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SYNOPSIS

Changes of the last five years 1n the design of vehicles, in the con-
struction of low-cost treated roadway surfaces, and 1n the character
of vehicle traffic have made 1t desirable to revalue the factors pre-
viously used to estimate the relative costs of operating vehicles on
various surfaces The operating cost 1items considered are fuel, o1l,
tires, maintenance, depreciation, msurance, and time

Since but few fuel consumption data are available for the present
types of cars and trucks, particularly in connection with the newer
types of surfaces, 1t 1s desirable to determine fuel consumption curves
for typical vehicles on all common surface types In no previous
research have weather and mamtenance conditions been taken into
consideration sufficiently to make possible accurate estimates of year .
around values of the cost factors

The speed of traffic on various types of roadway surfaces and' the
character of the traffic should be taken into consideration in deter-
mining relative vehicle operating costs The time factor, for which
no data exist, should be applied to compensate for the difference 1n
speeds Speed particularly affects fuel, o1, and tire costs

Tire costs per mile have been reduced greatly in recent years
through the improvement of tires and surfaces and hence there are
no test results available which can be applied to existing conditions
Vehicle maintenance and depreciation have heretofore been assumed
Some mndication of the trend of these costs should be secured by the
observation of vehicles operating on more or less regular schedules
on selected types of surfaces Oil costs are known tp vary with
speed, but are probably independent of the surface

A few vehicle cost records are presented which indicate that the
typical car 1s operated 1n the mid-west for 5 cents a mile, but no
conclusion 1s reached for particular classes of roadway surfaces,
since existing data do not permit of rehable estimates

Any differences 1n the cost of operating a motor vehicle over different
level roadway surfaces should be manifest 1n the following cost 1tems.
23
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1 Fuel . 5 Depreciation
2 Engme ol 6 Accident insurance
3 Tires and tubes 7 Time

4 Mantenance

It 1s the purpose of this paper to indicate the extent that these cost
items may be evaluated on the basis of existing information for different
classes of roadway surfaces and to suggest future studies which will
permit of estimates of motor vehicle operating costs on definite classes of
surfaces more reliable than those possible with existing information
New studies are necessary because of the recent material changes 1n
vehicle design, types of roadway swifacing, and character of traffic, and
because many thousand miles of roads are yet to be improved

DISCUSSION OF COST FACTORS AND LITERATURE
Fuel Consumption and Power Requirements

Because of the variabihity of gasoline consumption, previous investiga-
tors have found 1t more suitable to measure tractive resistance, rolling
resistance, or driveshaft horsepower than fuel consumption 1n tests to
determine the relative fuel consumption or power requirements of road
surfaces Roughness of the surface and bearing friction affect the rolling
resistance as speed nereases, but otherwise rolling resistance seems to be
independent of speed, and dependent upon tire characteristics, tempera-
tures, and surface conditions  Except for the roughness factor, relative
tractive resistances, determined under the same test conditions, remain
the same for a group of surfaces 1egardless of the speed If power
requirements are used to determine the relative fuel consumption of
road surfaces, corrections must be made for the change 1n engine effi-
ciency with load changes

Power requirements have been measured by the deceleration method
using a space-time recorder, by coasting down grade, and electrically,
results being given for specific temperatures, tire equipment, and
vehicle weight and design A summary of the results of the mamn
American investigations 1s given in Table I, the relative index of power
requirement 1n each case being expressed as a ratio to the value obtained
on average portland cement concrete It 1s reahzed that the value for
average concrete may not have been chosen for equal surface charac-
teristics 1n all of the mnvestigations, and that the relative values may be
in error. Since*the mvestigations were carried on with different types
of vehicles and tire equipment, and since some results are in tractive
resistance and others i driveshaft horsepower or rolling resistance,
comparisons are more easily made 1if the results are reduced to a common
base The rather satisfactory agreement of the ratios in Table I, how-
ever, indicates that in general the relative power requirements for the
classes of surfaces histed are as shown It should be noted that the ratios
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TABLE I
SumMMARY OF PowER REQUIREMENTS OF RoAD SURFACES
Agg* Aggt Paustiant Shaw§ 1:{1_0_3.!'
Relative index of power requirement expressed as a ratio to
Surface and Class the value obtained on averaze portland cement concrete
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Class I Rigid Pavements

Concrete, average 1 00{1 00f1 00f1 001 00{1 001 001 00{1 001 00{1 00
Concrete, very good 0 82(0 84/0 90

Concrete, rough 1 11{1 091 08{1 311 27{1 03{1 021 03

Concrete, good, wet 1 15(1 111 08

Asphaltic concrete, best [0 93/0 94/0 95
Asphaltic concrete,average {1 00[1 00[1 00
Bituminous concrete 1 00{1 90
Bitulithie, fair to good 1 041 16(1 15/0 92|10 95
Sheet asphalt, best 0 85[0 88/0 90
Sheet asphalt, average 1 111 09{1 08 1 04|1 03
Sheet asphalt, rough 1 311 43
Rock asphalt, good,

smooth 1 091 03[0 98
Penet macadam, soft seal

coat 1 181 141 11
Brick, bit filled, average (0 96/0 970 97 105
Brick, grout filled, average (1 11{1 19(1 150 97(0 97
Brick, grout filled, rough 1 26(1 10

Class II Treated Surfaces
Bituminous o1l mat, good
Brtuminous mulch, good
Bituminous retread, good
Bituminous gravel, good
Bituminous gravel, fair
Bit gravel, poor, rough 48
Tar gravel, good 28 22
Sand-asphalt 1 151 11
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Class IV Untreated Gravel
Gravel, good, claybound (1 30|1 25
Gravel, poor to fair 1 85|1 72
Gravel, rough, loose spots (2 07|1 87
Gravel, yearly average 1 67]1 56
Gravel, frozen, fair 1 25(1 23
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05(1 31{1 27{1 18 142
30

— =
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* Agg (2) Space-time recorder, high pressure cord tires

t Agg (3) Space-time recorder, Dodge touring car, weighing 2720 pounds,
balloon tires, 31 x 5 25

1 Paustian (35) Gas-electric drive test car weighing 6300 pounds, 33 x 6 75
inch balloon tires

§ Shaw (38) Electric drive truck

** Moyer (31) Standard Studebaker 1932 coupe Space-time recorder
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TABLE I—Concluded

Agg® Aggt Paustiant Shaw} ng:’.’ﬁ'
Relative index of power requrement expressed as a ratio to
Surface and Class the value obtained on average portland cement concrete
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Class IV Untreated Gravel
Continued
Gravel, soft, cutup 1 49|1 46
Gravel, wet, packed 2 16|1 86|1 72
Gravel, wet, well-packed 1 34|1 36|11 39
Class V  Natural Earth !
Surfaces
Towa earth, good
Iowa earth, yearly average
Iowa earth, rough 1 541 38
Dart racetrack, smooth 1371 44

1 15(1 17
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generally decrease with speed, indicating that air resistance overshadows
rolling resistance at the higher speeds General average ratios may be
assigned as follows, using the classification of surfaces as recommended
by Paustian %

Relative Index of Power

Requirement Ratio to
Portland Cement

Concrete

Class I Rigid pavements

Excellent condition, clean, smooth, no waves 0 90

Average condition, smooth 1 00

Fair to poor condition, wavy, tough 115
Class II Treated surfaces

Best condition 110

Average good condition 115

Fair to poor condition 125
Class III Nonskid, treated surfaces

No data available —
Class IV Untreated surfaces

Best gravel surfaces 120

Average gravel, loose and soft at times 130

Poor gravel, rough, loose, soft 150
Class V Natural earth surfaces

Best condition, dry, hard 120

Average, good to fair condition 145

Poor, soft, rough 170

There are not sufficient test 1esults available to warrant closer approx-
imations than these, particularly for year around averages To make
possible the determination of the power requirements of surfaces within
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each of these five classes and to arrve at closer values, test data are
needed on more surfaces of each type and over a greater range of weather
and maintenance conditions and for new model vehicles of about 3,000
Ib, gross road weight
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Figure 1. Gasoline Consumption and Driveshaft Horsepower Curves on Differ-
ent Classes of Road Surfaces for the Gas-Electric Test Car Used by Paustian.®

To 1illustrate the use of the power requirement and fuel consumption
data m calculating vehicle operating costs, the works of Paustian®
and Moyer® will be discussed Figure 1 gives average driveshaft horse-
power and gasoline consumption curves for Paustian’s test car on Class
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I, II, IV, and V surfaces Figures 2 and 3 give similar curves for the
Studebaker car used by Moyer

Examination of Table II, columns (1) to (9), shows that the ratios
of the rate of fuel consumption on Classes II, III, and V to those on
Class I are much greater for the 6,300-1b gas-electric drive Cadillac than
for the standard Studebaker A sumilar relation 1s found for the power
requirement ratios, but these ratios for both cars are materially greate:
than the fuel consumption ratios, except for the Cadillac car at 45 miles
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Figure 2. Gasoline Consumption Curves for the Studebaker Test Car® on Var-
jous Surfaces.

an hour, at which speed the fuel and power ratios are almost the same
The gas consumption curves for the Cadillac gas-electric test car are
rather flat, with the mimmum consumption near 35 miles an hour, as
contrasted with steeper curves for the average vehicle with the eco-
nomical speed between 10 and 25 miles an hour

This portion of Table II shows that the relative fuel consumption of
vehicles 1s dependent upon speed, and that if driveshaft horsepower or
tractive resistance 1s used as a measure of fuel consumption, engine
efficiency must be taken into consideration The table further shows
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that the fuel consumption index and the power requirement index are
dependent upon the characteristics of the vehicle

Since speed definitely affects the fuel consumption index for the several
classes of surfaces, 1t should be enhghtening to determine the indexes at
average road speeds for each class of surface

There 1s not sufficient material available from which to determine
average speeds on these classes of surfaces, but the following averages
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Figure 3. Tractive Resistance of the Studebaker Test Car® on Various Sur-
faces Obtained by Coasting at Constant Speed on Various Uniform Grades.

for passenger cars give an indication of relative values Obviously the
condition of the surface, weather, and character of traffic (through or
local) affect speeds

Traffic speed counts indicate that the average speed in miles per hour
(day tume and good weather but not necessarily the best surface condi-
tions) of automobiles 1s as follows
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Moyern? Lyon? Grecenshields® Winfrey Assumed

average
Class 1 44 0 43 3 47 8 519 45
Class I1 — — 41 3 41 8 40
Class IV 355 398 326 43 7 35
Class V — — — — 30

If the values for driveshaft horsepower and fuel consumption are
taken from Figures 1 to 3 for these average speeds, the relative ratios
for the two cars are as shown 1n columns (10) to (14), Table II

For the speeds selected as average, the fuel ratios for the Cadillac are
In the same order and about the same as those computed for 35 miles

TABLE II

FuerL CoNsuMPTION AND POWER REQUIREMENTS FOR FOUR SURFACE CLASSES
AND Two TesT CaRs ‘

Basis of equal road speed
Basis of average road speeds
35mph 4mph
Type of Road Gasol Drnive- Gasol Dnve.- Gasol Dnive-
PAN | g | | S | BT | | G |
tion power® tion power g tion power®
mos| 12 o | 35 mosl B[ no [ | B [mos] o ne [ B
m @ |® || ®| ®|o|e|o|w|a o]
Cadillac gas-electric test car, Paustian®
Class 1 13 75(1 00{13 0|1 00|13 05|1 00|21 5|1 00| 45 |13 05/1 00|21 5{1 00
Class II 12 70(1 08i15 4|1 18|11 65|1 12|24 2|1 12( 40 {12 30]1 06{19 5[0 91
Class IV 11 30|1 22{19 1|1 47(10 35|1 26(28 5|1 32| 35 (11 30|1 16{19 1j0 89
Class V 10 05{1 31{21 5|1 65| 8 85|1 48|31 2|1 45 30 {10 15|1 29{16 50 77
1932 Studebaker Standard Coupe, Moyer3!
Class 1 16 65{1 00|54 4|1 00{15 10|1 00|77 7|1 00| 45 |15 10|1 00{77 7|1 00
Class II 16 25{1 02{58 2|1 07|14 75|1 02(81 41 05| 40 |15 55/0 97{69 2|0 89
Class IV 15 85(1 05|61 0]1 12114 25{1 06(84 0|1 08| 35 |15 85/0 95|61 0|0 78
Class V 30

* Tractive Resistance, pounds per ton, for the studebaker car

an hour on all surfaces The ratios, however, for driveshaft horsepower
are all less than 100 The fuel ratios for the Studebaker, under cond:-
tions of these average speeds, are less than 1 00, but not nearly as much
less as are the ratios for tractive resistance

The study of vehicle operating costs as related to type and condition
of road surface should be made on a basis of actual traffic conditions and
it 1s evident that average vehicle speed varies with the road surface, even
when the character of traffic 15 1dentical If average road speeds are
used, a time evaluation 1s necessary to compensate for the less time on
the road at the higher speeds
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Insufficient data exist to permit of a more accurate comparison of fuel
costs on different classes of road surfaces, and since the final savings
must be 1n terms of fuel 1t 15 thought that fuel consumption measure-
ments, both quantitative and rate of consumption, should be determined
for the common classes of surfaces

Another method of comparing the relative fuel consumption of vehicles
on road surfaces 18 to weight the percentage of traffic traveling at given
speeds according to the rate of fuel consumption at the chosen speeds
Table III gives such a calculation for the Cadillac and Studebaker test

TABLE III
RELATIVE GASOLINE CoNsUMPTION CALCULATED FROM TRAFFIC SPEED
DisTRIBUTION
Rate of Gasoline Consumption, Miles per Gallon
Percentage of Traffic
Speed Cadillac Studebaker
mph
Class | Class | Class | Class | Class | Class | Class | Class | Class | Class | Class
1 IT IV \'% I II Iv v I 11 1v
10 000l 000f 000/ 130 770 8 10| 7 25 6 85 13 70| 12 80| 12 00
15 010 030 055 425 945 10 10| 8 85( 8 50| 15 95| 14 80; 14 40
20 050 125 280 915 11 10/ 11 60| 10 10| 9 55, 17 00| 16 00| 15 70
25 1 55| 320 7 20|15 25| 12 35| 12 45| 10 95| 10 05| 17 45| 16 75| 16 35
30 4 30| 7 40| 14 50| 18 35! 13 30| 12 75| 11 30( 10 15| 17 25 16 85| 16 40
35 | 10 30| 18 05| 18 15| 18 10| 13 75| 12 70| 11 30| 10 05| 16 65| 16 25 15 85
40 | 18 75 20 45| 18 50| 15 45| 13 65 12 30| 11 00| 9 55 15 95/ 15 55| 15 10
45 | 21 20| 19 25| 16 25| 10 40| 13 05| 11 65| 10 35 8 85 15 10| 14 75| 14 25
50 | 18 20| 14 40| 11 25| 5 60| 11 90| 10 65 9 40| 7 95| 14 25| 13 85| 13 40
55 | 1200 870 6 35 2 15( 10 35 9 40 8 15| 6 90| 13 25| 12 90| 12 35
60 7 10| 465 325 000 865 785 665 5601200 11 60[ 11 15
65 365 185 120 670] 605 49 10 45| 10 10| 9 65
70 160 050 000 450 390 290 8 65 835 805
75 060 0 00
80 015
85 | 00 00
Weighted rate of fuel con-
sumption 11 91| 11 42( 10 38} 9 53| 14 58| 14 86| 14 83
Fuel consumption index 1000 104 115 125 100 098 098

cars and the traffic speed curves shown in Figure 4. The fuel consump-
tion indexes for the Cadillac are almost identical with those mm column
(12) of Table II for the speeds of 45, 40, 35, and 30 miles an hour for the
four classes of surfaces. For the Studebaker, however, the results are
different than any of those in Table IT

No quantitative value should be placed on the foregoing analyses
because of the lhmited data available and the assumptions that were
made, particularly regarding traffic speed and 1its distribution  Also,
the surfaces tested by Paustian and Moyer were not the same and the
Cadillac car had a gas-electric drive  These analyses are not offered to
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show the economy of operating motor vehicles over any paxticular sur-
face, but to suggest types of analyses that should not be overlooked,
since they take into consideration, engine efficiency and traffic
conditions

The methods, nevertheless, are beheved to be sound and 1if apphed
to sufficient test data should result 1n accurate determinations of the
relative fuel consumption of vehicles when operating on different types
of road surfaces

The gasoline consumption curves of several cars and trucks driven on
level concrete given in Figure 5, indicate the range of such curves and
show that the Cadillac and Studebaker curves discussed herein are not
very commonly found
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Figure 4. Distribution of Traffic on Iowa High;vays according to Speed. Obser-
vations by Moyer and Winfrey 1933 and 1934.

Summary on Fuel Consumption and Power Requirements

Exsting information on relative power requirements of road surfaces
is adequate for speeds up to 45 miles per hour for a few particular sur-
faces under particular conditions

Data are insufficient for most of the newer types of low-cost surfaces,
and for all surfaces under year-around conditions of weather and
mamntenance

Existing data do not show any definite relationship between speed
and rolling resistance, nor the roughness factor

Fuel consumption curves need to be determined for all surfaces under
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year-around conditions of weather and maintenance and for all common
types of vehicles for speeds up to 80 miles an hour

Traffic speed counts are lacking for most surfaces and classes of vehicle
traffic.

No data of the foregoing character are available for truck traffic
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Figure 5. Gasoline Consumption of Typical Cars on Concrete

Oul Consumption

The power requirements of road surfaces probably have no effect upon
the consumption of lubricating o1l, but o1l consumption does increase
with engine speed and average speeds of traffic vary with the condition
of road surfaces  Since the increased speed 1s made possible by improv-



34 HIGHWAY RESEARCH BOARD

ng the surface, the resultant increase mn o1l costs should be charged to
the improved surface

The rate of o1l consumption 1s controlled largely by the engime speed,
type and condition of the engme, and character of o1l  Figure 6 gives
typical curves taken from several sources as presented by Graves *°
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Figure 6. Engine Oil Consumption for Several Automobiles and Grades of Oll.
(After Graves.)

These curves show a wide range 1 o1l consumption but always a defi-
mite increase with speed At 45, 40, 35, and 30 mules per hour the rela-
tive o1l consumption 1s 1 00, 0.73, 0 54, and 0 39, respectively. Thus,
at 45 mles per hour the o1l consumption is almost twice that at 35 miles
per hour. «
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Summary

Assuming that o1l consumption does not increase with driveshaft
horsepower, but that 1t 1s more nearly proportional to speed, existing
data are sufficient to determine the relative o1l costs on various classes
of surfaces.

Additional search should be made to show whether speed alone 1s a
satisfactory index of o1l consumption.

Tare and Tube Costs

Tests show that on certain road surfaces tire treads wear much faster
than on others. Such tests, however, have not determined the total loss
1n value of tires with mileage, since the effects upon the carcasses and
tubes were not determined. As indicated in the discussion of fuel
consumption, speed has an effect upon the rate of tire wear, and the
speed differential on various types of surfaces should be taken into
consideration when determining the relative tire costs for different
surfaces

Tire tread wear tests at the University of Kansas,?- 24 at the State
College of Washington'> 4 1 4. 2. conducted in 1924, 1925, and 1926,
and by the Portland Cement Association? m 1930 constitute the main
hterature on tire wear tests

The 1924 and 1925 studies are of hittle value in determining relative
wear under today’s condrtions for they were run with high pressure tires
at 35 miles per hour or less The Portland Cement Association tests?
were valuable in developing methods of tests, but only two surfaces
were studied.

Professor McNown? summarizes his 1926 tests as follows for 30 x 5.77
balloon tires on a 1925 model Dodge touring car, at 78°F. air tempera-
ture, and 35 muiles per hour:

Wear Index  Test Mileage

Concrete, excellent 100 401
Concrete, fair . 1 56 805
Brick, excellent 0 87 41
Sand-clay, good . 035 309
Gravel, good 0 55 600
Penetration macadam, fair 129 328
Asphaltic concrete, good 092 510

These tests are significant 1n so far as they show materially lower wear
on untreated surfaces than obtained 1n his earlhier work with high pres-
sure tires  Test mileages are insufficient to establish rehiable coefficients
as 1llustrated later by tests by the Iowa Engineering Expermment Station
of 1930, and heretofore unpublished. Also, since a fair concrete 1s given
a wear mndex of 1 56 as compared to excellent concrete of 1 00, there 1s
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considerable question as to the proper value to assign to average con-
crete Tire wear on concrete surfaces 1s greatly affected by the aggre-
gate in the concrete and the surface texture

Professor Dana’s 1926 tests!® with balloon tires at 30 muiles per hour
resulted 1n the following:

Wear Index Test Mileage
Concrete pavement, 2 to 5 years old 1 00 3,431
O1l-treated crushed basalt, smooth and hard 028 1,200
Crushed basalt macadam, very httle loose materal 3 83 6,683

Since these tests on concrete were run on a course only 9 miles 1n
length, they may not apply very generally to average concrete The
test mileages are sufficient to establish rehable coefficients except in the
case of the ou-treated crushed basalt It 1s doubtful if the low coeffi-
cient of 0 28 for this surface represents an average value

The Portland Cement Association tests at 40 miles per hour resulted
1n a coefficient of 1 00 for good concrete, and 1 81 for a “nonskid” type
asphaltic concrete. Test mileages were 3,088 6 and 3,523 3, respec-
tively Tread wear 1n these tests was by measurement of the tread
depth and 1s recommended by the authors as more rehable than the
weighing method  The two coefficients given are accurate for the two
particular surfaces, but they should not be taken as general values for
these two types of surfaces

In 1930 the Iowa Engineering Experiment Station ran a senes of wear
tests of balloon tires at 35 pounds pressure on concrete and gravel
surfaces on routes in all directions from Ames and as much as 120 miles
distant The general road speed was 35 to 40 miles per hour and driving
was under traffic conditions throughout the day Table IV gives the
results,

Since these tests were run at intervals between Aprl and September,
over surfaces 1n many Iowa counties under all degrees of maintenance,
the results should be a good index for the relative tire wear of concrete
and gravel. The wear on gravel was 1 36 times the wear on concrete

Attention 1s called to the variation in wear as measured on individual
test runs of about 500 miles These differences may be due to errors
in weighing and chmatic conditions, as well as to differences 1n road
surface and driving conditions, but they serve to indicate the desir-
ability of conducting tire wear tests over many mules of surfaces mn all
stages of mamtenance and under year around weather conditions

Tire wear tests have been conducted with several types of vehicles
and tires under a wide range of weather and surface conditions and a
comparison of the relative wear of surfaces 18 difficult The 1925 and
1926 results indicate that tire wear with high pressure tires 18 not the
same as with balloon tires, particularly on surfaces having loose materal
The condition of the surface at the time of test affects the wear greatly,
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and, as a result, many tests on a large number of surfaces are necessary
1
to determine the normal averages

TABLE IV

Tire WEAR TEsTS AT AMES, lowa

20 x 5 25-inch balloon tires at 35 lb pressure, car weight, 3000 b Nominal
road speed, 35to 40 mph Average speed 30 m ph (approx )

Aver
Air

Tread wear, four
tires

Date Run No Mles Surface Condition
1930 g::'% Driven Total g;_:?og
Grams | ") jeg
Gravel Surfaces
April 18, 19, 21 1-G1 11 8 552 26 1|0 047 | Fair
April 30, May 1-2 (1-G2 | 22 8 502 | 39 810079 | Good
2-G 3 478 72 3|0 151 | Good
May 6-8 2-G4 | 181 571 56 7 1 0 099 | Wet and damp
June 13-14 2-G5 | 231 449 | 25 3| 0 056 { Wet and rough
June 16-18 1-G6 | 236 497 66 9 [ 0 135 | Rough
June 30, July1-2 | 1-G7 | 255 522 | 9110175 | Rough
Sept 12-13 2-G8 | 326 500 | 77 2|0 154 | Rough
Sept 15-16 1-G9 | 20 8 500 | 59 9|0 120 | Rough and loose
Sept 17-18 2-G10| 28 5 500 | 757 |0 151 | Rough and loose
Sept 19-20 1-G11| 23 8 500 | 6110 122 | Rough and loose
Total 5571 [ 652 1|0 1171
Dec 29-31, 1930 2-G12|-38 508 | 33 90067 | Rough, frozen
Jan 1-3, 1931 1-G13| 20 508 | 34 4|0 068 | Rough, frozen
Jan 3-6, 1931 2-G14| 01 495 31 3 | 0 063 | Rough, frozen
Jan 7-12, 1931 1-G15| 22 501 16 8 { 0 039 | Rough, frozen
Total 2012 | 116 4 | 0 058
Concrete Surfaces
May 20-21 iI-C1 [ 190 516 | 37 6 | 0 073 | Average concrete
May 14-16 2-C 2 131 518 40 0 [ 0 077 | Average concrete
May 17-19 1-C3 | 111 342 | 327 (0096 | Average concrete
May 20-21 2C4 | 280 362 28 7 | 0 079 | Average concrete
1-C5 448 37 0 | 0 083 [ Average concrete
June 24 2-C6 | 258 443 851 | 0 124 | Average concrete
June 10-12 1-C7 | 242 517 | 640 | 0 124 | Average concrete
June 19-20, 27-28 | 2-C8 | 28 8 436 29 8 | 0 068 | Average concrete
Sept 21-22 2-C9 | 260 525 39 7| 0 076 | Average concrete
Sept 23-24 1-C10| 29 5 501 31 7} 0 063 | Average concrete
Total 4608 | 396 3 | 0 086
1

Ratio of wear on gravel to wear on concrete = %_10187 i 1 36.

The recent work by Moyer on coefficient of friction® and that by
Paustian on tractive resistance® indicate the variabihity of surfaces of a
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given class. Tire wear varies similarly, and should be measured under
the same test conditions.

Deficiencies 1n previous tire wear tests may be summarized as follows*

The number of test miles has been msufficient to determine rehiable
coefficients.

In general, only a lmited number of surfaces have been tested and
these under only one condition. All-year tests would be better, since
the coefficient of friction tests by Moyer indicate that the surface resist-
ance to braking 1s affected by both moisture and temperature

There are no data available showing relative wear at speeds greater
than 35 mules per hour, except on one concrete surface compared to one
“nonskid” asphaltic concrete surface The newer types of low cost and
stabihzed surfaces have not been tested

Previous tire wear tests do not apply to the quality of tire manu-
factured today, nor to the low pressure balloons. The best available
tire wear data are for high pressure cord tires

With the exception of the 1930 Iowa tests, all previous tests were
conducted on comparatively short test courses at constant speeds, thus
the effects of accelerating and braking have been ehminated, as have
the variables due to construction methods and maintenance

No test data are available for truck tires

Future tire wear tests should determine the relative wear at speeds
from 20 to 80 miles an hour

Vehicle Maintenance Costs

There are no avallable data to indicate the effect of road condition
on the general maintenance cost of a vehicle Engine maintenance 13
probably more nearly proportional to total revolutions and speed than
to the power developed or rate of gasoline consumption Chassis and
body maintenance are perhaps somewhat proportional to gasoline con-
sumption because of vibrations, but they are more directly proportional
to the character of the road surface It 1s established (but not quanti-
tatively measured) that oy, gravelly, rough, and muddy surfaces are
much harder on vehicle maintenance than smooth, ngid surfaces  Ths
1s almost wholly because of the dirt and excessive vibrations which are
absent on the smooth, rigid surfaces

It 1s thought that rigid bodies and frames, rubber cushioning, spring-
ng, pamnting, and general improvements have so reduced the costs of
maintenance that the increase on lower types 1s less than the rate of fuel
consumption mcrease  Certainly, batteries, highting, anti-freeze, brakes,
and washing would not so increase

Vehacle Depreciation

It 1s well known that the automobile retail trade values motor vehicles
according to age and not according to mileage. Under the NRA code,
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not even the physical condition of the car was given consideration on
a trade-in. This same retail market depreciates a car to junk value 1n
less than the average hfe (7 to 8 years) of cars However, few cars, 1n
satisfactory operating condition, are junked regardless of therr age.
Mileage and physical condition, therefore, as well as obsolescence,
determines their total hife

At equal speeds on all classes of roads, 1t seems reasonable that the
smooth, more rigid and weather-proof surfaces would permut of driving
vehicles on them a greater hife mileage than the rough, flexible, and
weather-affected surfaces For this reason, Class I surfaces should
result 1n less vehicle physical wear than other surfaces

At the actual average road speeds, the depreciation on the lower type
surfaces should be less, since the slower speeds should be less severe on
the car. On the other hand, if life mileage 1s considered rather than
Iife years, 1t 15 possible that the depreciation cost in cents per mule,
would not be less at the lower speeds, since less total mileage would be
driven before the car was discarded because of obsolescence However,
these differences are largely because of the nature of car owners rather
than because of the road surface conditions The real difference would
be measured by the mileage obtained by i1dentical vehicles under 1dent-
cal operation throughout the same period over the different types of
surfaces

On a time basis the depreciation would be the same regardless of the
surface, but on a mileage basis, the depreciation cost per mile would be
less on the hgh type surfaces, because of the probable greater total
mileage driven before the car would be junked

Summary

A study of mileages of cars 1n typical sections of the country would
possibly cast some light upon the subject

No hterature 1s known which gives the facts of experience so far as the
depreciation rate 1s concerned

Accident Insurance Costs

Improved roads have a tendency to concentrate the traffic and 1n-
crease the average road speed, both of which have led to a igher accident
rate on good roads and a consequent higher insurance cost to the car
owners. Insurance rates for public hability, property damage, and
colhision have increased 1n accordance with the increase 1n aceident rate,
but the insurance cost per vehicle mile over the road may not have
been increased because of the increase in volume of traffic  In any case,
the car owners 1n the msurance territory in which main-traveled hgh-
ways exist pay an insurance rate greater than that paid by the owners
1n less congested areas .
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Summary

Perhaps the nsurance companies could assemble pertinent data on
which to base a conclusion as to whether there 1s justification 1n a higher
vehicle insurance charge for the higher type surfaces as compared to the
lower types

In any case, mnsurance companies are certain that fast driving and
congestion are directly responsible for accidents

Tvme Evaluation

At the eighth annual meeting of the Highway Research Board, Agg
stated, “It 1s becoming more and more apparent, that before 1t 1s possible
to make an adequate statement of, or formulate an adequate principle
upon which to base an estimate of, the value of road improvement, 1t
will be necessary to take into account the value of time to trafic This
1s something intangible and upon which there 1s likely to be considerable
difference of opmmion and apparently lhttle basis for a dogmatic
statement ’’

As yet no one has attempted a complete evaluation of this time factor,
though with the traffic speed counts and traffic surveys available, prog-
ress along this line should be possible  Certainly, time must be evalu-
ated 1f comparative costs are to be determmed on the basis of actual
road speeds as 1s suggested heremn In the cases where the roads are
not passable throughout the year, for either passenger car or truck
traffic, time evaluation 1s an important factor It 1s especially impor-
tant if relative speeds are considered

It 1s suggested that studies be instituted on this subject Existing
data on average speed, traffic analysis, tractive resistance, and weather
should afford a starting basis

Vehicle Operating Cosls

Vehicle operating costs are not known as accurately as desirable,
because of the material change mn traffic during the past four years
Bulletins 106 and 114 of the Iowa Engineering Experiment Station®?
are the best sources at this time, but Bulletin 106 does not cover the
newer types of cars, and Bulletin 114 does not deal with trailer equip-
ment nor trucks heavier than 5-ton capacity

Table V gives a few cost records recently collected by the author
These reports indicate that the per mile cost for cars 1s less than four
years ago, particularly for tires and mamntenance Table VI shows
estimates of the cost of operating the composite Iowa car under 1934
conditions, as compared with results previously given by the author
and Agg and Carter ¢ Five cents a mile 1s a fair estimate of the present
total cost of operating average cars 1n the mid-west

For the purpose of comparing the relative economy of various road-
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way surfaces, however, 1t 1s desirable to know the operation costs on
surfaces of definite characteristics These can be obtamned by observa-
tion of the operation of large numbers of vehicles which operate almost
wholly over surfaces of a given class  Fleet operation, delivery vehicles,
and famly cars 1n certain territories offer possibilities for these studies

Not only are these studies necessary to bring out the relative differ-
ences 1 operating costs of driving on various surfaces, but they are
necessary to determine what the operating costs are for rural driving as
compared to city driving and general all around driving  Cost records
heretofore have been for total driving and these have been assumed to
apply to “intermediate surfaces,” because the facts on which to base an
assumption to the contrary were mussing Traffic studies have indi-

TABLE VI
EsTIMATED OPERATING CosTs FOR THE lowa ComposiTE Car, CENTS PER MILE
7,000 Miles per Year 11,000 Miles per Year
Item

Bul 106 | Est, | Bul 91 | Bul 106 | Est,
1931 1934 1928 1931 1934
1 Gasoline 127 118 131 127 118
2 Engine O1l 025 022 022 025 022
3 Tires and tubes 0 43 020 0 64 043 020
4 Maintenance 122 0 80 172 122 08
5 Depreciation 163 136 139 163 135
6 License 0 22 020 014 016 014
7 Garage 0 69 0 69 04 04 04
8 Interest, 6% 047 04 0 36 032 030
9 Insurance 0 33 0 36 021 0 22 023
10 Total Cost 6 51 54 6 43 5 94 4 86
11 Gasoline, miles per gallon 1575 [1575 1575 | 1575
12 Oil, miles per quart . 102 115 102 115
13 Cost new, dollars 905 840 905 840
14 List weight, pounds 2350 2500 2350 2500

cated that the rate of travel through cities 1s 15 to 20 miles per hour,
which 1s much less than on rural ighways The conditions of braking,
accelerating, and driving are also different, and, therefore, the costs of
operating a vehicle 60,000 miles on rural class I pavements would not
be the same as 60,000 miles of operation within city hmits on similar
surfaces

In the study of the operating cost of vehicles, the hours of actual
travel, if known, would shed some hight upon the division of costs be-
tween urban and rural mileage, and, therefore, upon the assignment of
relative cost indexes for maintenance and depreciation costs to assign
to the different classes of roads

Since August 5, 1934, Prof. R G Paustian of Ames, has had a battery
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clock 1n operation on his automobile, so connected that the clock records
the engine hours He later proposes to make the connection such that
road hours will be measured independently of engine hours  His results
for 2,025 miles of driving during 71 hours of engine running time indicate
an average speed of 28 5 miles an hour and a gasoline consumption of
15 35 mules per gallon. On one trip of 183 mules the average speed was
45 8 mules an hour, and most trips of 30 miles or so were driven at an
average rate above 40 miles an hour with a gasoline mileage as high as
18 5 miles per gallon

His driving 1n and around Ames, Iowa, averaged about 15 miles an
hour Under these conditions he secured as low as 12 muiles to the
gallon of gasoline  Additional records of this type are needed as a basis
for interpreting cost records

Summary on Operating Costs

In the field of motor vehicle cost studies 1t 1s desirable to collect
complete cost records and mileages on cars used for the following three
general purposes (1) Salesmen’s fleets, (2) regular route delvery
service, (3) family driving, separated into rural and urban ownership
Likewise, similar cost records need to be assembled for truck and bus
traffic

Analysis of registration records and traffic surveys should be made to
determine the characteristics of the average vehicle 1n each class, as
well as the general charactenstics of the vehicles using each class of
surface

Calculation of Costs for Vehicles Operatang on Different Roadway Surfaces

Since 1928 most investigators endeavoring to estimate vehicle operat-
ing costs on various classes of road surfaces have used the work of Agg
and Carter,® both as to method and cost ratios, though more recently
therr ratios have been modified to some extent Agg and Carter use the
following cost ratios and surface classifications.

High type (all Intermediate type Low type
pavements) (gravel, macadam, (natural

and treated surfaces) soil and hght
gravel)
Gasoline 100 120 147
Tires and tubes 100 222 2 90
Maintenance 100 120 147
Depreciation 100 110 124
All other 1tems 100 100 100

These authors concluded that the tractive resistance for year around
operation at about 35 miles an hour on these three classes of surfaces was
70, 110, 160 pounds per ton, respectively. The ratios of these three
values were reduced 1n accordance with engine tests and road measure-
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ments of gasoline consumption to those tabulated above The reduc-
tion takes into consideration the greater engine efficiency at the higher
loads Unfortunately the actual engine efficiencies are not given so the
method cannot cannot be compared w1 th present engines, but 1n any
case a redetermination 18 necessary to take into account the changes in
engine performance since 1928 These authors concluded that the
maintenance costs of vehicle operation vary directly as the fuel con-
sumption, and that depreciation costs increase at one-half the rate that
fuel consumption increases Data have not been assembled to prove or
disprove the correctness of these two assumptions, but 1t appears that
the ratios are not as high for present vehicles and traffic

A few tire wear tests reported since do not support the high ratios of
222 and 2 90 used by Agg and Carter, though data are not available
on which to base refined estimates Waller and Phelps later*? suggested
a ratio of 2 00 instead of 2 22 for the intermediate surface

TABLE VII
1933 CosT OF OPERATING A COMPOSITE AUTOMOBILE IN WASHINGTON—BY PHELPS?’

Concrete Oiled Roads Intermediato Crushed Rock

(Gravel)
Cost Item Cost, Cost, Cost, Cost,
Index cen;ﬁs Index 0‘:):? Index cepl;:s Index °;g:‘s
1le Mile Mile Mile
Gasoline, 25¢ per gallon 1001136 |105(143]{120(164]120]|164
O1l, 25¢ per quart 100(0221100/022]100(022{100]0 22
Tires 100016 |150]|024|200(032]|400]|062
Maintenance 100{102|105|107(120(122]120]|122
Depreciation 1000641025066 |110(070|110]|070
Total 340 3 62 410 4 40

For the state of Washington, Phelps®” arnved at the costs and ratios
shown in Table VII from a review of the work by Agg and Carter® and
Winfrey® 4, making such adjustments as, 1n his opinion, were necessary
to meet Washington conditions and his judgment

Summary

Since the surfaces in the intermediate class vary widely in power
requirements and tire wear characteristics 1t 1s suggested that the classi-
fication proposed by Paustian® be used and that estimates of vehicle
operating costs be made more specific as to type of surface

The method advanced by Agg and Carter 1s sound 1n principle  Their
results and those of later investigators are weakened only 1n so far as
their assumptions may depart from facts As additional information
relative to these assumed relationships becomes available, more accurate
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estimates should take 1nto consideration the elements of road speed and
time evaluation.

Since the comparisons are usually made, not for city streets, but for
rural highways, the various cost ratios should be apphed to cost records
of vehicle operation on rural ighways

SUMMARY AND RECOMME!'DATIONS FOR FUTURE WORK

In the past ten years ‘many highway engineers have made estimates
of the savings to vehicle traffic which result from improving roadway
surfaces, but in each case, certamn assumptions of very basic importance
were necessary, which to the scientific minded, throw considerable doubt
on the results These investigators, however, have realized the neces-
sity of gathering sufficient facts to reduce the assumptions, or at least
the probabihity of error in them, and have emphasized the importance
of the researches necessary to achieve accuracy. One quotation from
Morrison 18 cited as typical of many statements made about the lack of
facts on this subject:

“In this discussion, assumptions have been made as to such items as
the amount of differences 1n operating costs over different types of
surfaces, the value of a car-minute, and the amount of time saved by
certain 1mprovements, and then the assumed values have been used as
if they were correct, which may be far from the case  There are dozens
of mvestigators, all over the country, working on such things as minor
improvements 1n construction 1tems, but only a very few appear to be
studying the far more important factors involved in mghway economics.
Much research 1s needed to determine properly the factors which mate-
rially affect, or should affect, the outlay of milhons The 1mmedate
spending of comparatively large sums to shed more light on this subject
would seem to be an excellent investment The use of improperly
evaluated factors where large expenditures are mnvolved 1s an economic
tragedy %8

This quotation sums up the situation adequately, for the only two
items for which the relative costs have been measured are gasoline and
tires which together comprise only 4 4 mills of the 7 mills which Phelps
(Table 7) estimated 1s saved by changing from gravel to concrete
(Paustian® estimated 8 mills) Tire savings compnse 1 6 mills of the
4 4, and this 1s computed on a basis of twice the cost of tires on con-
crete, which ratio 1s not supported by investigations with balloon tires

Consequently, and i view of the present character of traffic and vehi-
cles, the author believes that any estimate of the saving 1n motor vehicle
operating costs effected by road surface improvements and calculated
on the basis of past researches and necessary assumptions is wholly
unrelable A well-planned research program, should, in one year,
remove this phase of highway economics from the clouds that must
clothe any ‘‘scientific’’ conclusion predicated on mere assumptions.
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While past estimates of saving in vehicle operating costs due to road
mmprovement have served adequately, estimates of greater accuracy
for a wider range of surfaces 1s now needed Many thousands of miles
of roads i the country are yet to be improved, and, as low-cost methods
of surfacing are coming into use, 1t becomes increasingly important to
know accurately the effect of these road improvements upon the cost of
vehicle operation and upon highway safety.

Researches which will add materally to the existing knowledge 1 the
field of the economics of highway improvement are suggested in the
following

1 A sub-classification of Paustian’s five classes of surfaces and a
standard nomenclature for all road surfaces

2 Gasoline consumption rate curves for typical vehlcles up to 80
miles an hour over several typical courses of each surface class under
sufficient varnable weather conditions that curves for year around
conditions can be drawn

3 Power requirements (tractive resistance or driveshaft horsepower)
for the same surfaces tested in 2, and under the same surface and weather
conditions

4 Tire wear tests at speeds up to 80 miles an hour under traffic
conditions for both standard balloon and low pressure balloon tires on
the same classes of surfaces for which gasoline consumption and tractive
resistance tests are run as 1n 2 and 3 These tests should cover 3,000
to 5,000 miles of driving for each test condition over many sections of
surfaces and 1n such types of weather that year around averages will be
reliable

5 A study of tire costs and tire mileages as well as the causes of tire
failure, from the records of tire compames

6 Coefficient of friction tests for the same surfaces tested for tire
wear

7 The collection of operating cost records for vehicles operated regu-
larly on known types of surfaces, for family cars of both urban and rural
ownership, and for “‘salesmen’s” cars and fleets

8 A determination of operating costs for trucks, trailers, and busses

9 The determination of average road speed and the percentage of
vehicles of each class at each speed for the several classes of surfaces
under varying weather conditions

10 Additional traffic surveys for the purpose of determining the num-
ber and classification of vehicles which use each class of surface

11. The determination of annual and hife mileages for each class of
vehicle for typical geographical localities
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