earth and 4 23 cents per 
mile on gravel, the difference being due 
to the increased gasolme, oil, tire, and 
mamtenance costs on earth as compared 
to gravel. In (B) the unit cost on earth 
was raised to 8 83 cents per mile which 
represents an adjusted cost based on the 
lower annual mileage, the greater average 
age and the greater cost for extra help 
on earth than on gravel In (C) the 
cost on earth was further mcreased to 
11 73 cents per mile, the additional in-

(B) which include the cost of extra help, 
a traffic volume of 7 vehicles a day justify 
the change from earth to gravel And if 
the value of time saving is added, 4 
vehicles per day will justify the change 

In the computations for the annual 
transportation cost for Figure 10, no 
allowance was made for amortizmg the 
$1,000 per mile construction cost of the 
gravel surface. While a properly mam-
tained gravel road with adequate gravel 
replacement may be considered to have 
no definite service life but may be as
sumed to be perpetually mamtamed m a 
condition as good as new, it is evident 
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that the surface must be paid for either 
out of current income or on borrowed 
money In Figure 11 an economic 
comparison between gravel and earth is 

extra annual cost of $83 29 to the county 
trunk road and according to the data in 
Figure 11 (A) will require 72 vehicles per 
day to justify the change from earth to 
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Figure 10. Economic Comparison of Cost of 
Transportation on Earth and Untreated Gravel 
for Various Trafac Volumes when Operating 
Cost Is Based on Various Factors for County 
Trunk Roads. (Construction cost of gravel = 
$1,000 per mile and maintenance cost $40 
higher for gravel roads than for earth) 

(a) Annual cost based on the twit costs on 
each surface type computed for the same an
nual mileage and age as the average mileage 
and age of the entire group of 293 cars 

(b) Annual cost based on unit cost on each 
surface type computed for the average annual 
mileage and age of cars operating exclusively 
on each surface type. 

(c) Annual cost based on unit cost on each 
surface type as computed for the cars operating 
exclusively on each surface t3rpe but Including 
also a time factor for slower rates of travel on 
earth. 

made for the same county trunk road 
as m Figure 10, except that an additional 
charge for amortizmg the investment 
over a period of 10 years with interest at 
4 percent is mcluded. This will add an 
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Figure 11 Economic Comparison of Cost of 
Transportation, including Amortization Cost, 
on Earth and Untreated Gravel for Various 
Traffic Volumes when Operating Cost Is Based 
on Various Factors for County Trunk Roads 

(a) Annual cost based on the unit costs on 
each surface type computed for the same annual 
mileage and age as the average mileage and 
age of the entire group of 293 cars. 

(b) Annual cost based on unit cost on each 
surface type computed for the average annual 
mileage and age of cars operating exclusively 
on each surface type 

(c) Annual cost based on unit cost on each 
surface type as computed for the cars operating 
exclusively on each surface type but Including 
also a time factor for slower rates of travel on 
earth. 

gravel based on a 0 6 cent per mile saving 
m operatmg cost According to the data 
in (B) a traffic volume of 12 vehicles per 
day will be required and (C) indicates 
that a traffic volume of 7 vehicles per 
day will be reqmred 
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In view of these data there seems to be 
little question but that surfacing of earth 
roads is justifiable with trafl&c of 20 or 
more vehicles per day based on savings m 
operatmg costs alone. Nor should the 
unprovement of earth and loose dusty 
gravel roads be considered a minor prob
lem because in Iowa alone there are 
still about 60,000 miles of earth roads 
and more than 30,000 miles of gravel 
roads in need of improvement At the 
same tune it should be reahzed that the 
construction of an all-weather road brings 
with it many other advantages which 
cannot be definitely evaluated, such as 
better fire protection, health protection, 
and many social, educational, and mar
keting advantages which accompany the 
improvement of rural roads. 

Economic justification of snow removal 
Not so many years ago, wmter drivmg 
in certain sections of the country was 
attempted only by a few In those days 
highway departments were in no great 
hurry to clear the roads of snow and ice 
Now, with all the improvements in cars 
which make wmter dnvmg comfortable, 
traflSc IS almost as heavy in certain sec
tions during the wmter as durmg the 
summer Snow removal has become a 
major problem for highway mamtenance 
departments While all departments are 
attemptmg to keep the roads open durmg 
heavy snows, there are no specific data 
available to mdicate the extent to which 
expenditure of funds for complete snow 
removal are justified After giving the 
matter senous thought, mamtenance 
engmeers will readily reahze that the 
costs of operation on snow bear a close 
relation to the costs of operation on 
earth roads It is frequently as easy to 
be stalled in soft snow as it is to be "stuck 
in the mud " Bucking snow drifts and 
dnvmg in soft snow consumes extra gas 
and requires extra time The data m 
Table 5 of mail earner car costs on pave
ment mdicate that the cost of gas, oil, 
and mamtenance was 0 5 cent higher dur

ing the winter than dunng the fall Now 
it is quite possible that a portion of this 
extra cost was due to the higher cost of 
operation at low temperatures, neverthe
less, dunng the winter of 1936 for which 
these records were kept, there was ice and 
snow to contend with for at least two 
out of three months Furthermore, if 
the Iowa Highway Commission had not 
been fairly prompt in removing snow from 
its pavements, there would no doubt have 
been a further increase in operating 
costs 
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Figure 12 Expense Justified for Snow Re
moval per Mile of Road Due to Saving In 
Operating Cost and Time for Various Traffic 
Volumes during the Winter Season. 

Therefore, it seems reasonable to as
sume that the extra cost of operatmg on 
snow and ice dunng the winter months is 
0 5 cent per mile, and that this is the 
amount which can be saved if the snow 
and ice is completely removed and the 
road maintained in a summer dnving 
condition 

In Figure 12 the expense justified for 
snow removal per mile of road due to 
the above savings m operatmg cost over 
a given season is given for traffic volumes 
ranging from 0 to 2,500 vehicles per day 
If the saving in operating cost of 0 5 
cent per mile is used, an amount equal to 
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$225 per year for traffic volume of 500 
vehicles per day would be justified for 
snow removal If the saving in cost due 
to the savmg in time, placed at 0 68 cent 
per mile in this study, is added to the 
savmg in operating cost, an amount 
equal to about $500 per mile would be 
justified for the 500 vehicles per day 

In amving at the justifiable expense 
for complete snow and ice removal, the 
advantages in reduced accident hazards 
and savings due to a reduction m acci
dents have not been evaluated, but an 
analysis of accident records indicates that 
a very real savmg is possible from this 
source 

It seems appropnate to pomt out that 
this study of the economic problems 
related to operatmg costs has revealed 
many ways m which the highway en
gineer can reduce operatmg costs if 
fimds are provided to make these savings 
possible There is no question but that 
umt operatmg costs have been reduced 
But at the same time, in view of the 
tremendous volume of traffic on our 
streets and highways and the many 
opportunities to cut costs, substantial 
additional reductions are possible 

However, this implies that at least 
some transfer of funds from the car owner 
to the highway department is necessary 
That this need really exists is generally 
not apparent to the mdividual car 
owners. Hence, if the highway and 
traffic engineers are to accept the re-
sponsibihty of furnishmg highway trans
portation at the lowest cost, it will be 
part of their job to inform and educate 
the pubhc along these lines In this 
way it will be possible not only to reduce 
umt operating costs but it will greatly 
enhance the utihty of the car itself 

SUMMARY 

General Description 

1. Daily records of 293 cars operated 
by rural mail earners on various tjrpes of 
road surfaces in Iowa and Indiana dur

ing the year 1935-36 were assembled 
and analyzed. 

2 The road surfaces were divided into 
three general groups referred to in this 
study as pavement, gravel, and earth 

3 The cars used were largely of the 
hght low pnced type and were considered 
fairly representative of cars used on 
farm-to-market roads 

4 The total travel for the 293 cars 
amounted to 3,094,546 miles which was 
very nearly equally divided between the 
three surface types and the four seasons 
of the year 

The average annual mileage for all 
the cars was 14,560 miles of which ap
proximately 12,550 miles were on roads 
on the carriers' routes and 2,010 miles 
on roads off the routes The average 
length of route per earner was 43 miles 

Graphical Analysis 

1 From the graphical analysis, the 
average operating cost for cars travelmg 
almost exclusively on gravel and pave
ment was 3 8 cents per vehicle mile and 
7 8 cents per mile for cars travehng al
most exclusively on earth 

2 The average cost of extra help was 
0 2 cent per vehicle mile on gravel and 
paving and 1 0 cent per mile on earth 

3 The unit cost of transportation by 
replacement of cars with horses, etc, 
when the roads were impassable to cars, 
averaged approximately 11 cents per nule 
as compared to an average cost of less 
than 5 cents per mile with the cars 

4. The trend of the curves m the 
graphical solution indicated an average 
annual mileage of 4,000 miles for cars 
operated 100 percent of their mileage on 
earth and 20,000 miles for cars operated 
100 percent on gravel and pavement 

5 The average rate of travel on the 
route dunng the year (mcluding stops) 
was about 14 0 m p h on gravel and 
pavement and about 7 0 m p h on earth 
During the summer the average rate on 
gravel and pavement was 15 4 m.ph 
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and on earth 10 0 m p h as compared 
to 12 2 m p h and 6 8 m p h respectively 
for the winter 

6 The umt cost of gas, oil and mam
tenance increased from an average of 
about I 5 cents per mile for cars with life 
mileages under 10,000 miles to 2 | cents 
per mile for cars with mileages above 
40,000 nules. A similar trend was mdi-
cated for these costs when related to the 
age of the car with the curve leveling off 
for cars 5 years old or older. 

Least Squares Analysis 

1 From the least squares solution, the 
average cost of gas, oil, tires, and mam
tenance for the year was 3 14 cents per 
vehicle mile on earth, 2 54 on gravel, 
and 1 55 on pavement 

2 The average unit cost of gasoline 
was 1 35 cents per mile on earth, 1 40 
on gravel, and 1 22 on pavement 

3 The average unit cost of oil was 0 21 
cent per mile on earth, 0 15 on gravel, 
and 0 09 on pavement 

4. The average umt cost of mamte
nance was 1 24 cent per mile on earth, 
0 61 on gravel, and — 0 02 on pavement 
using the straight hne solution After 
correctmg these costs for a curvilmear 
relationship the average unit cost of 
maintenance was 1 28 cent per mile on 
earth, 0 74 on gravel and 0 23 on pave
ment. 

5 The average cost of tires was 0 34 
cent per mile on earth, 0 38 on gravel, 
and 0 26 on pavement Tire repair costs 
averaged 0 02 cent per mile and were 
the same on all three surface types. 

6 The average gasoline mileage ob
tained on earth was 13 52 miles per 
gallon, 13 04 on gravel, and 15 02 on 
pavement 

7. The oil used averaged 113 miles 
per quart on earth, 159 on gravel, and 
264 on pavement 

8 Dunng the winter season the cost 
of gasolme averaged 1 58 cents per mile 
on earth, 1 54 on gravel and 1 50 on 

pavement, while during the summer 
these umt costs were 1 13 cents on earth, 
1 24 on gravel, and 1 21 on pavement 

9 Dunng the winter season the cost of 
maintenance averaged 1.70 cents per 
mile on earth, 0 77 on gravel, and 0 28 
on pavement while during the summer 
season these unit costs were 0 63 cent 
on earth, 0 38 on gravel, and 0 06 on 
pavement 

10 When three separate makes of cars 
less than 2 years old were considered, 
the cost of gas, oil, tires, and mamte
nance for these cars averaged 2 70 cents 
per mile on earth, 2 47 on gravel, and 
1.68 on pavement 

11 The total annual cost of operating 
the "average" car in this study (annual 
mileage = 14,560) was $702 44 on earth, 
$615 06 on gravel, and $470 94 on pave
ment, or 4 83 cents per mile on earth, 
4 23 on gravel, and 3 24 on pavement 

12 The total annual cost of operating 
an "average" car based on the above 
costs, but using a mileage of 8,000 miles 
per year as a fair average for all cars in 
the country amounted to $496 46 on 
earth, $448 46 on gravel, and $369 26 
on pavement, or 6 22 cents per mile on 
earth, 5 62 on gravel, and 4 63 on pave
ment 

13 The multiple correlation coefficient 
obtained m the least squares solution was 
0 89 for the total unit costs, 0 98 for 
gasolme costs, 0.95 for tire costs, 0 78 
for oil costs, and 0 50 for maintenance 
costs usmg a straight line relationship 
and 0 60 for maintenance costs using a 
curvilinear relationship 

Practical Applications 

1 A traffic volume of 35 vehicles per 
day will justify an investment of $1,000 
per mile and an extra mamtenance ex
penditure of $40 per year m improving 
a county trunk earth road with a gravel 
surface based on the 0 6 cent per mile 
difference in operating cost If an addi
tional charge is made to amortize this 
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investment over a period of 10 years, 
a traffic volume of 73 vehicles per day 
will justify the change 

2 A traffic volume of 7 vehicles per 
day will justify the improvement from 
earth to gravel if the factors of mileage, 
age, extra help, and travel time are 
evaluated as for the cars in this study and 
if the extra charge for amortization of 
the investment is included 

3. An expenditure of 0 50 cent per 
vehicle mile is justified for snow and icn 
removal dunng the winter months when 
the difference in operating cost alone is 
considered and 1 18 cents per mile when 
the time factor valued at 40 cents per 
hour is included 

, CONCLUSIONS 

1 The unit costs for gasolme, oil, 
tu-es, and mamtenance for cars operatmg 
on pavement, gravel, and earth as deter-
imned m this study are accurate average 
values for cars operating under the same 
conditions as those m this study 

2 Accurate cost differentials on the 
vanous surface types for such items as 
oil, maintenance, and depreciation can 
best be determined by a combined study 
of the results of long time road tests and 
life time cost records of cars for which 
the miles traveled on each surface are 
known 

3 The time factor is an important 
item related to cost which may easily be 
determmed by means of speed surveys and 
delay studies of cars on each surface for 
each season during the year 

4 A considerable increase in revenue 
for secondary roads is justified to eluni-
nate mud roads and loose, dusty, wash-
boarded gravel and macadam roads on 
which operating costs are from 1 cent 

to 8 cents per mde higher than on pave
ment or on stabihzed roads 

5 Highway departments in the north
ern states are justffied in an annual ex
penditure for snow and ice removal at the 
rate of more than $500 per mile of road 
per 1,000 vehicles of traffic per day in 
view of savings in operating cost, time, 
and the reduction of accidents resulting 
from complete snow and ice removal 

6 With umt operating costs rangmg 
from 2 cents per mile to 12 cents per 
mile for passenger cars, an average sav
ing of 1 cent per vehicle mile or a total 
annual saving of 50 million dollars in the 
state of Iowa and two-and-a-half billions 
of dollars for the country as a whole, is 
a goal worthy of the organized and well 
directed efforts of all engineers and car 
owners who control the vast expenditures 
for highway transportation 
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