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SYNOPSIS 

Operating cost records for 160 cars operated by rural mail carriers in Iowa and 
in Indiana have been assembled, summarized, and analyzed for the purpose of 
determimng the operating cost differentials for various types of road surfaces 
The data show that the average umt operating cost differentials are from 5 to 10 
times greater than the average umt motor vehicle tax contribution for the 
construction and maintenance of roads, and therefore should be considered as the 
most important factor in selecting the type of surface to be used for given 
traffic conditions 

From the detailed daily record of these cars covering every phase of operation 
such as imles of travel on each surface, rate of travel, weather, number of stops, 
load, gasoline and oil consumption, tire expense, maintenance costs, garage rental, 
license fees, taxes, insurance, depreciation, interest, and extra help The umt 
operating costs were determined for each type of surface 

From the plotted data the average cost of operation for the year-round condi­
tion was found to be about 8 cents per mile for earth or natural soil roads, 5 cents 
per mile for untreated gravel surface, and 3i cents per mile for portland cement 
concrete or bituminous macadam surfaces The operating cost was 2i cents pef 
mile less in summer than m winter for earth roads, I j cents per mile for un­
treated gravel, and 1 cent per mile for pavement The average annual travel for 
all cars was 10,919 miles, for cars operating entirely on earth roads, it was 1,500 
miles, for cars operating on gravel roads, 11,000 miles per year, and on paved 
roads it was 14,000 miles per year The average miles of route covered per hour, 
including stops, was about 14 on gravel and pavement and 8 per hour on earth 
roads for the year-round condition During the summer it was 16 miles per hour 
on paving and gravel as compared to 10 miles per hour on earth roads In the 
winter it was 12 miles per hour on paving and gravel as compared to &i miles 
per hour on earth roads If it is assumed that the value of the mail earners' time 
IS 50 cents per hour, the paved or gravel road would then provide a time saving 
2J cents per mile over the earth road for the year round condition 

In the statistical analysis, the average cost of gasoline, oil, tires and mam-
tenance for the year-round condition was 3 17 cents per mile for earth roads, 2 46 
cents per mile for gravel roads, and 1 73 cents per mile for paving The cost of 
gasoline, oil and maintenance for the winter months was 3 44 cents per mile for 
earth, 2.56 cents per mile for gravel, and 2 06 cents per mile for paving For the 
summer months these costs were 1 97 cents per mile for earth, 1 71 cents per mile 
for gravel and 1 49 cents per mile for paving 

Applying these data to determine the traffic volume necessary to justify chang­
ing from an imimproved earth road to an improved gravel surfaced road for a 
surfaced road for a typical Iowa county, it was found that 20 vehicles a day are 
required if operating costs only are considered and 3 vehicles a day if a time value 
of 2J cents per mile is added 

Cost records for 160 cars operated by Engineering Experiment Station, will 
rural mail carriers in Iowa and in Indiana serve as a pilot study for a more compre-
have been assembled, summarized, and hensive program now being planned as 
analyzed for the purpose of determining a cooperative project with the Bureau 
the operating cost differentials for van- of Public Roads to determine as nearly 
ous types of road surfaces This study, as possible the true operating cost differ-
which is being conducted by the Iowa entials for various types of road surfaces 
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Although the Iowa Engineenng Experi­
ment Station has conducted studies along 
these lines over a period of more than 
fifteen years under the direction of Dean 
T( R Agg, these studies have provided 
only partial information in regard to 
operation costs, generally covering only 
such items as tractive resistance, fuel 
consumption, and tire wear, for various 
surfaces, or covering all items related to 
operating costs for cars and trucks but 
without reference to surface types In 
many cases road tests were conducted 
only under favorable weather conditions 
and over short test courses Or in the 
case of projects where studies were made 
of cost records turned over to the Station 
by car or truck owners, practically no 
information was available to indicate the 
mileage traveled on various types of 
surfaces Accordingly, this study is the 
first comprehensive car cost study which 
has come to the writer's attention in 
which the mileage traveled on each type 
of surface is known and in which the 
cars operated practically every day of 
the year in all kinds of weather 

While it I S true that the operation of 
a car on a rural mail route is a highly 
specialized operation and should not be 
considered as typical of the operation 
of cars on all rural highways, certainly 
not on main state highways, it seems 
fair to state that this type of operation 
IS quite common on a large mileage of 
local county roads, land service roads, 
or farm-to-market roads which are in 
great need of improvement Rural mail 
service, school bus service, the collection 
and delivery of farm products such as 
milk, eggs, butter, poultry, meat, etc, 
and the country nurse or doctor service, 
all have much in common as far as the 
nature of their motor vehicle operation 
IS concerned and furthermore, they con­
stitute a large portion of the traflSc on 
these roads Stops in all of these services 
are frequent, and speeds are generally 
low, rarely exceeding 30 or 40 miles per 

hour The nature of the service in prac­
tically all cases icquiics operation eveiy 
day of the year in all kinds of weather 
Therefore, a study of operating costs for 
cars operated by mail carriers may be 
considered as fairly repiesentative of 
operation on the purely local or farm-
to-market roads That such a study is 
important becomes apparent when one 
realizes that approximately two million 
of the three million miles of road in this 
country may be included in this class 

During the past 20 years of intensive 
road building the highway engineer has 
been concerned mainly with the improve­
ment of the important state and county 
routes which carry the large bulk of 
traflBc Now that the main highways are 
practically all improved with all-weather 
surfacing, considerable attention is being 
given to extending the surfacing program 
to farm-to-market roads In certain 
eastern states, notably in Pennsylvania, 
this work has gone forward at a rapid 
pace However, in many of the midwest, 
far west, and southern states, much re­
mains to be done Funds for road im­
provement m these more sparsely popu­
lated areas are not as easily obtained as 
in the eastern states The value of road 
improvement and improved road surface 
construction is still not fully realized m 
these states Renewed emphasis might 
profitably be given to that well known 
roadbuilder's slogan "car owners pay for 
good roads whether they have them or 
not" This implies that the car costs 
on unimproved roads are considerably 
higher than on improved roads due to 
additional fuel required, extra tire wear, 
maintenance expense and other costs 
which in many cases far exceed the cost 
to the car owner in the form of extra 
taxes for improving the road 

In the case of main highways where 
the traffic volume was large, even 10 or 
15 years ago, it was easy to show that 
the savings in operating cost justified 
the improvement Refined and carefully 
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controlled studies of operating costs were 
not necessary. Today the highway engi­
neer is called on to make decisions in 
regard to the selection of surfacing im­
provements for secondary roads on which 
the traffic is much lighter and for which 
a more careful analysis of all the cost 
factors is necessary than on the main 
state highways, if a wise economic selec­
tion of the type of surface improvement 
is to be made. 

The differences in operation cost on 
stabilized surfaces, such as soil, cement, 
or oil stabilized roads, and on the higher 
types of surfaces, such as the various 
bituminous surfaces, portland cement 
concrete, brick, etc., are small and are 
difficult to measure. No attempt was 
made in this study to measure these dif­
ferences. The cars in this study operated 
largely on portland cement concrete, un­
treated gravel and on unimproved earth 
or natural soil surfaces. The differences 
in operating costs on these surfaces were 
very marked. In fact, the differences in 
the operation costs for the year round 
conditon on earth as compared to gravel 
or paved surfacing far exceed previous 
estimates. If the low annual mileage of 
cars traveling on earth roads is taken 
into account and if the time factor is 
evaluated those particular data indicate 
that a traffic volume as low as three 
vehicles per day justifies an investment 
of $1,000 per mile for road surfacing im­
provements for road conditions similar 
to those in Iowa on its local farm-to-
market roads. 

" T H E MAILS MUST GO THROUGH!" 

Road improvements on our main high­
ways are so general that many road 
users and, indeed, many highway engi­
neers too, have forgotten what mud roads 
are like. They are not aware of the many 
inconveniences, of the extra equipment 
required, and extra costs incurred on 
mud roads such as are shown in Figures 
1 to 4. Uncle Sam says, "The mails must 

go through!" and the rural mail carrier 
must take the roads as he finds them. 
The reports from a large number of 
carriers showed that special equipment 
was being used by these carriers to oper­
ate on mud roads and snow-covered 
roads which are practically impassable 
if standard equipment is used. 

In Figure 1 a special mud car is shown 
using large diameter rear wheels to per­
mit operating in the deep ruts formed 
on mud roads. The extra clearance be­
tween the wheels and the fenders pre­
vents the mud from accumulating under 
the fender to the point where it will 
interfere with the free action of the 

Figure 1. Special "Mud" Car Used in 
Jefferson County 

wheel. Tliis open type fender makes it 
easy to clean out the mud on a gumbo 
road where the mud has a tendency to 
stick to the tires and roll up in thick 
layers which must be removed with 
a spade at frequent intervals. The 
mud condition and deep ruts shown in 
Figure 2 are quite common on unim­
proved local roads throughout the mid-
dlewest today. One ingenious mail 
carrier recognized that there should be 
a close relation between mud roads and 
corrugated metal pipe. He decided that 
if the county engineer failed to use it 
effectively, then he would use it to pre­
vent being bogged down in the mud by 
clamping about a 12-inch section of the 
pipe to each rear wheel forming an ex­
tension to the wheel which would provide 
the necessary support after the tire pene-
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trated the mud to the depth of the corru­
gated metal pipe as shown in Figure 3. 
Several mail carriers reported the use 
of the special Snowmobile equipment 
shown in Figure 4. The Snowmobile 
equipment is effective both on snow-
covered and muddy roads. But it is quite 

Figure 2. High Clearance Axles in Use on 
Jackson County Roads 

Figure 3. Corrugated Metal Culvert Pipe 
Used as Wheel Extension for Deep Mud on 
Buchanan County Roads. 

evident that the operating costs for 
equipment of this type or under these 
conditions are appreciably higher than 
on improved roads with all-weather sur­
faces. Also the average speeds are very 
much lower for this equipment and on 
these roads than for standard car equip­
ment on hard road surfaces. How much 
greater these costs and the accompany­
ing delays are on earth roads than on 

all-weather surfaces is a question which 
has not been fully answered up to this 
time. The analysis of complete daily 
records of operating costs extending over 
a full year, as were obtained in the mail 
carrier reports, provides some valuable 
factual evidence in regard to those costs 
and delays. 

CAR COST STUDY REPORT FORMS 

Route and Car Descriptions 

The first step was to send out Form 1 
which was filled out by the carrier who 
agreed to furnish us with a daily record 
of all car operation items and costs both 
on and off the route for at least 12 

Figure 4. Snowmobile with Ski Runners in 
Front and Traction Belt Drive on Rear, Used 
to Combat Mud and Snow. 

months. This Form provides a com­
plete description of the route and of the 
car. 

Separate forms were made for each car 
used or for a new car if a change was 
made during the year. 

Daily Record Book 

A daily record book was sent out to 
each carrier. This book provided a daily 
record of the type shown in Form 2 for 
one full month. On the front cover of 
each book the month and the year were 
filled out by the owner, together with his 
name and address, the make, year model, 
number of cylinders and the license 
number of the car. A new book was 
started the first day of each month and 
the book for the previous month was sent 
in to the Experiment Station at Ames. 
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I t should be noted that the daily record 
was fairly easy to keep yet i t provided 
all the necessary information to conduct 
the study Thus for each day the speed­
ometer reading was given, followed by 
the temperature and weather conditions 
which were checked, the pounds of mail 
carried, the travel time including stops, 
the miles driven on route, the itemized 
expenditures such as gasoline, oil, tires, 
repairs, chains, greasing and other items 
of expense The hours of personal labor 
on the car each day were listed Re­
marks covering such items as road con­
dition, delays, detours, accidents,'extra 
help, chains used, etc, were also noted 
At the bottom of the page the miles of 
road driven off the route were classified 
according to the four road surface types 
previously defined 

On the mside of the back cover Form 
3 was provided to keep a record of tire 
mileage, the make, cost and a record of 
tire changes during the month 

Monthly Summary Sheets 
After the daily record book was sent 

in, a preliminary monthly summary was 
made and entered upon Form 4 On this 
form a careful record of the route and 
off route mileage was entered and classi­
fied as to surface type for the total 
mileage operated each month A monthly 
summary of all operation items was 
listed on Form 5 This provides for a 
summary of route and off route mileage, 
the amount of cost of gasoline used, oil, 
tire cost, maintenance costs which in­
cluded tire chains, anti freeze, washing, 
greasing, repairs, and personal labor at 
40 cents per hour, the cost of extra help, 
the miles of travel per hour (including 
stops) and miscellaneous items which 
were listed under remarks 

Final Quarterly and Annual Summary 
Sheet 

After a full year's record was com­
pleted, a final quarterly and yearly sum-

3 

mary was made for each car and entered 
upon Form 6 The quarterly summary 
covered the same items listed on the 
monthly summary Extra Help A dis­
tinction was made between extra help 
with and without the car Extra help 
with the car may generally be inter­
preted to mean that the roads were pass­
able but travel was so slow and so 
difiicult that the earner needed assist­
ance to cover the route in a reasonable 
length of time Extra help without the 
car may be interpreted to mean that the 
roads were impassable either because of 
snow or mud and that the car had to be 
replaced with some other form of trans­
portation as the use of a horse or a team 
and wagon, or of several men on foot 
from points on the route which were 
accessible 

Recorded Costs In the summary for 
the year both recorded and adjusted 
costs are tabulated The recorded costs 
are merely the sum of the costs set down 
m the daily record books Since the 
record was kept for only one year, the 
recorded cost did not provide a complete 
and accurate record from which a true 
unit cost of operation could be computed 
In many cases no records were entered 
covering such items as tire replacement, 
garage rental, insurance, depreciation, 
and interest or if such items were entered 
they were not representative of the ac­
tual cost for the 12 months during which 
this study was made In many cases 
considerable tire data were given which 
were helpful in determining the average 
tire life for'operation on various surface 
types, but this information rarely, if 
ever, was given in such a way that the 
recorded cost indicated accurately the 
cost for the year for the definite mileage 
over which the car was operated The 
records also provide information in re­
gard to depreciation since the trade-in 
value for a number of cars was given 
Unfortunately the depreciation based on 
these trade-in values generally covered 
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periods greater than that over which the 
cost records were kept In order to arrive 
at a uniform basis for comparing unit 
operating costs, adjusted costs were com­
puted for such items as tires, garage, 
insurance, depreciation and interest The 
explanation of how these adjusted costs 
were computed is given below 

Adjusted Costs The adjusted costs 
for gasoline, oil, and maintenance were 
the same as the recorded costs This was 
also true for the license fee except where 
penalties were paid, no penalties being 
included in the adjusted cost 

Tire costs were computed on the basis 
of the miles of travel on the types of 
surface over which the tires were used 
The percentage of total miles traveled 
on hard surfaced roads was calculated 
and the average life of the tires taken 
from Table 1 The average tire life 
shown in this table was determined from 
a study of the tire mileage data reported 
on Form 3 and from tire wear tests con­
ducted by the Station as reported at the 
last annual meeting^ 

The tire cost m cents per mile was 
computed on the basis of the average 
mileage per tire given m the table and 
an average tire replacement cost of $15 
per tire To obtain the adjusted tire cost 
it was only necessary to select the correct 
value for unit cost in Table 1, multiply 
it by the total miles driven, and add to 
this the tire repairs as recorded m the 
Final Monthly Summary on Form 5 

Many earners made no charge for 
garage rental To arrive at a uniform 
adjusted cost, the rental values which 
were recorded were averaged I t was 
found that $2 50 per month was close to 
the average and this figure was selected 
as a fair rental charge for rural mail 
carrier cars 

1 "Gasoline, tire wear, and coefficients of fric­
tion on various road surfaces" by R A Moyer 
andH W Tillapaugh Proc Highway Roseaich 
Board, Vol 16 (1936) 

Insurance charges were figured on the 
basis of rates at Ames, Iowa, during 
1936 The coverage included $5,000 
property damage, and $10,000 and 
$20,000 public liability The standard 
rates for fire, theft, and tornado were 
applied for cars less than 7 years old 
For cars older than 7 years, the depreci­
ated value of the cars is so low that the 
cost of insurance for fire, theft, and 
tornado is not justified 

To arrive at a fair method of deter­
mining depreciation a study was made 
of used car values for various standard 
makes of cars As a result of this study. 
Table 2 was made up showing depreci­
ated values of Iowa and Indiana cars for 
various ages from a new car to a car 7^ 
years old I t should be noted in this 
table that the depreciated value is given 
in percent of the value new for each half 
year up to 7-̂  years Beyond this age 
the depreciated value was assumed to be 
equal to the salvage value and, therefore, 
the depreciation was zero for all such 
cases When no delivered price was 
given, it was obtained by multiplying 
the list price by 1 24 for Iowa and 1 22 
for Indiana To compute the deprecia­
tion over any period, it was necessary to 
know the age of the car at the beginning 
and end of the period Thus if the car 
in question was 1 5 years old at the be­
ginning of the year and, of course, 2 5 
years at the end of the year, i t can be 
seen from the table that the depreciated 
value for such a car m Iowa would be 
51 9 percent at the beginning of the year 
and 40 5 percent at the end of the year 
The depreciation for the year is the 
difference between the two or 11 4 per­
cent of the value new I f the delivered 
price was $700, the depreciation for the 
year would be 11 4 percent of $700 or 
$79 80 

The interest charges foi all cars were 
computed using a late of 6 percent per 
annum on the depreciated value of the 
cai at the beginning of the year or frac-
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tion of the year ovei which the summary 
was made 

In the summary foi the year tlie total 
cost for each item was obtained and 
this was then reduced to a unit cost, 
that is to the cost in cents per mile, by 
dividing the total cost by the total miles 
traveled during the year The total cost 
of operation for the car was then ob­
tained by adding all of the individual 
costs A separate total was obtained for 
operation of the car not including extra 
help and also including extra help A 
third item reported was the cost of extra 
help without the car This covers the 
cost of extra help using a separate form 
of transportation required when the 
roads were impassable, and is referred 
to as car transportation replacement cost 
in this report 

ANALYSIS OF COST RECOHDS AND DISCUSSION 

OF RESULTS 

Since only a small percentage of cars 
were reported as operating exclusively 
on one type of surface, it was necessary 
to devise methods of analyzing the cost 
records which would permit isolating the 
unit costs of operation on each surface 
as accurately as possible To accomplish 
this purpose two methods of analysis were 
used, one involved plotting the cost data 
on graph paper indicating the variations 
or trends in costs as the percentage of 
travel on earth, gravel, or on paved roads 
varied, the other involved the use of the 
statistical method of least squares to 
determine the unit costs on each type 
of surface There was substantial agree­
ment in the results obtained by both of 
these methods in all cases in which the 
same basic data were used The graphi­
cal method, although lacking in accuracy, 
has the advantage of bringing to the 

. reader a fairly complete picture of all 
of the facts related to cost and this is 
the method most frequently referred to 
in the following discussion 

Comparison of Unit Costs for 160 Cms 
Using the Graphical Method 

In Figuic 5 the unit cost of operation 
foi each of the 160 cars is shown for 
varying percentages of total mileage 
traveled on earth roads as compared to 

T A B L E 1 
A V E R A G E T I R E L I F E AND U N I T T I R E COSTS FOR 
VARYING AMOUNTS OF T R A V E L ON HARD 

SURFACED ROADS 

Per cent hard 
surfaced roads 

0- 40 
40- 60 
60-100 

Average life per 
tire, miles 

18,000 
20,000 
22,000 

our tires 

0 333333 
0 300000 
0 272727 

the mileage on pavement and untreated 
gravel for the year 1936 These costs 
represent the adjusted total operating 
costs and do not include the cost of extra 
help or a charge for the driver's time 

T A B L E 2 
D E P R E C I A T E D V A L U E S OF IOWA 

AND i N D i A N i C C A R S 

Age, 
years 

Percent of value new* 
Age, 
years 

Percent of value new* 
Age, 
years 

Iowa Indiana 

Age, 
years 

Iowa Indiana 

0 0 100 0 100 0 4 0 27 3 27 8 
0 5 73 2 74 0 4 5 23 6 24 0 
1 0 59 8 60 7 5 0 20 0 20 3 
1 5 51 9 52 7 5 5 17 0 17 3 
2 0 45 8 46 5 6 0 14 0 14 2 
2 5 40 5 41 2 6 5 11 3 11 5 
3 0 35 7 36 3 7 0 8 9 9 0 
3 5 31 5 32 0 7 5 7 0 7 1 

* Value new is the total delivered price paid 
by owner — 100% 

I t should be noted that the average cost 
for cars traveling exclusively on gravel 
and paving is about 4 cents per mile 
as compared to 8 cents per mile when 
the travel is exclusively on earth roads 
The minimum cost on gravel and paving 
IS about 2^ cents per mile as compared 
to 6 cents per mile on earth and the 
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(1) Gamer. 

(2) Stioet_ 

F O R M 1 

RURAL M A I L ROUTE CAR COST STUDY 

ROUTE AND CAR DESCRIPTIONS 

Nov 1, 1935 

David R Allred R R 5 Town. 

County £2!^ State-

Des Moines 

1705 12 Iowa 

(3 ) Number of boxes on route 

(4) Miles traveled each day that route is carried 3955 

Road surface type Koute miles 
Mites bet\^een 
home and P 0 
(both \iayB) 

Total 
daily 
miles 

1 (Rigid pavements) Concrete, brick, sheet asphalt, wood 
block, gramte block, etc 17 3 20 

2 (Sem-rigid treated) Bituminous macadam, oil treated 
gravel, tarvia, etc 

3 (Surfaced but imtreated) Gravel, crushed rock, sand-
clay, shale, cmders, etc 17 17 

4 (Natural earth) Clay, loam, gumbo, sandy soil, etc 2 25 2 25 

Total 36 25 3 39 25 

(5 ) Make of car- Studebaker Sedan 

No of cylinders §_ 
List weight ?M List price ! M 

_ Year model 1525 Body style— 

Date p u r c h a s e d — ^ New or used 
(see license receipt) 

$986 50 Delivered price, new including equipment-

Actual weight with driver and average mail load §125 

Monthly rental value of garage ?L22 

(6) If you operate 2 cars, note similar information for the second car on the reverse side 

Return to 

Engineering Experiment Station 
Iowa State College 
Ames, Iowa 
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F O R M 2 
P A G E FROM D A I L Y RECORD BOOK 

RECORD FOR_ Feb 17 

Speedometer readmg, morning. 
Approx air, temperature, mommg_ 

Month and Day 
19_J2_ 

18836 
27° 

Dry, wet, ramy, quiet, wmdy, icy, snowy 
(check ones appLcable) 

Approx pounds of mail carried — 
Hours reqmred to cover route — 
Miles driven on route 

75 

45 

Itemized expenditures on this day 
Total Cost 

Gasoline, gallons. 
Oil, quarts 
Tire repair 

0 26 
0 36 

Chains 6 00 

Extra help 1 00 

Hours personal labor on car , I 
Remarks, road condition (impassable, sUppery,Vsoft, etc), delays, detours, accidents, 

extra help, V chams used, V etc 
Road icy, one mile detour on earth 

Miles driven off route by road surface types 

Concrete, brick, 
asphalt, etc 

Oiled gravel, asphalt 
or tarmacadam, etc 

Plain gravel, shale, 
crushed rock, etc 

Natural 
earth Total 

10 3 1 14 

F O R M 3 
T I R E M I L E A G E AND COST RECORD 

Senal 
No 

Mfr or 
Make Pbes Cost Wheel 

Put on Taken oS 
Total 

mileage Senal 
No 

Mfr or 
Make Pbes Cost Wheel 

Date Speedometer Date Speedometer 

Total 
mileage 

730-K Atlas 4 13 25 R F 8-14 ' 29102 
960-K ft (t L F It 
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Name_ 
R R _ 

HIGHWAY TRANSPORTATION ECONOMICS 

F O R M 4 
David R Allred No. 

J. No boxes Town Pes Momea County 
Make atudebaker Yi^ar model 3S Body Sedan 

Polk State r°wa 

Date purchased 12-20^4 
Road weight 317S 

New New or used, 
.List price 785 jjp] c o s t _ i « 6 5 0 _ _ G a r a g e rental 83oo 

No cyls ?_ 
.List weight 2880 

Surface 
tjrpo Route Home 

PO 
Total 
daily 

1 Pavement 17 00 3 00 20 00 

2 Treated 

3 Gravel 17 00 17 00 

4 Earth 2 25 2 25 

Total 36 25 3 00 39 25 

Cost Summary For Year 

Item Cost, 
t 

i per 
mi 

1 Gasolme 

2 Oil 

3 Tires 

4 Maintenance 

5 Depreciation 

6 License 20 00 

7 Garage 

8 Interest 

9 Insurance 30 00 

Total 

10 Extra help 

Total 

Total 

10 Extra help 

Total 

Total 

10 Extra help 

Total 

Miles per gallon, gas 

Miles per quart, oil 

Average speed on route 

Month 
Speedometer reading 

Correct 
mileage 

Surface mileage 
(Upper fig off route) 

Month 
Begin-
mng End Dif­

ference 

Correct 
mileage 

1 2 3 4 

Nov 
'35 16230 17627 1397 

350 
1047 

342 
534 450 

8 
63 

Dec 
'35 17627 18gS3 1206 

153 
1053 

153 
537 453 63 

Jan 
'36 18835 20004 1169 

114 
1055 

114 
538 454 63 

Feb 20004 21203 1199 
141 

1058 
141 
540 455 63 

Mar 
'36 21203 22664 1461 

374 
1087 

374 
554 467 66 

Apr 
'36 22664 24097 1433 

393 
1040 

393 
530 447 63 

May 24097 25580 1483 
523 
960 

523 
490 413 57 

June 25580 26886 1306 
423 
883 

423 
450 380 53 

July 26886 28396 1510 
470 

1040 
470 
530 447 63 

Aug 28396 29850 1454 
534 
920 

534 
469 396 55 

Sept 29850 31299 1449 
449 

1000 
449 
510 430 60 

Oct 31299 32658 1359 
285 

1074 
285 
548 463 63 

Nov 32658 34466 1808 
1054 
754 

1054 
385 324 45 

Total 
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maximum is about 6;̂  cents per mile On 
gravel and paving as compared to H i 
cents per mile on earth One reason for 
this large spread in costs between the 
minimum and maximum values is due 
to the wide variations m annual mileage 
and the age or depreciation charges 
against the car To reduce the effect of 
the wide variations m mileage and age, 
the unit costs of 98 cars operated more 
than 5,000 miles per year and with ages 
of 3 years or less (1933 to 1936 year 

The minimum cost remained the same 
but the maximum cost was raised about 
1 to 1^ cents per mile The cost of extra 
help on gravel and paving is no doubt 
due almost entirely to blizzards and the 
presence of snow on these roads while 
on earth roads the cost of extra help was 
due not only to snow but also to the mud 
condition which interfered seriously with 
travel on these roads 

The unit transportation replacement 
costs given in Figure 8 are quite variable 

A7i/eage on£:arfh f?oac/s in Percentage ofTofa/Z^iles 

Figure 5 Unit Cost of Operation (Excluding Extra Help) for Varying Percentages of 
Total Mileage Traveled on Earth Roads as Compared to Mileage on Pavement and Untreated 
Gravel for the Year 1936 

models) were plotted (Figure 6) and i t 
I S interesting to note that the average 
curve IS almost identical to that obtained 
in Figure 5 I t is to be expected that the 
differences between the maximum and 
minimum costs are less under these con­
ditions than when the cost data for all 
cars are used This is borne out by the 
data in Figure 6 

The item of extra help is shown in 
Figure 7 to have a marked effect on the 
cost for all cars for the year round con­
dition although the effect is greater on 
earth roads than on gravel and paving 
On the former i t raised the average cost 
only i cent per mile as compared to a 
V2 cents per mile increase on the latter. 

as might be expected The data are 
scattered so widely that an average curve 
probably should not be shown for these 
data C»f course, since travel by horse 
or on foot is much slower than by car, 
the costs should normally be higher as 
indicated on the graph than under con­
ditions when a car can be used Also, 
the small change in the average cost on 
gravel and paving as compared to earth 
indicated heie should be expected be­
cause with roads impassible in either case 
the type and cost of transportation re­
placement would be very nearly the same 
on the average for both types of surface 

The extreme seasonal effect is shown 
in Figure 9 in which the unit costs for 
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Nore Cars o/e/er//?on]9S3/rpoe^e/s or m^/j 
onrjua/ of more fhan Sooo r?of /nc/udecf 
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Figure 6 Unit Cost of Operation (Excluding Extra Help) for Varying Percentages of 
Total Mileage Traveled on Earth Roads as Compared to Mileage on Pavement and Untreated 
Gravel for the Year 1936. 
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Figure 7 Unit Cost of Operation (Including Extra Help) for Varying Percentages of 
Total Mileage Traveled on Earth Roads as Compared to Mileage on Pavement and Untreated 
Gravel for the Year 1936 
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/li/eage on Cor/h /^oads /n fercen/age ^ Tbfa/ Mi/eage 
Figure 8 Unit Transportation Replacement Cost for Varying Percentages of Total Mileage 

Traveled by Regular Car on Earth Roads as Compared to Mileage on Pavement and Untreated 
Gravel 
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Figure 9 Unit Cost of Gas, Oil, and Maintenance for Varying Percentages of Total Mileage 
Traveled on Earth Roads as Compared to Mileage on Pavement and Untreated Gravel for 
(a) Winter of 1935-36, (b) Summer of 1936 
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line, oil, and maintenance are given 
for all of the cars for the winter and 
summer seasons These curves show that 
the spread in unit costs is much greater 
in winter than in the summer season and 
on earth roads than on gravel and con­
crete In fact, on paved roads during 
the summer months the difference in the 
unit costs for these items of operation is 

roads The cost of gasoline, oil, main­
tenance and extra help on earth roads is 
just about double that on gravel or paved 
roads The curves in Figure 11 show 
that extra help is a factor only in winter 
and spring months on paved roads, 
whereas there is a definite extra cost 
indicated due to extra help during all 
seasons for cars operating on earth roads 

JO 40 So s o TO BO 9o lOO 

Mi/eaqe on farfhRoads in fercen/age of 7bfa/ M/leage 
Figure 10. Unit Cost of Gas, Oil, Maintenance, and Extra Help for Varying Percentages 

of Total Mileage Traveled on Earth Roads as Compared to Mileage on Pavement and Untreated 
Gravel for (a) Winter of 1935-36, (b) Summer of 1936 

less than one cent per mile while on earth 
roads, this spread is about five cents per 
mile The effect of snow and cold 
weather is evident m the unit costs for 
the winter months, the average cost on 
paving being about one cent higher in 
winter than in summer This represents 
an increase of about 70 percent due to 
the extreme seasonal effect These fig­
ures give some indication of the extent 
to which traffic profits by snow removal 

When extra help is included in the 
items of cost to bring out the seasonal 
effect as shown in Figure 10, there is 
practically no change noted in the costs 
for the summer months but there is an 
average increase of about one cent per 
mile on gravel and paving and slightly 
more than three cents per mile on earth 

Comparison of Unit Costs on Earth, 
Gravel, and Paved Roads 

Graphically 

In all of the analyses of data discussed 
up to this point, the comparisons were 
made between the costs on earth roads 
as compared with the costs on gravel 
and concrete combined This comparison 
seemed fair because the data indicated 
that the greatest differences in cost were 
those due to travel on mud roads, the 
diffeiences between gravel and paved 
roads being very much smaller The 
number of samples available to make a 
study of the direct comparison between 
the costs on earth and gravel, earth and 
paving, and gravel and paving seem 
rather small to establish definite trends. 
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Figure 11 Unit Cost of Gas, Oil, and Maintenance for Varying Percentages of Total Mileage 
Traveled on Earth Roads as Compared to Mileage on Pavement and Untreated Gravel for 
Seasons of 1936 (a) With Extra Help, and (b) Without Extra Help 

nevertheless, these data are shown in 
Figuie 12 and seem to be fairly con­
sistent with the data previously dis­
cussed The greatest difference m the 
unit cost of opeiation, according to these 
data, is that between gravel and earth 
which amounts to about 4^ cents per 
mile In the comparison between earth 
and paving this difference is reduced to 
3^ cents per mile But if the unit cost 
on earth of 8 | cents per mile, shown m 
the compaiison between earth and gravel, 
I S used as the correct cost, the difference 
between the cost on paving and earth is 
about five cents per mile The average 
difference m cost on gravel and paving 
IS shown to be about 1^ cents per mile, 
the average cost on paving being about 
3^ cents per mile as compared to 4^ cents 
per mile on gravel for the year round 
condition and not including extra help 

Using the data for these same cars 
to study the seasonal effect, i t is inter­
esting to note that the greatest spread 
in unit costs for gas, oil, and maintenance 
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IS obtained in the comparison between 
earth and gravel and the smallest differ-
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Figure 13 A Comparison of the Unit Costs 
of Gas, Oil, and Maintenance for the Four Sea­
sons on (a) Earth vs Gravel, (b) Earth vs. 
Pavement, and (c) Gravel vs Pavement. 

ence is shown in the comparison between 
gravel and paving I t is significant that 
the cost of gasoline, oil, and maintenance 
IS the same for all the percentages of 
gravel during the summer months when 
comparing costs on gravel versus costs 
on paving In other words these data 
indicate that the difference in cost on 
gravel and on paving is very slight dur­
ing the summer months 

Annual Mileage of Cars 

In the operation of any car, there aie 
certain total annual charges such as 
garage rental, license fee, taxes, insur­
ance, interest and depreciation which are 
the same or veiy nearly so, no matter 
what mileage the car is driven during 
the year Variations m annual mileage 
will, therefore, bring about correspond­
ing variations in the total unit costs of 
operation of the car A car which is 
driven a relatively low mileage during 
the year will show a correspondingly 
large increase in the unit cost of opera­
tion, whereas for a large annual mileage 
the unit costs will show a corresponding 
decrease The data in Figure 14 indicate 
a wide variation in the annual mileage 
The greatest annual mileage is shown to 
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Figure 14 Annual Mileages for 160 Cars for Varying Percentages of Total Mileage 
Traveled on Earth Roads as Compared to Mileage on Pavement and Untreated Gravel 
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be driven on gravel and paving and the 
lowest when the operation is exclusively 
on earth roads By taking the actual 
mileage records i t was found that the 
total mileage driven by the 160 cars was 
1,747,040 miles or an average of 10,919 
miles per car Of this average 3,516 
miles were on paving, 3,789 on gravel, and 
3,614 on earth roads However, taking 
the trendŝ  as indicated by the average 
curve in Figure 14, the average annual 
mileage of a car operated exclusively on 
earth roads was only about 1,500 miles, 
on paving 14,000 miles, and on gravel a 
separate study indicated the mileage to 
be about 11,000 miles annually 

The differences in the annual mileages 
on earth, paving, and gravel account in 
part for the large differences in the unit 
cost of operation The graphical data 
show that the difference m the total unit 
cost on gravel or pavmg and on earth is 
about 4;J: cents per mile whereas the dif­
ference in the cost of fuel, oil, and main­
tenance IS only about 2^ cents per mile 
This 1^-cent increase shown by the aver­
age curve is due to the low annual mile­
age on earth as compared to the mileage 
on gravel or paving, and to the higher 
average age of cars traveling on earth as 
compared to giavel and paving 

Age of Cars 

The ages of the cars driven over the 
various types of roads had a variable 
effect on the unit cost of transportation 
because a higher rate of depreciation is 
charged against new cars than against 
older cars From the records m Form 1, 
the average age of all cars was found to 
be 2 years and 3 months The average 
age of cars operated on pavmg and 
gravel was founS^ to be 1 year and 1 
month and for cars operated on earth 
roads 4 years and 3 months Since the 
rate of depreciation is much lower for 
cars operated on earth, i t will be seen 

that the highci unit cost on eaitli load 
due to the low annual mileage on earth 
will be offset in part by the lower unit 
cost for the item of depreciation While 
it IS quite logical to expect that older 
cars should be driven on earth roads and 
that the annual mileages on earth should 
be lower than on gravel or paving, i t 
seems fair to state that in comparing 
unit costs greater weight should probably 
be given to the fact that the annual 
mileage may be low on earth roads than 
that the average age may be high be­
cause under certain weather conditions 
it IS very diflScult to travel large mileages 
whereas the age of the car is not so 
affected 

Average Rate of Travel on the Route 

While the rate of travel did not enter 
directly into the unit cost computations, 
it IS an important factor which should 
not be overlooked The rate of travel on 
the route is shown in Figure 15 The 
average rate of travel should not be con­
fused with the average speed because 
the former is based on the entire time 
required to cover the route including 
stops and does not give a direct indica­
tion of the average road speed The 
average curve for the rate of travel shows 
a definite rate of decrease as the mileage 
on earth is increased The average rate 
is about 4 miles an hour slower m winter 
than during the summer months The 
average rate of travel on earth is about 
8 miles per hour as compared to 14 miles 
per hour on gravel and paving 

The most significant use which can be 
made of these data is that these differen­
ces in the rates of travel represent a real 
time saving value to the mail carriers 
Thus, if the low value of 50 cents per 
hour were to be used to represent the 
value of the average mail carrier's time, 
then for these particular data the car­
riers opeiating on gravel or paving would 
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have a time saving advantage equal to 
2 | cents per mile A 60 mile route on 
earth would require 7^ hours on an aver­
age day as compared to about ^ hours 
to cover the same distance on gravel or 
paving For differences as large as this 
there can be little doubt but that the time 
saving factor provides a real economic 
advantage for the gravel or paved road 
over the earth road for operations of the 
mail carrier type 

which were used in obtaining adjusted 
costs in the graphical solution 

Using the average annual mileage of 
10,919 miles and the standard fixed 
charges or overhead costs previously es­
tablished, the total unit cost of opera­
tion for the year round condition will 
then be 4 82 cents per mile on earth, 4 11 
cents per mile on gravel, and 3 38 cents 
per mile on paving I f the average age 
of the cars on earth is increased to 4 
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Figure 15 Average Miles of Route Covered Per Hour, Including Stops, for Varying Per­
centages of Total Mileage Traveled on Earth Roads as Compared to Mileage on Pavement 
and Untreated Gravel Surfaces 

Statistical Analysis by Method of Least 
Squares 

The comparative costs of gasoline, oil, 
and maintenance for earth, gravel, and 
concrete were computed by the statisti­
cal method of least squares to be 3 17 
cents per mile, 2 46 cents per mile, and 
173 cents respectively for the entire 
year, 3 44 cents per mile, 2 56 cents per 
mile, and 2 06 cents per mile for the 
winter months, and 1 97 cents per mile, 
1 71 cents per mile, and 1 49 cents per 
mile respectively, for the summer months 
These results are based on the actual 
recorded costs and are not adjusted for 
mileage, age, or any of the other factors 

years and 3 months and the annual mile­
age reduced to 1,500 miles per year, the 
total unit costs on earth will then be 9 23 
cents per mile, which is slightly higher 
than the cost obtained in the graphical 
solution The unit cost of operation on 
earth might quite properly be further 
inci eased by about f cents per mile for 
extra help and 2§ cents per mile as a 
time factor representing the money value 
of time saved on gravel or paving over 
travel on earth for this particular group 
of drivers The extrei6e average differ­
ence in the cost of operation on earth as 
compared to paving is therefore about 
9^ cents per mile for the year round con­
ditions, while a conservative difference 
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IS 1̂  cents per mile if only the savings in 
gasoline, oil, tires and maintenance are 
considered 

APPLICATION OF U N I T OPERATING COST 
DATA TO A STUDY OF ECONOMIC COM­

PARISONS OF E A R T H AND GRAVEL 
ROAD SXniFACES 

The purpose of determining the unit 
operating costs for various road surfaces 
IS mainly to make it possible for the en-
gineei to select the types of surface con­
struction which will furnish transporta­
tion at the lowest cost The amount of 
money which the engineer is justified in 
spending for load surface construction 
depends quite laigely on the volume and 
type of tiafiBc opeiating on the road If 
the ti affic is light, the road will of neces­
sity be a low cost type but if the trafi5c ex­
ceeds 100 01 200 vehicles a day a more 
costly or higher type of constiuction will 
geneially be necessaiy to piovide the 
most satisfactory tiansportation service 
at the lowest cost The solution of the 
problem of determining the traffic vol­
umes required before the change from 
one suiface type to a higher surface type 
is justified IS not an easy one because 
reliable and accurate cost data have not 
been available Since the data in this 
report have provided for the first time 
some definite information concerning the 
detailed costs of operation on unim­
proved earth roads as compared to gravel 
loads, a general solution of this problem 
to indicate when the engineer is justified 
to improve an earth road with a gravel 
surface seems to be an appropriate part 
of this report The following solution 
applies particularly to roads m the 
middlewcst on which the rural mail, the 
school bus, and similar types of service 
lequiiing daily operation in all kinds of 
weather, constitute the bulk of the traffic 

In making the economic comparison of 
earth and giavel roads, the total annual 
tiansportation cost per mile of road for 

varying volumes of traffic was computed 
using the following formula 

Total annual transportation cost per 
mile of road = Annual maintenance 
cost per mile+annual depreciation per 
mile + annual interest per mile -|- annual 
motor vehicle operating cost per mile 

Although the maintenance and depreci-
ati9n costs for various surface types vary 
depending on the volume of traffic, the 
traffic in this case will be assumed to be 
so light (from 0 to 50 vehicles a day) 
that the differences in maintenance and 
depreciation can be neglected Recent 
annual reports of county engineers in 
Iowa have indicated that $75 00 per mile 
is a fair average maintenance cost for 
local county earth roads and $100 00 per 
mile for gravel roads This latter charge 
may be assumed to include an allowance 
for gravel replacement to keep the sur­
face perpetually as good as or better than 
new In Iowa it is generally true that 
county gravel roads require less bladmg 
or similar maintenance than do earth 
roads to keep them in a smooth service­
able condition 

For the natural earth surface no charge 
for depreciation or interest is necessary 
In the case of the gravel road the de­
preciation charge is included in the main­
tenance charge An interest rate of 4 
percent was charged on the investment 
which for this solution was assumed to be 
$1,000 00 per mile Many Iowa local 
county roads have been gravel surfaced 
for considerably less than $1,000 00 per 
mile, but this seems to be a fair and 
convenient figure to use m solving this 
problem While a lower interest charge, 
or m fact no interest charge, might be 
recommended by some engineers, the re­
sult would be changed only slightly The 
higher interest charge for the larger in­
vestment requires more traffic to justify 
the investment and thus is on the con­
servative side in reaching a decision 



74 HIGHWAY TRANSPORTATION ECONOMICS 

In raakiii}; the economic compaiisons 
shown in Figure 16, thice diffcient values 
of unit operating cost weie used In 
Figure 16a the same avciagc annual 
mileage and the same aveiage age was 
used for cais operating on gravel as foi 
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Transportation on Earth and Untreated Gravel 
Surfaces for Traffic Volume up to 50 Vehicles 
Per Day when (A) Cost Is Based on the Aver­
age Annual Mileage and Car Depreciation for 
Cars Operating on All Surfaces, (B) Cost Is 
Based on Actual Annual Mileage and Car 
Depreciation Determined from Car Data on 
Each Surface, and (C) Cost Is Based on 
Actual Annual Mileage and Car Depreciation 
and Including also a Time Factor for Slower 
Rates of Travel on Earth 

the cars operating on earth The unit 
cost on earth in this case was 4 82 cents 
per mile and on gravel 411 cents per 
mile, the higher cost being due to in­
creased gasoline, oil, tire and mainte­
nance costs on earth than on gravel 
In Figure 16b the cost on earth was in-

cieabcd to 9 23 cents pci iiiilc which 
lepresents an adjusted cost based on the 
lower annual mileage, the greater aveiage 
age, and the higher cost of extra help on 
earth than on giavel as determined from 
the mail carrier cost records In Figure 
16c the cost on earth was further in­
creased to 11 90 cents per mile, the addi­
tional increase being the 2f cents per 
mile time factor which it was shown is 
the value of time saved by traveling on 
gravel instead of earth if the driver's 
time IS assumed to be worth 50 cents 
per hour 

The curves in Figure 16c show that a 
traffic volume of 25 cars per day will 
piovide sufficient savings in gasoline, oil, 
tires, and maintenance when operating 
on gravel instead of earth roads, to jus­
tify the $1,000 investment and the $25 00 
per year extra maintenance required to 
build and maintain the gravel road It 
should be noted that the small differ­
ence of 0 7 cents per mile in operating 
costs on gravel and earth is sufficient to 
justify this improvement with only 25 
vehicles per day If the total costs of 
operation on earth and gravel as deter­
mined in this study are used, the curves 
in Figure 16b indicate that a traffic vol­
ume of 4 vehicles per day justify the 
change from earth to gravel And if the 
value of time saving is added, a traffic 
volume of 3 vehicles per day will justify 
the change 

Now, of course, anyone familiar with 
studies m economic comparisons will 
know that while savings of one cent per 
mile and of 5^ or 8 cents a mile will 
justify the changes indicated above, there 
is no actual saving unless the traffic vol­
umes are greater than those indicated or 
unless additional benefits, which cannot 
be evaluated, result from the changes 
That the latter is generally accepted to be 
true IS conceded by persons familiar with 
this situation 

There is another very real and very 
practical question which must be met, if 



MOVER—OPERATING COSTS 75 

the findings of such studies as this are to 
be put into effect That is, although the 
engineer can show that savings in op­
eration cost of 1 cent per mile or 5^ or 8 
cents per mile are possible, he still is 
confronted with the problem of collect­
ing the 1 cent per mile or the 5^ oi 8 
cents per mile tax to pay for the improve­
ments which make these savings possible 
The uninformed car owner m the rural 
areas in many cases will prefer to pay a 
"mud tax" in small amounts daily or 
weekly than to pay the large road tax, 
gas tax, or license fee needed for road im­
provements which will bring returns far 
exceeding the tax charged against the 
car owner The average motor vehicle 
tax in Iowa and in the United States as 
a whole is easily less than ^ cent per mile 
and yet the savings or benefits derived 
from this tax, or service charge as it more 
properly should be called, far exceeds 
the ^ cent tax per mile It is doubtful if 
a satisfactory tax plan can be devised 
which will make it possible to collect a 
use tax or vehicle tax as large as 1 cent 
per mile and certainly not as large as 
5^ cents or 8 cents per mile The fact 
still remains that unless a satisfactory 
plan can be found for financing road im­
provements of this type, car owners will 
continue to pay a "mud tax" on earth 
roads They will pay for road improve­
ments which were never built Nor will 
car owners living along side of earth 
roads enjoy the fire protection, the health 
protection, and the social, educational, 
marketing and other advantages which 
follow in the train of road improvements 
in which the rural-home is made acces­
sible m all kinds of weather 

In the mid west states, the secondary 
load improvement situation has not yet 
reached the stage where the engineer is 
concerned with improvements justified 
by a tiaffic of 5 vehicles per day, but 
there are thousands of miles of roads in 
Iowa alone on which the traffic ranges 
from 20 to 50 or more vehicles per day 

for which basic information of the type 
sought in this kind of study will be very 
useful m selecting surface improvements 
and maintenance methods providing sat­
isfactory transportation service at the 
lowest cost 

SUMMARY AND CONCLUSIONS 

While this report is intended as a 
progress report and the work is to be con­
tinued, it has progressed far enough to 
warrant the presentation of the follow­
ing summary and conclusions 

1 The average annual mileage for the 
160 mail earner cars was 10,919 miles, 
thereby providing 1,747,040 miles of 
travel for which complete cost records 
weie available for study 

2 From the plotted data, the average 
cost of operation for the year round con­
dition was 8 cents per mile on earth, 5 
cents per mile on gravel, and 3-̂  cents per 
mile on pavmg 

3 The average operating cost was 2^ 
cents per mile less m summer than in 
winter for earth roads, 1̂  cents per mile 
less for gravel, and 1 cent per mile less 
for paving 

4 Expenditures for mud elimination 
and snow lemoval are amply justified if 
the traffic volume exceeds 25 vehicles 
per day 

5 The plotted data indicated an aver­
age annual mileage of 14,000 miles pei 
year on paving, 11,000 miles per year on 
gravel, and 1,500 miles per year on earth 

6 The average miles of route covered 
per hour, including stops, was 14 on 
gravel and paving and 8 on earth roads 
foi the year round condition During the 
summer it was 16 miles per hour on pav­
ing and gravel and 10 miles per hour on 
earth During the winter months, it was 
12 miles per hour on paving and gravel 
as compared to 6-̂  miles per hour on 
earth 

7 The time value of paved or gravel 
roads over earth roads for these data is 
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2§ cents per mile if the carrier's time is 
worth 50 cents ,per hour 

8 Extra help increased the average 
cost of operation on gravel and paving 
^ cent per mile and on earth 1^ cents per 
mile 

9 The average transportation replace­
ment cost (for horses, teams, or men on 
foot) was from 50 to 100 percent higher 
when the roads were impassable than the 
average car operating cost when the roads 
were passable 

10 The average age of the 160 cars was 
2 years and 3 months The average age 
of cars operated predominantly on earth 
was 4 years and 3 months and on gravel 
and paving 1 year and 1 month. 

11 In the statistical analysis using the 
method of least squares, the average cost 
of gasoline, oil, tires, and maintenance 
for the year was 3 17 cents per mile on 
earth, 2 46 cents per mile on gravel, and 
1 73 cents per mile on paving 

12 The cost of gasoline, oil, and main­
tenance for the winter months was 3 44 
cents per mile on earth, 2 56 cents per 
mile on gravel and 2 06 cents per mile 
on pavmg, while for the summer months 
it was 1 97 cents per mile, 1 71 cents per 
mile, and 149 cents per mile, respec­
tively 

13 A traffic volume of 25 vehicles 
per day will justify an investment of 
$1,000 00 per mile and an extia annual 
maintenance expenditure of $25 00 per 
mile m improving an earth road Mith a 
gravel surface based on the saving of 

0 7 cents per mile m opeiating cost on 
gravel as compared to earth indicated in 
the cost records of the 160 cars studied 
m this report 

14 A trafiBc volume of 3 vehicles per 
day will justify the improvement from 
a natural earth to a gravel surface if the 
annual mileage factor, the average age 
of car, extra help and the time factor are 
evaluated according to the cost data of 
these particular cars 

15 The cost data indicate that a radi­
cal change in our highway taxation and 
financial policies for secondary road im­
provement IS needed if it is desired to 
eliminate the "mud tax" which persists 
on our local county and faim-to-market 
roads 
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D I S C U S S I O N ON O P E R A T I N G COSTS 

P R O F R L MORRISON, University of 
Michigan I believe that the widest pos­
sible publicity should be given to direct 
savings to motorists because of highway 
improvement The motor vehicle owner 
IS continually being told what large taxes 
he IS paying but very little is said of the 
savings resulting from the road improve­
ments which the taxes make possible 

If it costs 1-̂ - cents pei mile more to 
travel on gravel than on a pavement, 
then the gravel road collects a tax equiva­
lent to about 22 cents per gallon of gaso­
line, or more than thiee times as much 
as any state collects In other words, as­
suming that he gets 15 miles per gallon 
of gas, for every 15 miles he travels on a 
pavement the motorist pays from 2 to 7 
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cents gas tax to the state, depending upon 
what state he is m, but for 15 miles on a 
gravel road he also pays an additional 
22 cents, or more, for added gasoline con­
sumption, tire wear, etc 

M R F R E D L A V I S , Consulting Engineer: 
I can only emphasize what Professor 
Morrison has said about the difficulties 
of getting people generally, and even 
some so-called experts, to appreciate the 
importance of these cost studies It is 
probably not necessary to preach this 
doctrine to this audience as I expect you 
all appreciate it I do think, however, 
that it IS desirable not only that we our­
selves realize the economic importance of 
this matter but that we should also dis­
seminate the knowledge and preach its 
importance to laymen in such a way 
that it will be appreciated by them also 

One of the first studies of this kind was 
made in connection with the layout and 
design of what is now Route 25 New 
Jersey, between the Holland Tunnel and 
Elizabeth—one of the earlier so-called 
super-highways There we attempted to 
evaluate the effect of the location, of rise 
and fall, rates of gradient, curvature, loss 
of time, etc , on the operating costs of 
vehicles The general publi6, however, 
was not interested m this The talk about 
saving a cent a vehicle mile, or that the 
loss of a minute in time was valued at 
a tenth of a cent, or what ever the values 
may have been, did not appeal to them 
Even when multiplied by 10,000,000 or 
15,000,000 vehicles a year it was thought 
to be a purely theoretical engineering 
calculation which did not affect any in­
dividual They could not visualize the 
losses of these small sums of money 

In speaking at various public meet­
ings, however, I recall two illustrations 
which seemed to be appreciated This 
was before the construction of the Hol­
land Tunnel and the femes between New 
Jersey and New York were always con­
gested at week-ends and holidays There 

were often long queues of vehicles waiting 
to get on the ferries and I suggested that 
if a man in a car were waiting at the rear 
end of one of these long lines, and some­
one offered for, say, half a dollar, to let 
him go forward to the front of the line, 
he would gladly have paid the amount 
H I S time or his convenience, or his plea­
sure was, therefore, worth something—it 
had some money value 

At another meeting i n the City of 
Newark we were explaining that the con­
struction of this by-pass highway would 
relieve the congestion m the streets of 
that city and, among other things, per­
mit easier access to the stores for shop­
ping, etc The meeting had been ad­
dressed by representatives of various 
social societies, the Elks, Lions Clubs, 
etc, when a farmer from out of town 
arose and said, while I don't belong to 
none of these yere animal clubs, I want 
to say it would be a fine thing if some of 
us could get here in town without its 
taking a whole day to buy a shirt 

Not long ago a Professor m one of our 
universities, who has a good deal to do 
with teaching transportation, expressed 
some skepticism over these "fine spim 
theories" but if they are applied with 
reason, they may be a very valuable 
guide in the economic design of some of 
our more important highways, costing 
$500,000 a mile and more, which affects 
foi many years the operating costs of 
many millions of vehicles. 

M R T W NoRCROSS- U S Forest Ser­
vice The importance of reductions i n 
the cost of vehicle operation should n o t 
be minimized But there are other values 
and savings which are infrequently men­
tioned and which are of real importance 
For instance the value of the savings in 
ti avel time resulting from traveling over 
a better and higher standard road This 
saving, especially on a business road, 
frequently greatly exceeds the savings 
in operation cost of vehicles In fact for 
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many classes of road use, the travel time 
IS a good measure of the service value of 
the road But there are other savings re­
sulting from better transportation and 
these cannot be adequately evaluated by 
the amount or speed of traffic These 
arise through the service rendered to the 
protection, development and utilization 
of resources—agriculture, mining, power, 
timber, etc I will give one illustration 
Up until the past few years the regular 
established practice of stockmen at the 
end of the grazing period was to drive 
the sheep over a road or stock driveway 
to the market or railway shipping point 
Not only were the services of several 
herders required but the time required 
was great, the sheep lost much weight 
during their arduous and slow journey 

of several days, feed along the route 
was seriously reduced, road banks were 
broken down, ditches and culverts 
clogged and finally when the journey was 
finished, it frequently developed that the 
market price was not as favorable as a 
few days earlier Now, to a greater and 
greater extent, trucks are being used 
The stockman determines the market 
price by radio, phone or newspaper 
When he is satisfied that it is the right 
time for him to sell, the sheep are loaded 
into trucks and within a few hours are 
delivered in prime condition at the mar­
ket or shipping point Measured by vol­
ume of traffic, the service value of the 
road is of little consequence But mea­
sured by the money savings of each truck 
load, the road is of high value 




