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THE SUPPORTING VALUE OF SOIL AS INFLUENCED 
BY THE BEARING AREA 

By A. T. GOLDBECK and M. J. BUSSARD, United States Bureau of Public Roads 

HEN a given unit of load is applied to a soil 
V4 over various areas, the depth of penetration is 

directly proportional to the square root of the 
area over which the load is applied. This relation has 
been established independently and practically simul- 
taneously by experiments conducted in June, 1923, by 
the Bureau of Public Roads at the Arlington Exper- 
imental Farm, Arlington, Va., and by A. Bijls, chief 
of highways and bridges, of Belgium. The test condi- 
tions under which this relation has been established 
have necessarily been restricted and the applicability 
of the relation to more general conditions remains for 
further investigation. 
By the use of formulae or diagrams expressing the 

established relation it is possible within limits to pre- 
dict or determine from a ies of the penetration 
of any given unit load, applied experimentally over a 
given area on any soil, the penetration which will result 
from the application of the same unit load to any area 
of the soil, provided the penetrations involved be small 
enough to permit the supporting mass to act for the 
most part elastically. 

The application of such a relation to the design of 
roads and more particularly to the design of footings 
of bridges and other structures is obvious. Its use 
should make possible a more certain design of footings 
and should be especially helpful in the prevention of 
unequal settlement of all kinds of structures. 

The facts discovered indicate that such unequal 
settlement is likely to occur as the result of methods of 
footing design, heretofore followed universally, in 
which the areas of the footings under various parts of 
a structure are predicated upon the delivery of a uni- 
form unit load to the soil regardless of the areas of the 
footings. The indications are strong that this practice 
is erroneous; and it has apparently been positively 
proved that, in its place, a method should be adopted 
which, based upon this observed relation of penetration 
and area, assures equal penetration instead of equal 
unit load. 

The general form of the relation expressed mathema- 
tically is: * 

i ide a 

LNA 

in which, p and P are the penetrations resulting from 
the application of a constant unit load to areas a and A. 

The above relation was established experimentally 
and was also developed mathematically on the assump- 
tion that for any particular soil, the areas under 
pigesue at different depths are confined within 
ines of like inclination extending from the boundaries 
of the bearing areas. 

DESCRIPTION OF EXPERIMENTAL METHODS 

Since soils exist commonly in the nature of semi- 
fluids, deforming in part elastically yet yielding under 
the continuous application of load, it is necessary, in 
order to establish a basis of comparison between the 

26585—25t——1 

supporting value of different areas, to study their 
behavior in one of two ways; (1) by observing the 
relative loads necessary to produce common penetra- 
tion; or (2) by observing the relative penetrations 
caused by the same unit of load. 

The latter method was used in the experiments of 
the Bureau of Public Roads; and a criterion for the 
measurement of supporting value was arbitrarily 
assumed as the unit of load which would cause a bearing 
block 9 square feet in area to penetrate the soil 0.1 inch. 

LOAD IN POUNDS PER SQUARE INCH 

PENETRATION IN .OOI INCHES 
Fic. 1.—Bearing value curves for clay soil 

The materials used for the experiment consisted of 
quantities of clay soil to which varying proportions of 
Potomac River sand were added. Five distinct 
mixes were used in which the proportions of Potomac 
River sand and clay soil were, respectively, 5 to 1, 
5 to 3, 1 to 1, 1 to 3 and 0 to 1. The material was 
moistened and mixed by hand, then placed in a test 
bin 6 feet square, and tamped in 6-inch layers to a 
total thickness of 30 inches. A series of circular 
bearing blocks ranging in area from 1 square foot to 9 
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Fic. 2.—Bearing value curves, clay soil mixed in equal parts with Potomac River 
and 

square feet, were each loaded at a uniform rate by 
means of a hydraulic jack and simultaneous readings 
of load and penetration were made by observing the 
movement of two Ames dials placed at each extremity 
of a diameter. The average between the two eget 
was computed in each case, to eliminate possible 
errors due to the uneven penetration of the block. 
Load readings were obtained by observing the deflec- 
tion of a calibrated resistance beam. 
A series of smaller areas ranging from 1 square inch 

to 12 square inches in the form of circular metal bear- 
ing blocks was also tested. Both series of blocks were 
tested with each mix in the same manner. ‘The test 
bin was emptied after each individual test, and the 
material was loosened, replaced and retamped. ‘This 
was repeated a number of times with each area and 
with the different mixes, and the moisture content was 
determined each day from representative samples 
taken at various depths, immediately after the tests. 

Figures 1, 2 and 3, represent what might be termed 
the bearing value curve or stress-strain diagram for 
all the areas on three of the mixes. It is well to note 
the relative positions of the curves, which undoubtedly 
indicate that with few exceptions the smaller the super- 
imposed area, the greater is the unit of load required 
for equal peneteration. 

Figure 4 shows the total loads applied to various 
areas, which produce a common penetration of 0.1 
inch. The curves in the upper portion of the figure 
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Fic. 3.—Bearing value curves for Potomac River sand and clay soil mixed in pro- 
portion of 5 to 1 

show that the unit of supported load increases as the 
superimposed area decreases for a given penetration. 

The algebraic equations of the curves were derived 
in every instance, the reason being that there was ne- 
cessity for a means of identification and comparison 
between the behavior of the various areas when used 
with different mixes. It is seen, however, that they 
are all of the same general type, differmg in their 
constants, owing to the difference in compaction, 
moisture content, state of preparation, etc. 

THE RELATION OF AT AREA UNDER CONSTANT UNIT 
A 

Since those in charge of the tests were at the time 
concerned with the load causing a penetration of 0.1 
inch for an area of 9 square feet, and contemplated that 
this investigation ould make it possible to obtain this 
information by means of tests performed with a bearing 
block of small area, it was necessary to analyze the 
data from a different point of view, namely, by con- 
sidering the relative penetrations of the areas produced 
by a constant unit a load, the unit of load in each case 
being that which caused 0.1 inch penetration when 
applied to an area of 9 square feet. Therefore curves 
similar to Figure 5 were plotted from data obtained on 
each mix. Sie they were found to be of similar type, 
the existence of an unknown general relation was 
suspected. Consequently, the curve shown in Figure 
6 was developed from the average of the five individual 
curves. It 1s evident from this average curve that 

wil a? 
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Fia 4.—Total and unit loads required to produce common penetration of 0.1 inch 
under different areas on various soils 

under a constant unit of load the penetration decreases 
very rapidly as the area decreases, apparently according 
to some determinate and continuous mathematical 
function. 

The curve of experimental results shown in Figure 6 
by the dotted line is very closely approximated by 
a parabola shown by the solid line whose general 
equation is 

y=azr? 

where y= area of bearing block in square feet 
z= penetration in inches 
a=a constant which depends upon the penetra- 

tion of a given size of bearing block. In 
the present analysis the relation is based 
on the penetration of a 9 square foot 
block to a depth of 0.1 inch. For this 
condition a becomes 900. 

The relation between area of bearing and penetration, 
for a constant unit load, corresponding to that which 
causes a 9 square foot area to penetrate 0.1 inch 1s 
thus expressed by the following equation: 

y=900 2? 

For the conditions of this test it is apparent that the 
penetrations of several areas are proportional to the 

square roots of the areas. Necessarily, the tests have 

been limited to a range of bearing areas which does not 
include the larger areas encountered in structures, the 

AREA IN SQUARE INCHES 

AREA IN SQ.FT. 

PENETRATION IN .OOI INCHES 

Fic. 5.—Typical curve showing penetrations of various areas when loaded with the 
Pet lgad which caused penetration of 0.1 inch when applied to area of 9 square 
ee 

largest area used being 9 square feet; moreover, the soil 
was confined within a bin. The above relation having 
been established for the range of areas and test condi- 
tions as noted, it will be interesting to investigate the 
possibility of this same relation holding true for other 
areas and conditions. 

Curves showing the distribution of earth pressures 
through a sand fill due to load application on bearing 
blocks placed on the top of the fill will shed light on the 
ossible reason for the above relation and will also 

furnish the basis for assumptions which will be made in 
the development of a general theory. 

The curves in Figure 7, drawn from experimental 
results obtained by the Bureau of Public Roads in 
1917,1 illustrate the variation in pressure distribution 
at various depths below the area of load application. 

1 See 1917 Proceedings of the American Society for Testing Materials. 
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¥Fia. 6.—Comparison of experimental and theoretical curves 
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Le 5} +. 7.—Lateral distribution and intensity of pressure in soil at various depths 
resulting from the application of load to the surface 

In Figure 8 it is shown that at any particular depth 
the intensity of pressure is dependent on the area of 
the bearing block used, and, in fact, it seems to be the 
case that the maximum intensity of pressure at any 
given depth is in direct proportion to the area of the 
bearing block. It is therefore quite evident that the 
curves of distribution of pressure are similar for differ- 
ent areas, though of different magnitude and different 
distribution, depending on the area of load applica- 
tion. It is also quite evident that for like intensities 
of pressure applied to different areas, like intensities of 
pressure within the soil due to the loads on those areas 
will be attained at different depths in the soil, a large 
block compressing a greater depth of soil through a 
given range of pressure intensities than a small block. 
From this consideration it follows that for correspond- 
ing pressure intensities on blocks of different areas a 
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LATERAL DISTRIBUTION-INCHES 

Fic, 8.—Lateral distribution and intensity of pressure resulting at the same depth 
from application of a constant unit load of 4,000 pounds per square foot to bearing 
areas of several sizes 

large bearing block must depress the soil more than a 
small block. In Figure 7 it is seen that the layers under 
compression at different depths below the bearing 
block are confined approximately between lines radi- 
ating downward from the boundary of the bearing 
aren. 

In Figure 9 we have two areas, A and a, each sub- 
ject to unit load P. Assume that the actual curves of 
pressure in the soil beneath these areas are replaced by 
equivalent uniform pressures confined within areas as 
indicated. Let P, be the intensity of pressure pro- 
duced on area ay at depth y by area a. Also let y, be 
the depth to area Ay, where the intensity of pressure 
produced by A is equal to P,. Then, since reactions 
at any depth must equal applied loads, 

Po=Pja,nd PA i Aeecr 

Pa Late 
PASE 

eS 
Ay A, 

By similar triangles— 

beg UES id ygh 
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Fic. 9.—Diagram showing distribution of pressure from two bearing areas and 
depths to planes of equal pressure intensity 

Assuming a constant modulus of elasticity, #, the 
total deformation, e, of a column of soil of length 7 at 
unit stress S is expressed as follows: 

__st 
Crees 

Applying this relation to the problem in hand, since 
the total deformation must be the penetration of the 
bearing blocks in any case, the ratio of total deforma- 
tions or penetrations under bearing blocks of the two 
areas assumed must be: 

Sy “2 
Go ea NG 

& Sw yy ,k R VA 
i yp 

That is, the relative penetration of the two areas is 
equal to the ratio of the square roots of the areas for 
like intensities of pressure on the two areas. Although 
the above analysis is not exact, it at least tends to show 
a strong probability that the law which seems to be 
followed by the bearing areas tested may be extended 
to areas of any size. 

(Continued on page 8.) 
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HIGHWAY RESEARCH BOARD PROCEEDINGS 
FOURTH ANNUAL MEETING HELD AT WASHINGTON IN DECEMBER 

By J. L. HARRISON, Highway Engineer, United States Bureau of Public Road 

search Board was held at Washington, D. C., 
December 4 and 5, 1924. Dr. Vernon Kellogg, 

permanent secretary of the National Research Coun- 
cil, in the address of welcome announced that the 
purpose of the Highway Research Board is to affect 
much needed correlation in highway research and to 
disseminate information in regard to the results of 
such research. 

Comparing the development of the modern dye 
industry the phenomenal progress of which has been 
based upon scientific research with the slow progress 
that has been made in certain other industries and 
arts, such as ceramics, in which reliance has been placed 
upon rule-of-thumb methods, he sounded the keynote 
of the board’s sessi-1s when he stated emphatically 
his firm belief that research yields large dividends in 
actual dollars and cents and that both economy and 
progress depend upon it. 

Thomas H. MacDonald, chief, Bureau of Public 
Roads, one of the directors of the Highway Research 
Board, discussed the financial value of highway 
research, pointing out that a discussion of such a topic 
ought to introduce a note of practical application of 
those scientific principles and facts, which we arrive 
at through research and through investigation, and 
bring out their actual value in dollars and cents to the 
people of the United States. 

That it does actually have such a value he illustrated 
by a number of examples. One of these—the use of 
the thickened edge in the design of concrete roads— 
which is the result of an extended research, makes 
possible a saving of about 390 cubic yards of concrete 
per mile. At $10 a cubic yard this is a saving of 
$3,900 per mile. There are 24 States that have 
adopted this new design. If, in these States, 2,400 
miles of concrete roads are constructed each year, the 
saving effected amounts to $9,360,000. Other equally 
important savings from improved design will follow, 
Mr. MacDonald stated, as research work is developed. 

Another case in which it is known that decided 
savings have resulted from highway research is the 
intensive laboratory research by which the lowa 
Highway Commission has been able to develop means 
of appropriately using nonstandard aggregate in 
concrete construction. In building approximately 
75 miles of concrete pavement during 1920 and 1921, 
$155,638 were saved to the State through the success- 
ful work of its laboratory. Such savings can be 
made in many States if the attention of their labora- 
tories is turned toward research work. 

Another phase of the value of highway research is 
presented in the construction field. At present there 
is a common feeling that engineers are crowding 
many highway contractors to the wall. It is the duty 
of highway engineers to analyze this attitude and take 
steps to overcome it. But this can be done only 
through research—research particularly in the con- 
struction field. 

Mr. MacDonald pointed out the causes which have 
been found to prevail where there has been unsatis- 
factory progress on Federal-aid road work, of which the 

TP fourth annual meeting of the Highway Re- two most important were: weather, 33 per cent; and 
management, 27 per cent. He presented graphs show- 
ing how contractors lose money on such operations as 
wheel-scraper work and how effective rather simple 
suggestions can be in helping contractors to do their 
work more effectively. In one case cited the cost of 
grading work was reduced more than 20 per cent 
through suggestions that it was possible to make to 
contractor as the result of research in the construction 
field. 

“In my judgment,” said Mr. Mac Donald, “‘ the whole 
story in profitable and unprofitable highway contracts 
lies in that operation, and it seems to me that in this 
field the research agencies have an opportunity not 
only of helping the contractors who are building our 
roads to increase their profits, and the quality of their 
output, but actually to decrease the cost of highways to 
the public. When we are spending in this country 
each year a billion dollars or more for highway con- 
struction and maintenance, is it necessary to develop 
any farther the enormous financial value of highway 
research when, on a single operation a saving of between 
20 and 25 per cent can be made by the use of stop 
watches and the analysis of the causes of delays and 
how to avoid them?” 

In rendering his report, Charles M. Upham, director 
of the Highway Research Board, drew attention to the 
fact that economy in the construction and maintenance 
of highways is necessary but that economy does not 
mean spending less money or restricting highway 
development. Rather it is to be attained by making 
more complete use of advanced ideas in methods, 
practices and designs as these are developed through 
research and investigation. Emphasis was laid on the 
fact that one reason for the common failure to bring 
highway construction and maintenance practices into 
more complete harmony with the results of completed 
researches is the fact that as presented to the Aratsasinh 
these are commonly accompanied by such a mass of 
supporting data that the busy executive finds it diffi- 
cult to give them the study they deserve. Data pub- 
lished in the form now commonly used are valuable. 
But, in the interest of economy, they should also be 
presented in condensed summary reports. Such reports 
would summarize the important facts of the fuller 
reports, but would give sufficient details to afford a 
proper understanding of the results. Perhaps the 
obstacles that now interfere with the A ive of 
knowledge of research work might be overcome by the 
publication of consolidated and condensed reports by 
the Highway Research Board acting in cooperation 
with other agencies. The large losses in the highway 
field which can be traced to an incomplete dissemina- 
tion of information with regard to the results of impor- 
tant researches emphasize the value of such a service. 

REPORT OF COMMITTEE ON ECONOMIC THEORY OF HIGHWAY 
IMPROVEMENT 

In representing his report, Prof. T. R. Agg, chairman 
of the committee on economic theory of highway im- 
provement, touched on the scope of the committee’s 
work, and drew attention to the fact that research in 
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this field involves studies of the road surface and the 
cost of operating vehicles. The determination of econ- 
omic relationships must include studies of the cost of 
constructing and maintaining each type of surfacing, as 
well as the cost of operating traffic over it. 

The cost of operation has to be reduced for study to 
the factors entering into it, such as the wear and tear 
on the vehicles used, gasoline and oil consumption, tire 
wear, etc. In turn, gasoline and oil consumption are 
affected by the rolling resistance which must be over- 
come by the engine in driving the car. Test results 
show a variation of from 20 to 700 pounds per ton in 
rolling resistance at a speed of 10 miles an hour. 
Except on a smooth pavement, at slow speeds, there 
appears to be no important difference in rolling resist- 
ance between low pressure tires and standard tires. 
Gasoline consumption may also be affected by gradient. 
Experiments show that the rate of tire wear is affected 
by the type of surfacing. It also appears to be affected 
by the amount of inflation. 
By such studies as those on which reports have been 

rendered, as here briefly referred to, and those under 
way or proposed, a considerable body of data on the 
cost of operating traffic on various types of surfacing 
is being built up. 

COMMITTEE ON STRUCTURAL DESIGN OF HIGHWAYS 

A. T. Goldbeck, of the United States Bureau of 
Public Roads, chairman of the committee on structural 
design of highways, submitted his report in several 
sections, the first of which dealt with the various investi- 
gations in progress in connection with the determination 
of the characteristics of subgrade soils and the develop- 
ment of methods of improving bad subgrades. 

Subgrade investigations.—It is believed that the in- 
troduction of such granular materials as sand, gravel, 
cinders, etc., in the subgrade not only tends to reduce 
the capillary tension in the subgrade soil but allows 
condensed moisture to be deposited on a subgrade 
made up of materials the bearing value of which is not 
so greatly decreased by moisture, but as yet no very 
definite relation has been determined between capillary 
moisture, as determined in the laboratory, and the 
maximum moisture content which may be found in the 
subgrade under a pavement. 

Design of concrete slab.—The conclusions from a 
rather elaborate series of tests on the effect of static 
loads on road slabs were presented. Among the more 
important facts brought out, the following appear: 

Plain concrete of 1:3:6 mix offers resistance to 
impact ranging from about 60 per cent to 80 per cent 
of that developed by plain concrete of 1:1144:3 mix. 
In all cases the slabs tested appear to offer a greater 
resistance to impact than to static loads. 

From the studies of motor truck impact, it appears 
that little impact is developed by pneumatic tires even 
on rough granite block pavements. Solid tires, on the 
other hand, develop stresses ranging from 200 to 500 
per cent and more of the static load stresses. Cushion 
tires, depending on their design, develop impact 
stresses intermediate between those developed by 
pneumatic tires and those developed by solid tires. ~ 

The tests made on skew Footy show that higher 
reaction stresses will exist at the obtuse angle end of 
the abutment than at the acute angle end. Some idea 
of the variation in stress between the two ends of the 
abutment can be had from the fact that for a 60 
degree skew arch both the horizontal and the vertical 
reactions at the acute angle end are practically zero. 

Fatigue in concrete-—An extended paper on_ the 
fatigue of concrete was presented by Dr. W. K. Hatt 
of Purdue University. The divergency of opinion 
which has existed as to the elastic limit of concrete 
was noted and discussed. The conclusion drawn was 
that this divergence is probably due to the use of 
imperfect instruments, to the age of the samples tested 
and to the amount of moisture present in the samples. 
For tests in this field the use of concrete which has aged 
from nine months to a year was recommended. 

The investigations of fatigue which were reported 
indicate that for specimens over six months old the 
endurance limit under repeated stress is about 55 per 
cent of the static load capacity. Specimens aged 28 
days can not be depended upon to have an endurance 
limit of over 40 per cent. Rest periods do not appear 
materially to affect the fatigue limit of well-cured 
concrete. Stresses above the fatigue limit cause 
progressive deterioration. From this it would appear 
to be desirable to so design concrete highways that the 
maximum loads which they must carry will cause 
maximum fiber stresses not to exceed 50 per cent of the 
modulus of rupture. 

COMMITTEE ON HIGHWAY FINANCE 

H. R. Trumbower, of the Bureau of Public Roads, 
chairman of the committee on finance, stated that, in 
considering highway finance, one of the first problems 
which arises is the selection of an appropriate basis for 
the apportionment of the cost of construction and 
maintenance among those benefited directly and those 
benefited indirectly. This leads at once to a study of 
motor vehicle traffic and the taxes now imposed on this 
traffic. Of these, the license fees and the gasoline taxes 
go almost entirely into the highway funds and, for 
1924, are expected to provide one-third of the money 
expended on construction and maintenance. This 
proportion is considerably greater than it was in 1921 
when only about one-seventh of the money expended 
on highway construction and maintenance was collected 
in this way and this increase indicates the prevailing 
tendency toward the levying of heavier taxes on motor 
vehicles. To determine whether this tendency is 
proper and should be encouraged will require in- 
vestigation in such fields as the effect of improved roads 
on adjacent land values, relative use of city streets 
and rural highways, personal property taxes on motor 
vehicles, etc. Only after careful studies in these and 
in related fields will it be possible to determine whether 
the present scheme of taxing motor vehicles makes for 
a thoroughly equitable and satisfactory distribution 
of taxes among those benefited. 

In his discussion of highway finance Frank Page, 
chairman of the North Carolina State Highway Com- 
mission, presented an interesting analysis of contracts 
defaulted in North Carolina. On a $75,000,000 con- 
struction program involving 700 contracts, 35 failures 
involving 21 contractors have been recorded. Nine- 
teen of these 34 contracts were in the hands of con- 
tractors devoid of experience. They had practically 
no equipment which, of course, means that they had 
no funds. Five of the contractors had experience but 
had failed in other States and so had come to North 
Carolina without funds. Six of the failures were due 
to neglect of business. Two of the contracts were in 
the hands of “ordinary, everyday crooks” who “ went 
onto the job with the full determination to milk it.” 
The last two failed because they underbid. 



Mr. Page expressed the view that more care should 
be exercised by the companies bonding contractors. 
The present practice of making the premium large 
enough to enable bonding companies to carry losses of 
this sort is unfair to the good contractors and unfair 
to the State. 
A lively discussion followed the presentation of this 

paper indicating that the present practices in regard 
to selecting risks, calculating premium rates, and 
taking care of defaults involve many problems which 
deserve careful and thoughtful investigation. 

REPORT OF COMMITTEE ON HIGHWAY TRAFFIC ANALYSIS 

G, E. Hamlin, of the Connecticut Highway Commis- 
sion, chairman of the committee on highway traffic 
analysis, stated that the automobile saturation point is 
a matter of great importance in the determination of 
future traffic, but added that it appears that this point 
can not be determined on the basis of any existing data. 

The importance of a study of the question of adequate 
rights of way to protect future traffic developments 
was urged. “Bottleneck” points on existing high- 
ways often cause a reduction in traffic-carrying ca- 
pacity. Highway engineers should study and eliminate 
these. Minimum speed laws are needed to develop the 

_ full capacity of highways. The probability that the 
larger part of the accidents occurring outside of urban 
districts are directly chargeable to slow-moving ve- 
hicles is another reason for suggesting minimum speed 
laws for heavy-traffic roads. ore attention to the 
relation of the highway wearing surface to traffic 
needs was stressed. Many miles of wearing course 
capable of carrying traffic 365 days in the year are 
needed rather than a few miles of high-class pavement. 

The purpose of highway transport surveys was dis- 
cussed. These should (1) determine daily, seasonal, 
and yearly traffic and its distribution over the State, 
(2) estimate future traffic, and (3) show the relation of 
traffic to traffic factors. From the data so secured 
highways should be classified and appropriate widths 
for the various classes developed. 

The discussion was led by John N. Mackall, chair- 
man and chief engineer of the Maryland State Roads 
Commission. Mr. Mackall invited attention to the 
following quotation from Wellington, “* * * the 
ieee preeminence given by engineers * * * to 
the pettiest details of how to build the separate works 
which go to make up a highway, to the neglect of the 
larger questions of where to build and when to build 
and whether to build at all, has in it something that is 
at once astonishing and discouraging * * *.” The 
real test for a highway transport study, said Mr. 
Mackall, is: ‘‘ Does such a survey furnish road author- 
ities with data that assist in the proper location and 
design of new highways?” To meet this need fully, 
traffic studies should develop rating curves from which 
to determine the relative meaning of coincident and 
subsequent traffic counts. Such curves would form 
an adequate basis for determining maintenance cost 
fluctuations and would serve as the first step in solving 
the larger problem of making dependable estimates of 
traffic to be expected on proposed improvements. 

The second step in answering the larger questions of 
when to build, where to build and whether to build at 
all, questions which must be answered if real economy 
is secured in the development of any large highway 

program, involves the determination of how the traffic 
is likely to be affected by those factors known to affect 
traffic. Most of these factors, such as the proximity 
of large cities, manufacturing enterprises, points of 
historical interest, touring, etc., are well recognized but 
no rules for determining their effect on the traffic on 
proposed highways have, as yet, been developed. 

Finally, rational rules for assigning value to the 
service rendered to highway traffic are needed. 
Valuable contributions have been made in this field, 
but it can not fairly be said that there now exists any 
uniformly recognized standard by which to determine 
whether the value of a proposed highway improve- 
ment will exceed the value of the unimproved road 
that it may replace by enough to justify the cost of its 
creation. 

The objective is the development of a basis for the 
rational statement of economic values which will 
enable responsible engineers to obtain estimates. of 
service value that are of the same order of merit as the 
estimates of cost now so commonly used. 

Prof. A. H. Blanchard of the University of Michigan 
spoke on the topic, ‘‘ Comprehensive research program 
justified because of increase in efficiency in highway 
Improvement and economic utilization of highway 
transport.’’ Professor Blanchard showed that various 
economies in design and in the selection of materials 
result from research but that one of the greatest 
savings accrues to highway transport which is benefited 
both by reduced cost of operation and by increased 
comfort and convenience. 

REPORT OF COMMITTEE ON CHARACTER AND USE OF ROAD MA- 
TERIALS 

H. S. Mattimore, of the Pennsylvania State High- 
way Department, chairman of the committee on 
character and use of road materials, reported that the 
committee’s investigations indicate that the durability 
of concrete is affected by the durability of its con- 
stituent aggregates. It also appears that the nature 
of the aggregates may be the principal factor in 
expansion failures in concrete road slabs and bases. 
Other items of importance mentioned in the report 
are that the Jones-Talbot rattler test does not appear 
to be a reliable test for wear; that proportioning of 
concrete aggregates by weight seems to have merit; 
and that accelerated tests of aggregate for soundness 
are advisable. 

As a part of the‘discussion of this report, W. E. 
Hawkins, maintenance engineer for the North Carolina 
State Highway Commission, presented a paper on 
‘“The economic selection of road building materials.” 
Mr. Hawkins drew attention to the fact that most 
States possess large supplies of materials which do not 
meet the generally accepted standards, and so can not 
be appropriately used under standard specifications. 
Under such conditions it is the duty of engineers to 
make careful studies not only of the available materials 
themselves but of the lee of unusual proportions 
and methods to ascertain whether practices can be 
devised which will justify their use. Such a program 
involves the use of laboratory facilities constructively, 
that is, for the determination of whether to use and how 
properly to use available materials, which represents 
an advance over the older practice of using laboratory 
facilities for the determination of whether materials of 
construction comply with pre-established standards, 



REPORT OF THE COMMITTEE ON MAINTENANCE 

The report of the committee on maintenance, W. H. 
Root, of the Iowa Highway Commission, chairman, 
called attention to the importance of snow removal, 
and added that more attention is required on the side 
of economy. Figures collected indicate that plows 
should be pushed rather than pulled; that ordinary 
push plows do not perform satisfactorily where the 
snow is over 24 inches deep and that improved ae 
plows and rotary plows are to be had and should be 
used where heavier snowfalls are to be expected. A 
great deal of work can be saved by the erection of 
snow fences. 

In the field of maintenance accounting 1t was recom- 
mended that highway officials adopt a standardized 
distribution of expenditures. Three hewines were sug- 
gested, as follows: (1) Maintenance administration; 
(2) maintenance proper; and (3) betterments. 

In his discussion of the committee’s report, under 
the topic ‘‘The necessity of research to reduce the cost 
of highway maintenance,’ W. H. Connell, deputy 
secretary of highways and engineering executive, 
Pennsylvania State Highway Department, emphasized 
the need of more effective organization and of the 
application of standards of output and of cost per unit 
of output in developing real efficiency in maintenance. 

He also laid emphasis on the need of more complete 
recognition of the fact that restorations and replace- 
ments are strictly maintenance operations. 

©. A. Hogentogler, of the Highway Research Board, 
read an interesting statement on the plans for a fact- 
finding survey on the economic value of reinforcing in 
concrete roads, which is being conducted by the board. 
In this study an effort is being made to determine 
from a survey of existing roads, the influence of steel 
reinforcement as affected by traffic, subgrade and cli- 
Matic conditions, the conditions under which rein- 
forcement is especially beneficial, the effect of slab 
design on the efficiency of reinforcement, and the rela- 
tive cost of plain and reinforced concrete roads con- 
sidering the initial investment, annual maintenance, 
and renewal charges. 

The executive committee selected for the ensuing 
year is as follows: A. N. Johnson, chairman; W. H. 
Connell, vice chairman; Charles M. Upham, director; 
T. R. Agg, A. J. Brosseau, H. C. Dickinson, Thomas 
H. MacDonald, William Spraragen. 
A complete report of the proceedings of the fourth 

annual meeting of the Highway Research Board may 
be secured by addressing Charles M. Upham, director, 
Highway Research Board, National Research Council, 
2101 B Street NW., Washington, D. C. 

(Continued from page 4) 

THE USEFULNESS OF THE RELATION 

By application of this established relation, it is pos- 
sible to make observations on the penetrations and 
corresponding loads of a small test area and to interpret 
results therefrom in terms of the supporting power 
that can be expected from a larger area. If a support- 
ing mass of subgrade can be accurately reproduced in 
the laboratory and an accelerated supporting value 
test can be performed upon it with a small area, then 
its supporting value in the field under proposed or 
existent superimposed areas can be predicted or de- 
termined. This relation should also be valuable in 
predicting the penetrations of large areas when the 
penetration of a test area is known. 

In connection with the results of this investigation, 
attention is called to the conclusion drawn by A. Bijls, 
chief of highways and bridges, of Belgium. An ex- 
tract from his article on results obtained from an 
investigation which he conducted follows: 

THE INFLUENCE OF THE SIZE OF SURCHARGED AREA ? 

The great influence of the size of surcharged area 
should be considered as one of the most important 
results of these experiments. When the area increases 
the elastic compression increases but , decreases. 

One might ask why this has not been established 
before. It is necessary to find the cause in the fact 

* Extract from article in ‘‘Le Genie Civil” of May 26, 1923, by A. Bijls, chief, 
highways and bridges of Belgium. 

that, undoubtedly there never has been an attempt 
made to separate systematically the elastic compres- 
sion from the permanent compression. 

There probably exists a sufficiently definable relation 
between supporting power and permanent deformation; 
this force is probably independent of the elastic de- 
formation. 

For the permanent deformations, we may refer to 
the permanent slipping of soil particles. This necessi- 
tates a shift of equilibrium eatin the supporting mass 
of the soil; also, the increase of permanent deformation 
will constitute, in general, a certain indication that we 
are approaching the limit of the supporting power. 

Since the mass, under a surcharged area, is seldom 
found largely in a definite state of equilibrium, it is in 
general impossible to establish the condition under 
which it exists in the field. We can not therefore 
make absolute theoretical deductions and one must 
have recourse to more fundamental hypotheses. 
We can therefore assume that the permanent com- 

pressions are produced by displacements of sand grains 
and that elastic compressions are the result of elastic 
deformations or slipping, and in turn, that the pressure 
is transmitted under an angle of 45°. 

Upon these hypotheses, the author arrives at the 
conclusion that the elastic compression of a surcharged 
area is proportional to the side of the area or to the 
square root of A, if the area is not square. The experi- 
ments seem to confirm this result. 

—— 
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RECENT CONCLUSIONS IN HIGHWAY RESEARCH 
By A. T. GOLDBECK, Chief, Division of Tests, U. S. Bureau of Public Roads 

O one in a position to survey the whole of the 
wide field of highway research and appreciate the 
relations of the various efforts made by numerous 

agencies one to another, there has come within the last 
year a very Peace sense of a gradual convergence 
of the facts brought out by these efforts toward a well 
defined and rational process of highway design. View- 
ing the various single experiments separately one is 
apt to lose the sense of their position in the entire 
scheme and to miss the full appreciation of their value. 
It is therefore a good thing to stop for a moment 
occasionally and review the whole field, and obtain a 
new orientation to guide our further progress. 

In attempting such a review at this time it may be 
well to consider not only the definite conclusions that 
have been reached, but also to include certain well 
defined indications which may later resolve themselves 
into conclusions. Through a knowledge of these in- 
dications it may be that much valuable time will be 
saved in the process of making the results of research 
a part of everyday practice. 

THE SUBGRADE 

All highway engineers have observed the fact that 
the soils encountered in highway construction are 
variable in their behavior. They have observed that 
some of these soils shrink and crack when they become 
dry and swell upon taking up moisture; that some of 
them absorb large quantities of moisture by capillarity 
from below and are utterly incapable of carrying load 
when in a moist condition, while others, retaining uni- 
formly low moisture content, are very stable, change 
only slightly in volume, and are affected little in their 
load-carrying ability. The characteristics of the vari- 
ous soils shade from one of these extremes to the other, 
and the question naturally arises as to what is the 
dividing line between good and bad soil characteristics 
from the highway engineer’s standpoint and how should 
he take account of these variable characteristics of soils 
in highway design. 

One of the first steps toward an answer to this ques- 
tion was to develop suitable tests in the laboratory for 
classifying soils according to characteristics which 
would be significant to the highway engineer; and we 
may now say definitely that we have succeeded in 
developing suitable tests for differentiating the various 
shades of quality in soils. - The details of the tests 
developed have been described elsewhere. They in- 
clude determinations of shrinkage, moisture equiva-~ 
lent, water absorbed by capillarity, slaking value, dye 
adsorption and bearing value, as well as the more 
familiar mechanical analysis.!. A combination of some 
of these will serve to identify the essential qharacter- 
istics of a subgrade material. 
We have reached the stage where, for all practical 

purposes, we can conduct these tests in such a way that 
we can get identical results with identical samples. 
This is an important conclusion to the testing engineer 
but the highway engineer wants to know what test 
values are the significant ones, what values indicate 
bad soils and what values good soils. Research has 
advanced a long step in this direction but a true 

1 See PuBLIC ROADS, Vol. 4, No. 3. p. 15. 
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evaluation of the test results of subgrade samples 
must ultimately be arrived at through the coordination 
of a large number of laboratory tests with field behavior. 
Such coordination is a difficult task, for in addition to 
the influence of the subgrade in causing success or 
failure of a road surface, the coordinator must recognize 
and eliminate the influence of a large number of factors 
such as weight of traffic, condition of drainage, strength 
of materials, method of construction, and suitability 
of the design of the road surface for the traffic carried. 
By and large, however, it has been possible to make a 
step in the direction of coordinating laboratory test 
results with field behavior. Much credit is due to 
A. C. Rose, of the Bureau of Public Roads, District 
No. 1, Portland, Oreg., for his successful efforts toward 
this end. As a result of his work, the indications are 
very strong that when a soil has a so-called ‘moisture 
equivalent’’ in excess of 20 per cent or a lineal shrink- 
age value in excess of 5 per cent, it is apt to be unstable 
in that it will take up excessive amounts of moisture 
and ‘consequently heave readily due to frost action or 
change excessively in volume due to moisture changes. 

Under such conditions special precautions are neces- 
sary to imsure against failure of the pavement due 
to subgrade movement. Thus, drainage, both sur- 
face and tile, might have to be provided to remove 
water in excess of capillary moisture. The pavement 
might, however, be strengthened by increasing the 
depth, by the use of steel or by the use of a layer of 
stable subgrade material. Sand or a similar cushion 
might be provided under the road surface or the soil 
might be treated to render it more stable by the use of 
admixtures. 

Suitable field tests have been developed for determin- 
ing the so-called “moisture equivalent” of the soil 
and this test combined with the shrinkage test, which 
might also be made in the field without elaborate 
equipment, gives an excellent idea as to whether or not 
suberade trouble is to be expected. The ability to 
perform these two tests and to interpret them should 
be a part of every field engineer’s equipment, and they 
should be used and the results noted, for they are 
highly significant. 

THE IMPROVEMENT OF BAD SUBGRADES 

When a bad soil is encountered in road construction 
the question naturally arises as to what is the best 
thing to do with that soil or with the design of the road 
under construction. Years ago railroads both in this 
country and abroad discovered that in order to prevent 
the subsoil from working up through stone ballast it 
was necessary to provide a layer of finely granular 
material. In general, cinders have been used for this 
purpose but so also have bank-run gravel, ashes, and 
in one case it has been reported that cement was mixed 
with the soil. A bad soil primarily is one which has 
the ability to take up a large amount of water by 
capillarity, and which swells and shrinks excessively 
with changing moisture content, and which also has 
low bearing value in its moist condition. Such proper- 
ties make 1t a poor supporting medium for highways 
and when the subgrade is to be improved it should be 
treated in such a way that: (1) It will have low shrink- 
age and expansion; (2) it will have high bearing value 
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at its highest moisture condition; (3) it will retain as 
little moisture as possible. 

The sand-clay road furnishes an excellent example of 
the treatment of bad subgrades. Sticky, plastic clay 
is made into a stable nonyielding surface by the addi- 
tion and admixture of sand. Cinders, or other fine 
granular material will accomplish the same end. ‘These 
yrocesses are so well developed that the following can 
6 set down as an absolute conclusion: 

A poor subgrade material can be trans- 
formed into a good subgrade by the addition 
of sufficient fine granular material or by the 
use of a layer of suitable granular material. 

EFFECT OF SIZE OF BEARING AREA ON BEARING VALUE 
If the bearing value of the subgrade is important, 

the question immediately arises as to what effect the 
size of the bearing area has on the supporting value of 
the soil. The importance of the series of investigations 
described for the first time in this number of PuBLic 
Roaps is that it apparently provides the answer to this 
question. As the tests themselves are described on 
another page it will not be necessary to describe them 
in detail here, or to go into these conclusions except to 
repeat their most important conclusion, as follows: 

When like intensities of load are applied to 
bearing blocks of different size the relative 
penetrations of these areas into the soil will 
vary as the square roots of the areas. 

This means that a large area will penetrate more than 
a small area when both are loaded with the same load 
per square foot. This will be an important conclusion 
to those interested in the design of footings for struc- 
tures. It applies so long as the loads and the penetra- 
tions are Paces small thus enabling the soil to act 
largely elastically. Its application to large areas rest- 
ing on a subgrade of unlimited depth has yet to be 
demonstrated. 

BLANKET COURSES 

In many States it is still the practice to build ma- 
cadam on all kinds of subgrades in exactly the same 
manner as when this type of construction was intro- 
duced by John LoudenMcAdam. Alayerof rather uni- 
form coarse stone is laid directly on the subgrade in this 
type of construction. Under the action of the present- 
day heavy loads, and under the action of the roller, the 
subgrade materials, especially plastic clay materials, find 
their way up through the voids in the stone. Thestone 
is thus lubricated with moist clay and the surfacing is 
thereby rendered much less capable of supporting loads 
because its effective depth is greatly decreased. 

It has been proven not particularly by 
theoretical tests but rather by actual con- 
struction in a number of different localities 
that a blanket course of fine granular material 
such as cinders, bank sand or gravel is very 
effective in preventing the clay subgrade from 
penetrating upward into macadam and its re- 
sistance to loads in this way is very greatly 
increased. 

There is nothing new about this method. It has 
been practiced for years but its advantages seem not 
to have been universally recognized and it is well to 
emphasize them again at this time. 

DRAINAGE 

High moisture content in the subgrade is detrimental 
to road surfaces: (1) Because the bearing value of the 

subgrade is greatly decreased; (2) because the effect 
of freezing in causing unequal heaving of the road 
surface is more severe; and because (8), when the mois- 
ture dries from the subgrade, this drying is accompanied 
by considerable shrinkage of certain types of sub- 
grades with a resulting nonuniform support for the road 
surface. The amount of harm which moisture can do 
is, of course, closely linked with the characteristics of 
the subgrade material. Moisture may be said to exist 
in the subgrade in the form of vaporized moisture, 
capillary moisture and free moisture. Free water is 
water which will drain out of the soil if a drainage sys- 
tem is provided, whereas the amount of capillary mois- 
ture is unaffected by any drainage system. When 
soils have an ability to take up large amounts of capil- 
lary water all types of drainage seem to be ineffective 
in preventing these soils from becoming very wet under 
the road surface and generally the water is supplied by 
capillarity at a higher rate than it can evaporate from 
beneath the surface. The investigations thus far made 
point very strongly to the following facts: 

Water exists in the subgrade: (a) As free 
water, (b) as capillary moisture; (c) as vapor- 
ized moisture. 

The moisture content of the subgrade is apt 
to increase under low temperature conditions 
due: (a) To the condensation of vaporized 
moisture, (6) to increase in capillary moisture. 

Drainage systems should be provided wher- 
ever free water is likely to exist but such sys- 
tems are quite generally ineffective in remov- 
ing any moisture in excess of free moisture. 

EXPERIMENTS IN CONNECTION WITH ROAD DESIGN 

A number of investigations have been made during 
the past year in connection with road design. They 
include both impact and static load tests on road slabs 
of different design laid at Arlington, Va., stress measure- 
ments in concrete roads, and special observations on a 
reinforced concrete road known as the Columbia Pike, 
near Arlington, Va. 

The tests conducted at Arlington were made on 124 
slabs of different design, some of them laid on a wet 
subgrade and some on a dry subgrade. They were 
tested in positions which are known to give the most 
severe stresses, namely, at the corner and along one 
of the edges. The tests were made first with an impact 
machine delivering blows, the range of which covered 
the range of blows known to be delivered by actual 
motor trucks. The conclusions thus far reached with 
regard to the different slabs are as follows:? 

The resistance of a road slab depends in part 
upon the supporting value of be subgrade. 
A subgrade of Sina supporting value materially 
increases the resistance to impact pressure. 

pact resistance of rigid slabs varies 
neither directly as the depth of the slab nor as 
the square of the depth but as some power less 
than two. 

In general, plain concrete slabs show no 
more resistance to impact delivered at the edge 
than to impact delivered at a corner. 

Transverse cracks and longitudinal cracks 
near the sides of a road slab may be caused by 
impact delivered at the edge of the slab. 

* Impact tests on concrete pavement slabs, by L. W. Teller, PuBtic RoapDs, April, 
1924, vol. 5, No. 2, p. 1. 



Plain concrete of 1:3:6 mix offers resist- 
ance to impact ranging from about 60 per cent 
to 80 per cent of the resistance of plain con- 
crete of 1:114:3 mix. The lean mix also 
shows more variation in strength. 
_ Reinforcing steel in concrete slabs, if present 
in sufficient amount and so placed as to receive 
tensile stress, adds to the resistance of the slab 
to impact. 

Reinforcing steel placed longitudinally and 
transversely in equal percentages is more 
effective in preventing corner failures than the 
same amount placed in one direction. 

For a given percentage of steel, small 
deformed rods closely spaced seem to be more 
effective than large deformed rods widely 
spaced. 

There is very little evidence of cushioning 
by bituminous tops on concrete bases at tem- 
peratures of 90° i or less. 

In these tests there was no evidence that 
bituminous tops on concrete bases added to 
the slab strength of the base, with the possible 
exception of the 4-inch and 6-inch bases on the 
dry subgrade. 

n some of the tests there was evidence that 
while the presence of the steel did not assist 
greatly in preventing the formation of the 
first crack it did prevent the development of 
the crack and the further failure of the slab. 

The portions of slabs left unharmed have sub- 
sequently been tested under static load, both at the 
corners and along the edges with the following results: 

The static resistance of both the corners and 
the edges of rigid slabs is affected by the 
nature of the subgrade; the more resistant the 
subgrade to load, the greater the resistance of 
the slab and vice versa. 

The resistance of rigid slabs to static loads 
_ does not vary with the square of the depth but 

as some power greater than one and less than 
two. About 1.75 is the average value, the 
exponent being higher for slabs on the wet 
Aiperads and lower for those on the dry 
subgrade. 

The corners and edges of concrete slabs of 
the size and thickness tested offer about the 
the same degree of resistance to static loads. 

The presence of mesh reinforcement as 
employed in the slabs under consideration, 
does not increase the load-carrying capacity of 
concrete slabs but does give rise to a tendency 
to hold together and resist complete failure 
after initial or elastic failure has taken place. 

Bituminous topping laid on rigid slabs does 
not increase the resistance of the slabs to static 
load. 

At the ordinary summer temperatures en- 
countered, bituminous slabs of the types 
tested show no slab strength. The load 
supporting value of such slabs is greatly 
m Nuenead by the subgrade support. 

STRESS MEASUREMENTS IN CONCRETE PAVEMENTS 
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ments of fiber deformations have been made in con- 
crete pavements of different design in order to deter- 
mine the effect of traffic loads on the bending stresses 
fucose in the slabs. The instrument has proved to 
e useful for determining both static and impact 

stresses and furnishes a means for determining whether 
or not concrete roads are overstressed. 

The procedure in making these measurements has 
been to install a number of graphic strain gauges just be- 
neath the surface of concrete pavements, placing the 
instrument in positions which will permit of determin- 
ing longitudinal and transverse stress in important 
positions throughout the slab. Heavy trucks are then 
run over the pavement in different positions, first with 
the rear wheels along the outer edge, then several feet 
from the edge, and finally with the wheels trailing along 
the center Joint, if any exists. The following conclu- 
sions are drawn from these tests: 

In slabs of uniform thickness the highest 
longitudinal stresses exist along the edge and 
along the center joint. They occur with 
wheels running directly over the edge of the 
slab and along the center joint. The highest 

- tension might occur either at the bottom or the 
top of the slab at the edge. High tension also 
occurs transversely at a transverse joint. The 
tension developed at intermediate positions 
is very much smaller. It is therefore most 
important that the edges of a slab be made of 
sufficient thickness so that the bending re- 
sistance along the edge will not be exceeded. 
This apples to all edges, whether they be 
along ae side, at the center joint, or at a 
transverse joint. 

If there is a center joint with no means for 
transferring load across the joint, the edge 
along the center joint is stressed to about the 
same amount as the outside edge of the pave- 
ment and should be of the same thickness. 
When an effective means is provided, how- 
ever, for transferring load (such as tongue- 
and-groove construction), the stress along the 
center joint is considerably decreased. 

High tension is produced in the top of the 
slab near acorner. This tension occurs with a 
heavy wheel load at the corner. It is, how- 
ever, considerably less than the longitudinal 
tension along the bottom outside edge of the 
slab directly under a heavy wheel load. 

A concrete slab should have a thickened 
edge in order to receive uniformly distributed 
maximum stress under traffic. This conclu- 
sion bears out the conclusions which have 
been reached as a result of the Pittsburgh 
Test Road and of the Bates Test Road. 

When a center longitudinal joint is provided 
with an efficient means for transferring load 
across the joint, the thickness of the slab at 
the joint should be equal to not less than 0.7 
of the thickness at the outside edge in order 
that like maximum stresses will be received 
in these two positions. 

It is quite strongly indicated that any road 
By the use of a graphic strain gauge developed by 

the Bureau of Public Roads a large number of measure- 

3 Static load tests on pavement slabs, by J. T. Thompson, PUBLIC RoaDs, Novem- 

ber, 1924, vol. 5, No. 9, p. 1. 

roughness or truck conditions tending to pro- 
duce impact will likewise greatly increase the 
fiber deformation and the possible likelihood 
of cracking on this account. 
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It is quite evident that maximum stresses 
under the edge of the slab are produced only 
with the truck wheel trailing along that edge, 
and that these stresses are very greatly re- 
duced when the truck wheels trail along a line 
no more than 1 foot distant from the edge. 
This suggests that where curbs are used which 
prevent the traffic from reaching the extreme 
edges, thickened edges probably are not neces- 
sary. 

INDICATIONS FROM COLUMBIA PIKE EXPERIMENTS 

The Columbia Pike investigations have been de- 
scribed in the October, 1924, issue of PusLtic Roaps.* 
Briefly the road consisted of 32 sections of both plain 
and reinforced concrete. The variations in the sections 
consisted of changes in thickness, changes in cross- 
section design, the use of cinders under some of the 
sections and the use of various percentages of rein- 
forcing steel. 

Careful observations were made of the development 
of cracking in the sections and subgrade samples were 
taken from time to time to note the moisture content 
and also physical characteristics of materials under 
various sections of the road. 

An analysis of the subgrade samples and of the 
physical condition of the pavement as revealed by the 
record of longitudinal cracking indicates that the 
subgrade has a decided influence on the condition of 
the pavement. Materials subject to high volumetric 
change and having high ‘moisture equivalents” 
generally produce the most extensive longitudinal 
cracking. The most striking observations from these 
tests, however, have to do with the behavior of the 
various sections as influenced by the amount of longi- 
tudinal reinforcing steel. 

In sections which have from eight to fourteen 
34-inch round deformed rods placed lognitudinally, 
transverse cracks have occurred at frequent intervals 
a few feet apart. These cracks, however, are very 
fine. Sections which have eight 84-inch rods have 
not cracked as frequently as those having fourteen 
34-inch rods. One section having four 1-inch rods has 
cracked shghtly less than sections having eight 34-inch 
rods. Sections which have reinforcing varying from 
four 34-inch to four 14-inch rods are free from fine 
transverse cracks but have wide, open cracks similar 
to those found in plain concrete sections but spaced at 
greater distances—60 to 70 feet—as compared with 
40 to 50 feet in plain concrete slabs. Sections which 
are reinforced with 25 and 50 pounds of mesh per 100 
square feet have no fine cracks, but do have open 
cracks spaced at greater distances than would ordi- 
narily be found in plain concrete. In order to discover 
the cause for the action of these several sections, the 
cracks were opened in a number of instances, thus 
exposing the steel. 

It was found that in those sections having eight or 
more 84-inch deformed round bars, no change in 
diameter of the bars had occurred. In the section 
reinfdrced with four 1-inch bars, slight reductions 
in diameter were found. In the section having four 
34-inch bars, the diameter was reduced to 5 inch. 
In the sections having eight 44-inch rods the diameter 
has been reduced to approximately 3¢ inch, while in 

4 Reinforcing and the subgrade as factors in the design of concrete pavements, by 
J. T. Pauls, PUBLIC Roaps, October 1924, vol. 5, No. 8, p. 1. 

still another section having only four 14-inch bars the 
bars had completely broken with a reduction in 
diameter to about 14 inch. In sections reinforced 
with mesh to the extent of 25 and 50 pounds per 100 
square feet, the mesh was completely broken at the 
cracks. The indications are very strong therefore: — 

(1) That longitudinal steel up to a certain: 
amount does increase the spacing of trans- 
verse cracks and these cracks will open on 
contraction. 

(2) That longitudinal steel above this 
amount might produce fine transverse cracks, 
spaced in some cases only a few feet apart. 

TEST OF SKEW ARCHES 

In the past there have been failures of skew arches 
generally through excessive stress at the obtuse angle 
end of the abutment and there are a number of instances 
of skew arches now constructed which are showing 
signs of distress at this location. Bridge engineers are 
in a quandary as to just what constitutes a proper basis 
for the design of arches in which the abutments are 
inclined at an angle with the axis of the roadway. A 
series of tests which is still under way at the Bureau of 
Public Roads is showing some very striking indications 
of the wide variation in abutment reactions, both 
horizontal and vertical, depending upon the angle of 
skew. Thus far arches have been tested with 60°, 45°, 
and 30° angles of skew and a 15° arch is now under load. 
The arches are 7 feet in span, measured on the center 
line of the roadway, the ring is 414 feet wide at night 
angles to the center line of the roadway and the rise 
is one-fifth of the span. 

The principal object sought is the determination of 
the distribution of abutment reactions, both horizontal 
and vertical, from one end of the abutment to the other. 
The results obtained on the three arches tested are 
very clear in showing that by far the greater amount of 
the load is transmitted to the obtuse angle end of the 
abutment. In the case of the 60° skew both the vertical 
and horizontal reactions at the acute angle end are 
practically zero and there is a straight-line distribution 
of vertical reaction from the acute angle to the obtuse 
angle end in all three arches. The more nearly the 
angle of the arch approaches a right angle, the more 
nearly uniform does the distribution of both vertical 
and horizontal reactions become. It would be pre- 
mature to draw definite conclusions from these tests 
at the present time but the indications are quite strong 
that for arches of these proportions the centroid of the 
vertical and horizontal reactions for a 60° skew is 
located one-third of the length of the abutment meas- 
ured from the obtuse angle, and that its location shifts 
between that point and the center as the angle of skew 
decreases. The above is a rather rough statement of 
the indications but a more detailed statement will be 
forthcoming shortly in a technical paper covering these 
investigations. 

IMPACT EXPERIMENTS ON BRIDGES 

Cooperative impact tests are now being conducted 
jointly between the Bureau of Public Roads and Iowa 
State College.’ Thus far the principal conclusion to 
be reached is that: 

5Impact tests on highway bridges, PUBLIC RoAps, September, 1924, vol. 5, No. 7, 
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The accurate determination of impact 
stresses 1s now possible with the use of several 
different types of instruments. It is also 
possible to measure the force of the blow 
delivered by motor trucks as influenced by 
a number of factors, such as bridge floor 
roughness, deflection, cushioning, etc. 

A number of impact stresses have been measured 
but definite conclusions are hardly forthcoming at the 
present time. 

EARTH PRESSURES ON BRIDGE ABUTMENTS OR RETAINING WALLS 

‘The various State highway departments make a 
wide range of assumptions with regard to earth pres- 
sures existing behind retaining walls. A very in- 
teresting series of tests has recently been completed in 
which soil pressure measuring cells have been embedded 
back of retaining walls during their construction and 
later, after the fill has been completed measurements 
of pressure have been obtained. These measurements 
are quite illuminating and they surely point to the 
necessity for recognizing the existence of higher earth 
pressures than are generally thought to exist. One 
series of tests includes the measurement of pressures 
back of a bridge abutment some 25 feet in height. 
The adjacent stream rises to a considerable height 
during the spring of the year and the filling material 
becomes thoroughly saturated and slowly dries out 
during the summer. The pressure readings in this 
particular case show conclusively that the pressures 
increase and decrease in accordance with the per- 
centage of moisture in the filling material which 
in this case was a clay-loam soil. The pressure 
varies from that which would be caused by a fluid 
weighing 44.1 pounds per cubic foot to that due toa 
fluid weighing 29.8 pounds per cubic foot. It is 
interesting to note that Rankin’s formula for pressure 
under the assumption of earth weighing 100 pounds 
per cubic foot with an angle of repose of 11% to 1 
gives a pressure equivalent to that of a fluid weighing 
28.7 pounds per cubic foot. 

Other tests made on bridge abutments in Washing- 
ton, D. C., show correspondingly high pressures and 
the pressure varies with the manner of filling. It is 
indicated very strongly: 

That provision for draining the fill should 
be one of the major features of the work 
which should be carefully designed and ex- 
ecuted in the construction of the wall or 
abutment and that the earth pressure should 
not be taken at less than that which would 
be developed by a fluid weighing 28 to 30 
pounds per cubic foot. 

INVESTIGATIONS DEALING WITH MATERIALS OF CONSTRUCTION 

Among the outstanding investigations made during 
the past year, from the standpoint of its possible 
economic importance, is the study of the bulking effect 
of moisture in sand. 

Concrete is ordinarily proportioned with the thought 
that the proportions used will give a certain minimum 
desired strength and certain desired qualities of 
workability and density. The general ideas which 
engineers now have with regard to the strength of 
concrete are based largely on laboratory tests in which 
the sand is invariably measured in an air-dry condition. 
In the field the sand is generally moist and is therefore 

bulked depending upon its moisture and fineness up 
to 25 per cent of its air-dry volume. ‘There is little 
wonder then, that concrete proportioned by volume 
with moist sand does not have the same characteristics 
as concrete proportioned in the manner ordinarily used 
in the laboratory nor need there be much surprise that 
field-proportioned concrete, in general, is harsher and 
does not possess the workability of concrete of the 
same nominal proportions as made in the laboratory, 
and, further, it is quite plain why the yield of field 
concrete is sometimes less than is anticipated. 

The bulking tests made during the past year at least 
point to the desirability of basing the proportions of 
concrete on the volume of sand as measured in its 
dry condition. The proportions would then have a 
much more definite meaning than they have at present, 
the sand now being measured without regard to its 
moisture content and condition of bulking. More 
study should be given to this subject. It has con- 
siderable significance. It is interesting to note that 
proportioning by weight as now practiced in Lows 
very largely eliminates the difficulty due to the bulking 
of sand, but other methods also may be employed. 

INVESTIGATIONS OF THE CHARACTERISTICS OF AGGREGATES SUIT- 
ABLE FOR CONCRETE PAVEMENTS 

One rather extensive investigation, completed during 
the past year at Arlington, Va., was made primarily 
for determining the limit of characteristics of aggre- 
gates suitable for use in concrete pavement construc- 
tion. Themain question involved was the determination 
of the minimum standard of quality. To answer this 
question a number of aggregates were imported from 
different sections of the country and a concrete-sur- 
faced circular track was constructed with these 
materials. This track was tested by a special-wear 
machine, first fitted with rubber tires alone then 
equipped with tire chains. 

The conclusions which have been drawn as a result 
of these tests are based on three premises: ° 

1. That on the average i8-foot concrete road, 
approximately 10 per cent of the total traffic moving 
in at directions passes over a band 6 inches in width 
at the point of maximum concentration. Therefore, 
the traffic passing over the test road should be multi- 
plied by at least 10 to obtain the equivalent volume of 
traffic on an actual pavement. 

2. That the comparative resistance of each_ test 
section to the surface wear produced by the tire chains 
is an indication of the comparative resistance which 
would be offered by the concrete to wear or disintegra- 
tion at the edges of exposed joints and cracks under 
service conditions. 

3. That conditions which cause surface wear, such 
as steel tires, tire chains tracking through snow, etc., 
are present to such an extent as to make it necessary 
to give the question of wear consideration in the 
selection of concrete aggregates. 

From the results obtained the following conclusions 
were drawn: 

That the rate of wear-of stone concrete is, 
in general, not affected by the coarse aggre- 
gate, provided the coarse aggregate is equal 
or superior to the mortar matrix in resistance 
to wear. 

6 Wear of concrete pavement tested, by F. H. Jackson and J. T Pauls, PUBLIC 
Roaps, May, 1924, vol. 5, No. 3, p. 1. 
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That excessive wear will result from the 
use of very soft stone as coarse aggregate 
even Tae used in conjuction with a mortar 
of satisfactory quality. From the results of 
these comparative tests, it would appear that 
stone with a percentage of wear over seven 
should not be used in concrete road construc- 
tion. 

That gravel concrete, in general, is at least 
as satisfactory from the standpoint of wear as 
stone concrete. 

That gravels consisting essentially of sili- 
ceous materials are superior as regards both 
the amount and uniformity of wear to those 
containing a preponderance of calcareous 
fragments. 

That gravels consisting of rounded particles 
are as satisfactory from the standpoint of wear 
as those consisting either wholly or in part of 
angular or crushed fragments. 

That small amounts of shale occurring in the 
coarse aggregate will cause both excessive and 
uneven wear. 

That the modified abrasion test for gravel in 
its present form is not an indication of the 
wear-resisting properties of coarse aggregates. 
It is suggested that if the severe impact action 
of the steel balls were decreased, much more 
indicative results would be secured. 

The blast furnace slags should prove satis- 
factory for use in concrete pavements provided 
the proportion of light, porous slag is so con- 
trolled that the weight per cubic foot will be 
at least 70 pounds. 

That the presence of large amounts of light, 
porous fragments in blast furnace slag will 
cause excessive wear. 

That somewhat better results are secured by 
the use of the smaller sizes of slag. 

That slag or stone screenings are, in general, 
unsatisfactory as substitutes for natural sand 
as fine aggregate in concrete road construction. 

That the copper and lead smelter slags used 
in these tests would make satisfactory aggre- 

gates for concrete road construction from the 
standpoint of wear. 

That coarse sands, other things being equal, 
show greater resistance to wear than fine 
sands. 

That the so-called ‘ tensile-strength-ratio” 
test is no indication of the wear-resisting 
properties of concrete made with these sands. 

That the Talbot-Jones wear test is not, in 
general, an indication of the wear which takes 
place under traffic. 

That neither the crushing nor the transverse 
strength of concrete is a measure of its wear- 
resisting properties. 

That the addition of hydrated lime in the 
proportion used in these tests does not affect 
the wear-resisting properties of concrete. 

That so far as resistance to wear alone is 
concerned, increasing the cement content 
beyond a cement-sand ratio of 1:2 does not 
materially affect the concrete. Leaner mixes 
on the other hand show marked increase in 
wear. 

That unusual precautions should be taken in 
using mine chats or other similar harsh-work- 
ing materials, so as to increase workability to a 
maximum and thus make possible a smoother 
surface finish. 

That, other things being equal, either an 
excessively dry or an excessively wet mix will 
show less resistance to wear than concrete of 
medium consistency. 

A number of other tests are under way covering a 
wide variety of subjects having to do with both ma- 
terials and design. From these researches indications 
and definite conclusions are gradually being drawn. 
All of these investigations should be of interest to the 
highway engineer. They involve such tests as fatigue 
of concrete, the effect of calcium chloride curing on 
concrete, investigations of bituminous materials, the 
study of the laws governing the stability of bituminous 
mixtures, causes of scaling of concrete roads, and a 
large number of other problems, each having an im- 
portant bearing on the production of better and more 
economical pavements and structures. 

COMPARISONS OF THE STRENGTH OF CONCRETE 
IN TENSION AND COMPRESSION 

By N. M. FINKBINER, Engineer of Materials, Oregon State Highway Commission 

During the 1922 construction season, the materials 
department of the Oregon State Highway Commission 
decided to run a few tension tests on concrete, to see 
if a general relation exists between the tensile and 
compressive stength. Some of the specimens were 
cast in the laboratory using a variety of materials, 
and some were cast in the field on the various concrete 
paving jobs then under construction. The laboratory 
specimens, both tension and compression, were cured 
in moist sand. In the field both classes of specimens 
were cured on top of the pavement, receiving the 
same conditions of curing as the pavement itself, 
which is standard Oregon practice. 

The forms in which the tension specimens were 
cast, were shaped like a standard cement briquette, 
but were 36 square inches in cross section at the 
narrow part, the dimensions being 6 by 6 inches. The 

compression specimens were cast in the regular 6 by 
12 inch sheet metal molds. Jaws which proved very 
satisfactory were designed to be used on a universal 
testing machine. 

The specimens cast in the field gave as an average 
288 pounds to the square inch in tension, and 3,185 
pounds to the square inch compression. ‘This indi- 
cates that the compression is about 11.06 times the 
tension. The specimens cast in the laboratory gave 
the compression as 8.9 times the tension. These aver- 
aged 241 pounds to the square inch tension, and 2,160 
pounds to the square inch compression. The labora- 
tory concrete specimens were expected to show a dis- 
crepancy, should any exist, on account of the fact that 
while the mixes were all 1: 2: 3, and the consistencies 
were kept as closely as practicable the same, different 
mineral aggregates were used, some of which would 
not pass specifications, nor be permitted to be used in 
State work. Under general field conditions in Oregon, 
therefore, the compression in pounds per square inch 
divided by 10 will give approximately the strength of 
the concrete in tension at the age of 28 days. 



A 

15 

HIGHWAY INCOME FROM THE MOTOR VEHICLE 
By HENRY R. TRUMBOWER, Economist, United States Bureau of Public Roads 

OMPARING the two principal means of trans: 
portation in the United States, namely the 
railroads and highways, certain similarities and 

differences are noted. The railroad transportation 
system of the country is wholly in private hands. The 
roadbed and tracks and also the equipment are owned 
by organizations of private investors. With respect 
to highway transportation, on the other hand, we find 
the situation quite different. The equipment, i. e., 
the motor vehicles, both passenger automobiles and 
motor trucks, the storage houses and everything that 
pertains to the operation of the cars and trucks is 
owned by individuals or by private organizations. 
The roadbed itself is owned, constructed, and main- 
tained by the public, except in a very few instances 
where toll roads and toll bridges still exist. In rail- 
road transportation the rate which one pays for trans- 
porting passengers or freight is intended to cover the 
costs relating to the operation of the equipment and 
the maintenance of the roadbed and track and also 
the interest on the value of the property used. In 
highway transportation we find that the same costs 
are present which prevail with reference to railroad 
transportation. The cost of the automobile or the 
motor truck and its operating costs have to be met, 
and the cost of constructing and maintaining the 
highway has to be paid by some one. Under the 
system which prevails at the present time the operator 
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and owner of the motor vehicle bears its operating 
costs and the public, through State highway com- 
missions or through local highway organizations, bears 
the costs of constructing and maintaining the high- 
way. One of the main problems of highway finance 
is to apportion this highway cost among those who, 
on the one hand, make a direct use of the highway 
and benefit thereby, and those, on the other hand, 
who are benefited indirectly through the develop- 
ment of the highway system. Leaving out of con- 
sideration the toll roads, which formerly were fairly 
numerous, but now have been largely taken over by 
the public, the public pays for the construction and 
maintenance of the highways. Formerly the funds 
necessary for this purpose were raised by general 
peneley taxes or, In some cases, from assessments 
evied on land directly adjacent to or close to the 
improved highway. ‘To these sources of income there 
has been added since the advent of the motor vehicle 
and the growth of a demand by the owners of such 
vehicles for more extensive highway improvement, 
another source, which is the tax laid upon the owners 
of the vehicles, or, in other words, the road users. 

These motor-vehicle revenues are raised mainly by 
two methods: First, by the licensing of the motor 
vehicles and the exaction of a special fee in connection 
therewith; and, second, by the taxation of gasoline, 
which provides revenues proportionate to the use made 

Fic. 1.—Ratio of total motor vehicle license fees and gasoline taxes to total rural highway expenditures exclusive of interest and principal payments 
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of the streets and roads. Through the use of these two 
methods the automobile is called upon to bear directly 
a part of the total cost of highway construction and 
maintenance. 

MOTOR VEHICLE REVENUES COMPARED WITH TOTAL HIGHWAY 
EXPENDITURES 

In Tables 1, 2, and 3 and Figure 1 are shown by 
States for the years 1921, 1922, and 192 3, respectively, 
the total highway expenditures and the total revenues 
derived from motor-vehicle license fees and from the 
gasoline taxes and also the ratios which these total 
motor vehicle revenues bore to the total highway 
expenditures. The expenditures as tabulated here 
for the year 1921 cover the items of construction and 
maintenance of roads and bridges, administration and 
engineering, and the purchase and repair of machinery 
and equipment and general and miscellaneous expenses. 
Payments made as interest and ane payments 
on highway bonds are excluded. For 1922 the total 
construction and maintenance items were obtained 
directly from State reports, and the items of purchase 
and repair of equipment and general and miscellaneous 
expense were estimated as bearing the same ratio to 
the construction and maintenance items as in the 
previous year. For 1923 no definite expenditure 

TasiEe 1.—Total highway expenditures and motor vehicle revenues, 

ficures for the individual States are available. How- 
ever, it is known that the expenditures made by the 
State highway departments during the year were 
practically the same as in 1922, and there is strong 
indication that the total 1923 expenditures were 
practically the same as the 1922 expenditures for the 
country as a whole, although there may have been 
variations for individual States which these estimates 
do not take into account. The percentages show at 
least the trend of the ratio between motor-vehicle 
revenues and highway expenditures. In Figure 1 
the ratios which the motor-vehicle revenues bear to 
the total highway expenditures for these three years 
are compared, the States being arranged in the order 
of the 1921 ratios. 

In 1921 the total highway expenditures of the coun- 
try, exclusive of interest and principal payments, 
amounted to $947,306,826, and the total license fees 
and gasoline taxes, exclusive of the District of Col- 
umbia, were $127,571,331, which was 13.4 percent 
of the total highway expenditures. The total high- 
way expenditures for 1922 were $931,886,835; and in 
that year the total motor vehicle-revenues amounted 
to $160,854,384, or 17.2 per cent of the highway 
expenditures. Using the same expenditure figures 
for 1923 as for 1922, we find that the total motor- 

TaBLE 2.—Total highway expenditures and motor-vehicle revenues, 
1921 1922 
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vehicle revenues of $225,427,013, again exclusive of 
the District of Columbia, amounted to 24.2 per cent 
of the amount of money spent for highway construction 
and maintenance. In 1924 it is believed that the 
total motor-vehicle revenues from license fees and 
gasoline taxes will approximate $300,000,000, which 
will be about one-third of the total highway expendi- 
tures assuming that the 1924 expenditures will not be 
greatly different from those of preceding years. 

During this four-year period the increase in motor- 
vehicle revenues was about 135 per cent of the 1921 
amount, while the motor-vehicle registration increased 
but 50 per cent. The increase in revenues was due 
not only to the larger number of cars registered but 
also to the raising of the license fees on passenger cars 
and the further increased fees on motor trucks and to 
the added revenues produced by the gasoline tax. 

In 1923 there were five States—Massachusetts, 
Vermont, Connecticut, Maryland, and Rhode Island— 
in which the motor-vehicle revenues were more than 50 
per cent of the total highway expenditures for the year. 
In Massachusetts they amounted to 64.5 per cent, and 
this State was the only one in which the ratio was 
over 70 per cent in 1922. The five States which raised 
the smallest part of the total funds expended by motor- 
vehicle taxation in 1923 were Arizona, Mississippi, 

TaBLE 3.—EHstimated total highway expenditures and motor- 
vehicle revenues, 1923 
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penditures, Percent- 
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New Mexico, Texas,-and Wisconsin, in which States 
the ratio between motor-vehicle revenues and highway 
expenditures was less than 12 per cent. It will be 
observed also that in 1923 there were 26 States in 
which motor-vehicle revenues were less than 25 per 
cent of the total highway expenditures and 22 in which 
they were greater, whereas in 1921 there were only 
six States—Connecticut, Maryland, Massachusetts, 
Nebraska, Rhode Island, and Vermont—in which the 
motor-vehicle revenues equaled or exceeded 25 per 
cent of the highway expenditures. The trend during 
the three-year period will be clear from these com- 
parisons. 

COMPARISON OF AVERAGE LICENSE FEES AND GASOLINE TAXES, 
1921 AND 1923 

The relation between motor vehicle revenues and 
highway expenditures having been established, it now 
remains to be seen in what manner the motor vehicle 
revenues are raised. Tables 4 and 5 and Figure 2 
show, for the years 1921 and 1923, respectively, the 
average motor vehicle revenues per TAARE and the 
division of these revenues between license fees and 
gasoline taxes. In 1921 the license fees collected by the 
several States amounted to $122,269,072, covering a 
total registration of 10,422,670 motor vehicles, from 
which it appears that the average payment was $11.70 

TABLE 4.—Average license fees and gasoline taxes, 1921 

Average license Average gasoline 
Reeraae fees per vehicle tax per vehicle 
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per vehicle. In the same year 13 States collected 
$5,302,259 in gasoline taxes, which amounted to an 
average of 50 cents per motor vehicle for the country as 
a whole, or $2.74 per motor vehicle for those States 
in which the gasoline tax was in effect. If we divide 
the sum of all the license fees and the gasoline taxes 
by the total number of motor vehicles, we get an aver- 
age of $12.20 paid by each vehicle. For those States 
which had the gasoline tax the average motor vehicle 
revenues were $16.14 per vehicle. The highest average 
payment per motor vehicle was in Oregon, where 71 per 
cent of the average payment of $27.60 was derived 
from license fees and 29 per cent from gasoline taxes. 
Kansas collected the lowest average revenue, or $4.85 
per vehicle, which was wholly in license fees. In the 
same year the average motor vehicle revenue exceeded 
$20 in but three States—New Hampshire, New Mexico, 
and Oregon; in 34 States it was between $10 and $19, 
and in 11 States, less than $10. 

In 1923, the last year for which full and complete 
data are available, the total license fees and permits, 
exclusive of the District of Columbia, amounted to 
$188,613.074 for a registration of 15,017,366 motor 
vehicles, or an average of $12.52 per vehicle. A gaso- 
line tax was collected in 85 States, yielding a total of 
$36,813,939, which was an average payment of $4.90 
for those States in which the tax was in effect. If the 
gasoline tax revenues are applied to the total registra- 
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tion of the country, the average payment per vehicle 
is reduced to $2.44. The total motor vehicle revenues 
of all the States represented an average of $14.96 per 
vehicle; if the 35 States which had in effect a gasoline 
tax are segregated, the motor vehicle revenues in those 
States averaged $16.60 per vehicle. In this year there 
were 15 States in which the motor vehicle revenues 
averaged $20 and over per vehicle; in 28 States the 
average ranged between $10 and $19; and in 5 States 
it was less than $10 per vehicle. 

The average motor vehicle revenues for 1921 and 
1923 can be compared thus: 

1921 1923 

States in which average revenues were $20 and over_.__-_..-------- 3 15 
States in which average revenues were $10 to $19_____________---_-- 34 28 
States in which average revenues were $10 and less_--___.__-------- 11 5 

GASOLINE CONSUMPTION AND TAX RECEIPTS PER CAR FOR PERIOD, 
JANUARY 1 TO JULY 1, 1924 

In the States which collected a gasoline tax during 
the first six months of 1924 the collections amounted 
to $4.18 per car (Table 6, fig. 3). The average con- 
sumption per car was 211.5 gallons. It is estimated 
that the year’s consumption will average more than 
twice this amount because there will be more auto- 
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TABLE 5.—Average license fees and gasoline taxes, 1923 

pores license Average gasoline 
‘Averbba ees per vehicle tax per vehicle 

motor- 7 

State Bice Percent- Percent- 
per age of age of 

vehicle Amount} motor- | Amount | motor- 
vehicle vehicle 
revenues revenues 

Per cent Per cent 
Wlabamace sss. 2 seccsee onc ee $21. 12 $12.17 57 $8. 95 3 
UNL UG 0: Nea Se 5, see aS ie ae ee 15.37 5. 73 37 9. 64 63 
Arkansas RR aS Sarena 23. 43 12. 67 54 10. 76 46 
Oaliforniatos. ee eo) 11. 93 9. 64 81 2. 29 9 
Colorado! S28 ao once 10. 44 5. 96 57 4, 48 43 
Connecticutz = 3. Le re 28. 66 23. 82 83 4.84 17 
Delaware seer ison ce- nee eso 20. 17 17. 22 85 2.95 | 15 
Florida, be Saat i ee ssa be a 12. 92 55 10. 80 45 
(OSs EY SRLS ie teal bana 2 Soe ee eee 21. 04 12. 40 59 8. 64 41 
Nd abo mee os sssess see eS 21. 00 14. 65 70 6. 35 30 
iii GIs Meet ake yet SZ 9, 94 9. 94 10 ee ee ee 
Lie Lita oe ee ee eee AES 6. 33 56 4.98 44 
IRON oe aese Se ee 15. 46 15. 46 LOD Meee oe eee 
ICATISOS eee eae eee ee) 9.15 9.15 OOM eso eee ens |ne oe Sees 
ECONUUCK Vee anewsee as soso ees 16. 93 13. 50 80 3. 43 20 
HeouIslana es lee see eee Bee 21. 56 16. 04 74 5. 52 26 
WMininat ses ites es ee 17. 92 15, 29 85 2. 63 15 
MEanyiandoeae sete os ee | 20. 57 722 84 Baa5 16 
Massachusetts fe Ayes 3 ee 14. 53 14, 53 LOO Unease ellen mets 
IN obi gan eee sees sees sete 14. 37 14. 37 SN al oes ee Pees ane 
MElnnesOta Lae” ceo cee coe 16, 33 16. 33 NOOR Seno sees. eee wees 
PVLISSISSIDDloneear see ac ease es 14. 82 10. 33 70 4, 49 | 30 
IVEISSOUT beaeemeewe nce | 2 ANE Te 8. 43 8. 48 2G; |e eerie). Sk Bata 
INDOMPATI AGE wea hens t eee 14. 86 9. 88 60 5, 98 40 
ENG DrSsica emcee sen te ES Oey 11.72 11. 72 110 OE) | Reece eal ES het 
UNOVAGaeeee sees. tee ele eee 17. 18 9. 80 57 7. 38 43 
Wew Hampshires=-22-_22---_- ; 29,10 26. 36 90 2.74 10 
UN GWA EISOYiccnes ces asn ss eee oe 17. 76 17. 76 100) 22S eS Sees 
NowsIViGxicOs=. fe see eg 14. 36 9. 21 64 5.16 36 

16. 49 16. 49 100) cee eee 
26. 89 15. 10 56 UNS Aaa 44 
11.18 6. 96 62 4,22 38 
9. 04 9. 04 SCG OY a= Ae es a es Bae 

12. 43 10. 48 84 1.95 16 
36. 32 24. 52 67 11. 80 33 
20. 44 15.18 74 5. 26 26 
16. 86 16. 86 LOO) Fare eae eee S 
18. 94 7.08 37 11. 86 63 
13. 33 8. 59 64 4.74 36 
16. 51 11, 82 72 4. 69 28 
9. 68 7.91 82 eee 18 

14, 02 7. 23 52 6.79 48 
20. 98 17.79 85 3. 19 15 

1 21.73 14, 62 67 Wedd 33 
Wiashing ton ass: ces 23822 ae 19. 84 15. 10 76 4.74 24 
VRAIN Tyce beV BSS Se eee 18, 84 16. 52 88 2, 32 12 
Wasconsiner ee sasete a oe 10. 84 10. 84 100) |2scesse ce Beas 
WAVODUIN oar eee ree ee oe 13. 92 10. 40 75 Beb2 25 

Average, States having 
gasoline taxeas eee 16. 60 11.70 71 4.90 29 

A Verage, all States _..___- 14, 96 12. 52 84 2.44 16 

mobile operation in the latter half of the year than in 
the first half by reason of the better road and weather 
conditions. So far as can be ascertained, the increasing 
of the gasoline-tax rate does not retard the sale of 
gasoline or the consumption per car. An exact com- 
parison in the amount consumed per car per unit of 
time can not be made for all States because of the rate 
changes which took place at odd times and because of 
irregularities in reporting. In the case of Florida and 
Georgia, however, such a comparison is_ possible. 
Both had in effect a 1-cent rate during the first six 
months of 1923, and the average consumption of gaso- 
line per car during that period was 318 gallons in 
Florida and 266 gallons in Georgia. With a 3-cent tax 
in effect during the first six months of 1924 the con- 
sumption in arid was increased to 373 gallons per 
car, and in Georgia it was increased to 310 gallons per 
car. In Pennsylvania, South Dakota, and Washington 
the gasoline tax for the first six months of 1923 was 
1 cent, and for the first six months of 1924 it was 
2 cents. The average consumption per car for these 
same periods increased from 155 gallons to 162 gallons 

in Pennsylvania; from 136 gallons to 187 gallons in 
South Dakota; and from 178 gallons to 243 gallons 
in Washington. 

TABLE 6.—Gasoline consumption and gasoline-tax revenues per 
car, first six months of 1924 

Gasoline | Gasoline- 
State consump- tax 

tion revenues 
per car | per car 

Gallons 
Alabamnaeeeeen ee ae een ee eae ee ST et 239 $4. 78 
Teal fayetity es. LO Labrie Go, 2 Sees ea | 220 6. 60 
SALT ICEL SFiS aegis RE NEAT R ee Sie os 210 8. 40 
© alifonn [eae Ae fone cole aMiad A EAE ok Eo 253 | 5. 06 
Colorado cima ta ees rene sae Rom bau hea gl en | 200 | 4.00 
Wonnecw cies ee te ee nee ee ee OE 223 | 2. 23 
Delnwares ste. sae eee ena tie: OEP EM Ter FN EL 192 | 3. 84 
IDistrictior@ olimmbin een sae eee ee ee ed OE 260 5. 20 
OTIC a ee Sees eee meen wk eee Wen meme TES OT Sore ST 373 | 11.19 
George a See ree ser reek Oe ee 310 | 9. 30 
Tah Open aan eee | Oe ected ears 8 UNE A Ft et 181 | 3. 62 
LAK LEENA EM Rie bs ae a RY SS ORL IRE a ea ae eee 181 | 3. 62 
Kentucky-______- 163 | 4. 89 
Lowsiangee= 28 | 285 2. 85 
Maine sso 22 seus J 150. 1. 50 
Maryland ___-.-. Z : 158 3. 16 
Mississippi cg 2 152 4. 56 
MViOmtans sie Beet tes eels : 2 91 1. 82 
INGURG hose cet ae ete aerae ete ob foe. oss nc Saber 145 2. 90 
New Hampshire 159 3.18 
IN@ We VUGXICO seas ee ee ee Ee ale 243 | 2. 43 
INOrLDL Carolia sie: = eee, oo) 1 POON | ot! aa 236 7. 08 
ING t ADEN dope es cae oe ey ee Sees gn Rie 90 . 90 
Ouot elon See See A eee Se ee eee or ee ee 172 | 4. 30 
(Oifetedo eR Res Te Bre PREIS Re AS Sa eT ieee oie 6 ee eet ee 225 6. 75 
AGES vue feces een gee MEE ee | oot By ee NR i Ove? Be 162 | 3. 24 
POU WO ATOILT yee oe meee ae ere Se! Se ie a I VO La lie 5 240 7. 20 
BOUL Dakotymeeme sae Sees ee ee ee 187 3. 74 
HGNC SSG eae eee aes ae ee ea oP ee Se 198 | 3. 96 
SBOXaSeae os wee aeener seer rors eee be ny eee aitee | ee ee es 266 2. 66 
(ea a ae a ae Ae ae, a en EP aa 170 4, 25 
SViGIINIOT bis eee ne Re pe en oe ee ee 114 | 1.14 
Wabelatia Wey” 8 5 syle, Es Ctl Ct og Paget NN eg ee ae 202 6. 06 
Washing ones gic Bee Nee Sak ee ek a ee ee 243 4, 86 
Wests Vinge iiqte 2.26 ee eee mt bo poeaere Pei eee ee en 144 | 2. 88 
Vey OUT oa ont tea ee es eee Sen emt eRe comme “sh | 201 | 2. 01 

AV OLAP Dore lee) Canteens Fee Reet tin Seem er Ak a be 211.5 | 4,18 

AVERAGE PASSENGER CAR AND MOTOR TRUCK FEES COMPARED FOR 
28 STATES, FIRST SIX MONTHS, 1924 

Comparison of passenger car and motor truck fees 
can be made for 28 States which, for the first six months 
of 1924, reported separately the license fees derived 
from passenger cars and from motor trucks and the 
number of each registered. The average passenger car 
license fee ranged from $3.17 in California to $28.20 
in Idaho (Table 7, Fig. 4). The average for these 
States was $10.70, though it should be noted that in 
17 of the States the average fees were larger than the 
average license fee for the 28 States as a whole. 

The average motor truck license fee for these same 
States was $21.90, or more than twice as much as the 
average passenger carfee. The lowest average is found 
in Montana, where the average motor truck was 
charged only $11.60 for a license, and the highest is in 
Oregon, where the average was $51.80. In this case 
the average was also the mean; 14 of the States charged 
a license fee greater than the average, and 14 charged 
less. There is a marked tendency to charge higher 
license fees for motor trucks than for passenger cars 
even in those States where the average passenger car 
license fees are low. In the 11 States Ge the pas- 
senger car license fees are less than the average, or 
less than $10.70, the motor truck license fees are, on 
the average, 143 per cent higher; for the 18 States in 
which the average passenger car fees are above $10.70, 
the average motor truck fees are only 59 per cent higher. 
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TABLE 7.—Average passenger car and motor truck license fees, 
first six months, 1924 

| Average | Average 
State | passenger motor 

| car fee | truck fee 
| | 

Calitornig Sore nas Shc ee eee | See nee ae Se ee | «$3.17 $13. 00 
@olorado =.= ee ee eee ee ened Wee he Se | Oe 12535 
COTE CtICUi. Feat a ace eng) ke ee SER Oe ee 16. 45 34. 30 
Delaware 2 = eemee eee Bp ee Ree wr SHE ea ge Shs CLES Te 11. 80 21. 20 
Georgia: oo | a et ee Be Se Senet ee me Sh 12, 25 16. 60 
Foanot. eae SUS Cees ee oes ee ee ee 28. 20 | 27. 60 
PilinolSs2se. 2 | 8. 90 | 19, 25 
IT LIA ys soe he se ee 7.15 | 13. 30 
OMisiang:. ©. 32, Aloe eee Cee ea z 16. 00 | 17. 25 
Maryland Sot ee eee Jes aaah aay See ere ed nee ae 7. 55 23. 70 
Massachusetts: 25) a2. so seee Senne ora 10. 55 15. 10 
Michigani: 40) jae ia eee 4 12. 85 17: 70 
Minnesota. bs = 16. 20 | 25. 30 
Montana: -_ es 2 owe 5 ee eee Lees Se oe ee 9. 48 | 11. 60 
Nebraska. 22 #550 oS SN: Set eae eee - 41.15 19. 50 
New: Jerse yn2 40 oe oS a el nt ee ee ene 9. 80 28. 65 
New Mexico:222 2752 2a: > eae oe en ee a a 8. 80 22. 80 
New York--- 12. 85 28. 30 
Oregon___-___- 24.10 | 51. 80 
Pennsylvania__- ae 10. 40 | 29. 70 
Rhode Island-..--_____-7=* 12. 80 Deo 
South Caroling 22s eee 6. 95 26,50) 
South Dakota____- 5 eS pay Bc aA 14. 75 21. 30 
Vermont: . 22-5 ces yA ee 0 on Ee Dal | 18. 70 25. 90 
Virginia _ ¥ : | 13. 65 16. 00 
Washine tone sss aae saan ae meee ee ee 1340 24. 30 
West Virginia 3) 1. ee Bb ear ey ae ee 13. 10 23. 00 
Wisconsin _-_- t a3] 11. 80 22. 10 

AYVOCAges.>-5 Sete eee | 10. 70 | 21. 90 

AMOUNT OF MOTOR VEHICLE FEES AND GASOLINE TAX RECEIPTS APPLICABLE TO HIGHWAY WORK BY OR UNDER SUPERVISION OF STATE HIGHWAY DEPARTMENTS, 1923 

Tables 8 and 9 show the gross motor vehicle license 
fees and gasoline tax receipts and the amounts which 
the several States devote to highway work under the 
direction of their State highway departments. The 
tabulations cover the vear 1923. Of the $188,613,074 
collected as motor vehicle license fees, $153,226,636, 
or 81 per cent, was used for highway work by the 
State highway departments. In 14 States 100 per cent 
of the license fees is turned over to the State highway 

departments, in 17 States the State highway depart- 
ment directs the expenditure of from 90 to 99 per 
cent, in 10 between 50 and 89 per cent, and in 7 States 
the amount of motor vehicle license fees applicable to 
highway work by or under supervision of State high- 
way departments is between 10 and 49 per cent of the 
total collected in this manner. 
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Fic, 4.—A verage passenger car and motor truck license fees paid in 28 States, first 

six months of 1924 

The gasoline tax receipts for 1923 were $36,813,939, 
of which amount the State highway departments di- 
rected the expenditure of $21,528,559, or only 58 per 
cent. In 13 States the State highway departments 
control the expenditure of all the gasoline tax receipts, 
in 5 States they control from 90 to 99 per cent, in 6 
States 50 to 89 per cent, and in 8 they control less than 
50 per cent. In 3 States, Alabama, North Dakota, 
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TABLE 8.—Gross motor vehicle registration receipts and amounts 
applicable to highway work by or under the supervision of State 
highway departments, 1923 

Applicable to highway 
| work by or under the 

ot ates of State 
(ieee: teviss ae way depart 

State tration re- 
ceipts 

Percent- 
Amount age of 

receipts 

Per cent 
PALA D SIA eee eeeee eee Soca AR eet ee $1, 541, 018 $1, 204, 449 | - 7 
HAUL OR Sa es ee ee ee ee eee 281, 671 281, 671 100 
ASTON SAS eee eee een eo ee Noe ee are 1, 485, 090 430, 527 30 
CULE G ob ea oe Pe ees eee 10, 608, 544 4, 906, 015 46 
COlOLAGO pee eters ne ei oe ee 1, 126, 219 534, 954 47 
Gonnecticiiies aueess: trae ee ee 4, 329, 432 4, 329, 432 100 
Delawarten wane ees ations Se 516, 209 516, 209 100 
1 Gy ghee 2 Ol We Oe ee eee 1, 963, 066 1, 394, 529 71 
GeOrE a eerie signe See ee as oe 2, 156, 406 2, 095, 763 97 
iLO y 4-0, See wt Sok Se Ot paar 914, 015 229, 840 25 
{DN eaes tela ee on SS tal Ee ee 9, 653, 796 9, 653, 796 100 
Und anaes eae ee wie ee eel 3, 693, 715 3, 492, 498 95 
HOW eae sores tr ee CO ee oo 8, 827, 063 8, 000, 000 90 
1G haTe Os Aa! LEE See ee ee 3, 435, 606 1, 750, 000 51 
Lieu gO ees 2.8 1 lh Se Oe TE Ee ee ere 2, 678, 733 2, 678, 733 100 
ixoponciiyetsest. oa Belle SS eee 2 ees 2, 191, 241 2,191, 241 100 
INE at eed Reg Ste 2 Bea i 1, 660, 268 1, 474, 383 89 
Marylin dsees ee ee pene bene eee) 3, 536, 955 3, 183, 260 90 
INEASSACIUISe tS see eee Se ee LF 6, 989, 633 | 6, 639, 155 95 
VCichigan nee seme s eee tert 10, 500, 786 | 4, 741, 625 45 
Minnesota. -______- pane Cent eto, AE Se (GEIS EP? 7, 316, 772 100 
IMEISSISS ID ll seer eee a ee 1, 077, 616 580, 852 54 
IVITSSOURIMOUS eee Seen 2 Sel 2 et 4, 016, 384 | 4, 016, 384 100 
IND OTIGATIA See eee ee ne een oe Ae 729, 621 | 73, 326 10 
ING DTaS ki: meee ee tee et ee ee 38, 353, 175 | 2, 932, 243 87 
INE NGOS oc aks eee Milos a 153, 888 144, 992 94 
New Hampshire---_____- mie, 1, 571, 327 | 1, 464, 097 93 
New Jersey ---__- 7, 653, 780 7, 515, 116 98 
UNG WalVEOXIC Ose seis sees tek Ce NSS 295, 000 280, 250 95 
ING Wa OL Keene oe ee eee ne 19, 862,442 | 14, 896, 831 75 
North: @arolindsecees os fees ene nee 3, 728, 045 | 3, 700, 000 99 
INOrUnED Akota eect ih) eatin gus te We 760, 852 760, 444 100 
Ohio 9, 662, 370 4, 832, 962 50 
Oklahoma 38, 217, 771 2, 895, 000 90 
Oregon 4, 069, 609 2, 924, 707 72 
Pennsylvan 15, 844, 304 15, 844, 304 100 
Rhode Island 1, 286, 659 1, 196, 909 93 
South Carolina 902, 609 722, 087 80 
South Dakota 1, 180, 959 1, 055, 176 93 
‘Tennessee 2, 049, 653 2, 028, 806 99 
exas 5, 441, 509 2, 368, 569 43 

Utah 430, 105 430, 105 100 
Vermont 938, 860 860, 803 92 
Virginia 3, 200, 162 3, 200, 162 100 
Washington 3, 898, 598 3, 741, 168 96 
West Virginia 2, 608, 508 2, 608, 508 100 
Wisconsin 4, 958, 934 4, 693, 887 95 
Wyoming 414, 096 414, 096 100 

188, 613, 074 153, 226, 636 81 

and Pennsylvania the State highway departments do 
not receive any part of the gasoline tax receipts, nor 
do they have any supervision over their expenditure. 

The revenues derived from license fees and gasoline 
taxes which are not turned over to State highway 
departments are usually divided among the counties 
or are credited to the general fund, from which they 
are again appropriated for highway work or for the 
ayment of interest and the retirement of highway 
onds. In only a few cases are the motor-vehicle 

revenues diverted to uses wholly foreign to road work. 

RELATION OF HIGHWAY EXPENDITURES TO INCOME 

In discussing the subject of highway expenditures the 
question is often raised as to the amount of money 
which the people of a State or a community can afford 
to spend for the improvement of the roads. The 
relationship which exists between the highway expendi- 
tures and the income of the people reduced to a per 
capita basis furnishes one criterion which can be applied. 

In Table 10 are set forth by States the per capita 
highway expenditures exclusive of interest and principal 
payments, and the percentage ratios which these high- 
way expenditures bear to the per capita incomes of 

1 

the several States. In 13 States—Alabama, California, 
Connecticut, Illinois, Maryland, Massachusetts, Mis- 
sourl, New Hampshire, New Jersey, New York, Penn- 

TABLE 9.—Gross gasoline-tax receipts and amounts applicable 
to highway work by or under the supervision of State highway 
departments, 1923 ; 

| Applicable to highway 
work by or under the 

| supervision of State 
Gross highway depart- 

State gasoline-tax | ments 
receipts | a aol 

Percent- 
Amount age of 

receipts 

| 

| | Per cent 
EMEA OT Woh: 2 gee cat he Wd Ee le eda NEE eee ST ab Sh: (kira a tae ee 
EATIZ ONG See eee eee RUDE en ye 474, 123 $118, 5381 25 
AT RAN SHS eee eater. pn is Serre eral oy 1, 219, 199 301, 095 25 
Calitornite ea weeny ty hey 2 Few 2, 518, 893 1, 259, 446 50 
Colorad Gea Se aes | ee orn ee ee 846, 353 402, 018 47 
@onnech ctl iene sae en te er ee ee 5 880, 223 880, 223 100 
Mela Ware tee Oe Sy eR ew 88, 579 88, 579 100 
Hloridacs: 2s ae a es PRE Pe ree 1, 641, 042 1, 150, 356 70 
GCOrgiga Se Sas ee ot eset ey er Fo 1, 502, 503 247, 666 16 
ich sO pee Be eel ta el Pe rhe 1 Se 396, 487 396, 487 100 
PGi ata a 2 eee le een ees ee | LY nt 2, 906, 428 2, 514, 756 86 
Keentick ye ie see ee eee oe 680, 435 680, 435 100 
OuiSi AT Lose ee ae eT ee ee Oe oe 754, 4388 754, 438 100 
IMG eS ae seers. ree ee ee pr ae 286, 077 285, 840 100 
Mirery ler die ees Soe een Ooh ee 688, 304 688, 304 100 
IMLISSISSI 1 See = ee oe 467, 855 187, 142 40 

ING Ropakits alte es. Se yea ee Sete VS ee eee eee 441, 249 75, 877 17 
INI ERG Eee oe Pag ee Se ee eee 115, 843 60, 000 52 
Newsham pshire aa eae es oe er Ea 163, 065 161, 823 99 
New Wlexico: £25 - ato eo ee oe ae ae et | 165, 000 156, 750 95 
INGTUb@arolina’ See erent ee a Far 2, 909, 905 2, 900, 000 100 
North: Dakotas} 265 oe Se ee ee AGU 0822 Qeeas= =. 2st ee 
Oklahoma es a eee ew SAM 599, 000 599, 000 100 
(OMIS {O1 eee Owe ee, RT on WR ee Pee 1, 958, 141 1, 885, 421 96 
Pennsylvatilaee- se. see ee oa ine) eee ORAS TS 5230 pee eae ce 2 eee 
SouphiGanrolinge: se. s se eee ee ene See 1, 511, 458 411, 328 27 
ROUGE AK Gtaa cetera eee be Pan anne ates ae 624, 692 565, 000 90 
*PETINESSOO? See ewe ts sane. HIN See ee ee 812, 357 801, 502 99 
SPO AG ar © ao ek Beer, Mey en oe ay Ss ee COR 1, 215, 623 911, 717 75 
Witla eens Saeed eee oe Tek Dy Sy 404, 086 106, 903 26 

VOLO i Ge eee ee Oe Ohh rae ee pee 6 PT 168, 173 168, 173 100 
Viv iia ae Ae ees eS ee 1, 556, 921 1, 037, 947 67 
Wa S is 100 OG Orie ee: oe eee ee oe tere even egy 1, 225, 150 1, 225, 150 100 
WieSG Virginia eee oe ares 2 ie eI 366, 490 366, 490 100 
Wy Olnriges aoe ean) Pee OES PDT LY HE Fe 140, 162 140, 162 100 

36, 813, 939 21, 528, 559 58 

sylvania, Rhode Island, Vermont—the per capita 
highway expenditures in 1921 amounted to less than 
1 per cent of each person’s income; in 17 States— 
Colorado, Florida, Georgia, Kentucky, Louisiana, 
Maine, Michigan, Nebraska, New Mexico, Ohio, 
Oklahoma, Tennessee, Texas, Utah, Virginia, Wash- 
ington, West Virginia—the highway expenditures were 
between 1 and 2 per cent of the income; in 11 States— 
Delaware, Indiana, Kansas, Minnesota, Montana, 
Nevada, North Carolina, North Dakota, South Caro- 
lina, Wisconsin, Wyoming—the highway expenditures 
were between 2 and 3 per cent; and in 7 States— 
Arizona, Arkansas, Idaho, Iowa, Mississippi, Oregon, 
South Dakota—they were over 3 per cent. South 
Dakota, where the highway expenditures amounted to 
6.84 per cent of the people’s income, showed the highest 
ratio; in New York, where the ratio is lowest, the 
highway expenditures were only 0.34 per cent of the 
income. In general, it may be said that where the 
per capita highway expenditures are large, there the 
ratio between such expenditures and the per capita 
income is also high. In States where there are large 
cities the per capita highway expenditures are low in 
general, while the per capita income is greater than in 
the State where the rural population dominates. In 
the New England and Middle Atlantic States the per 
capita expenditures for highway work averaged 0.55 
per cent of the per capita income; the average for all 
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other sections of the country was over 1 per cent; and 
in the West North Central and the Mountain States it 
was over 2 per cent. These higher percentages repre- 
sent the effort that is being made by small populations 
to bear the costs of extended highway improvement 
with relatively small income per capita. 

TasLE 10.—Per capita highway expenditures and ratio of ex- 
penditure to income, 1921 

| | Ratio 
High- of per 
way capita 

| expendi- | highway 
State tures | expendi- 

|} per | tures to 
capita (per capita 

| income 

| Per cent 
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RECOMMENDED INVESTIGATIONS IN THE FIELD OF MOTOR VEHICLE 

TAXES 

The data available at this time relative to the whole 
subject of motor vehicle taxation are confined solely to 
the revenues obtained through license and registration 
fees and the gasoline tax. In a great many States the 
motor vehicle owner has to pay additional taxes on his 
car. In the first place, he is subject to a personal 
property tax on his car the same as any other kind of 
property, except in States where the legislature has 
provided specific exemption for the automobile from 
this kind of tax. So far as can be learned, there are 
now 13 States which do not levy a property tax on the 
motor vehicle—Delaware, Idaho, Iowa, Michigan, 
Minnesota, New Hampshire, New York, North Dakota, 

Oklahoma, Oregon, Pennsylvania, Tennessee, and 
Vermont. In these States the license fees are collected 
in lieu of property taxes. No definite figures have as 
yet been ascertained as to the amount of the general 
property taxes on automobiles for the country as a 
whole. The estimates which have been made show 
wide variations. It is frequently stated that even 
those States which tax the motor vehicle as property 
fail to a very considerable extent in collecting the taxes 
from all of the car owners. In many instances there 
does not appear to be any close relationship between 
the State motor vehicle registration office and the 
taxing authorities. ‘To remedy this condition was the 
reason given in a number of the States for increasing 
license fees and exempting the automobile from the 
general property tax. To be able to show fully the 
extent to which the motorists contribute towards 
highway expenditures, it is necessary to make further 
inquiries into this subject of the taxation of the motor 
vehicle as property. 

In the second place, motorists in many cities are 
obliged to pay special municipal license fees, sometimes 
known as “wheelage taxes.” In some cases they 
amount to more than the State license fees. It is 
therefore of importance to collect data as to the amount 
of revenues derived from the automobile in this manner 
and the use to which such funds are put. 

Further investigations should also be made with 
reference to the distribution of license fees and gasoline 
taxes as between State highway authorities and local 
governmental units. Municipalities, in some instances, 
already are claiming a share of the gasoline taxes. In 
order to work out some fundamental principles regard- 
ing the allocation of such revenues, it is necessary to 
determine more fully than has yet been done the 
relative use which city-owned motor vehicles make of 
our rural highways as compared with rural cars, and 
data should be collected further which will show the 
proportion of the total motor vehicle mileage which 
oceurs within city limits as compared with the rural 
highway mileage. Such facts will be of use in the 
development of apportionment principles. 

The effect eel improved and hard-surfaced roads 
have on values of adjacent farm lands constitutes a 
problem which is of special interest to one studying 
this subject of the equitable apportionment of the 
highway finance burden. There are now under way 
several researches inaugurated by the Bureau of Public 
Roads in cooperation with State bodies, which it is 
See will provide certain fundamental data which 
will be of value in determining how much real property 
in the rural sections should contribute towards high- 
way improvement. 

There is no doubt that many of the State legislatures 
will find it necessary in the next few years to revise and 
expand their highway laws and to provide more 
adequately for contemplated highway improvements. 
In order that such legislative work may be done ac- 
cording to sound economic principles and in harmony 
with good public policy, it behooves those who are 
interested in these subjects to procure and interpret 
all the underlying facts of Wichines finance so that 
they may be available to all who seek guidance and 
knowledge therefrom. 
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HIGHWAY TRANSPORTATION COURSES 
THEIR PLACE AND CONTENT 

By CHARLES LEE RAPER, Franklin Professor of Transportation, and Dean of the College of Business Administration, Syracuse University 

course in any subject which has large importance 
in the life of a community. If this be a correct 

basis for a college course, transportation should have 
at least one course in many of our colleges. To trans- 
port people and their products is equally as important 
as the production of their goods or the development of 
their surroundings. The movement of people and their 
products is an essential function of civilized life. A 
college should, in my judgment, offer courses dealing 
with the essential functions of life. 
Many colleges give some attention, in a general way, 

to the value of transportation. Some of them give 
specific attention to transportation by rail or by water. 
Upon the basis of relative importance, highway trans- 
portion deserves a place in the college courses. The 
traffic which moves over the highways is at least large 
enough to entitle it to be compared with the traffic 
which moves over the railways or the waterways. 
People are transporting themselves more and more 
over their highways by horse vehicle or motor car, 
and I am convinced that this process will continue to 
grow. They are sending their commodities in ever 
greater quantity over the highways. The highway is, 
and always will be, a very important form of transporta- 
tion. To construct more of this form of transportation 

| BELIEVE it is correct to ask a college to offer a 

and to keep it ever in service—this constitutes one of the 
big tasks of our day, and we have no doubt that our 
children’s children will think of it as one of their great 
tasks. 

The coming of rapid transportation, on rail or water, 
has been one of the revolutionary things in modern 
life. It has made new things; it has remade old things. 
The building of efficient highways for use by animal- 
drawn vehicles, and especially for motor-driven vehi- 
cles, may well prove itself a thing of revolutionary 
force. 

HIGHWAY TRANSPORTATION BOTH AN ENGINEERING AND A 

BUSINESS PROPOSITION 

The construction, maintenance, and use of the high- 
way constitute both an engineering and a business 
proposition. The construction and maintenance are 
rimarily questions of engineering. The use of the 
ighway is essentially a business question. The con- 

struction and maintenance of the highway involve 
much cost, and the financing of this cost is a business 
problem, whether this be done by a corporation or by 
the State. The operation of vehicles upon the highway 
is primarily a matter of business for the individual or 
group of individuals. Highway transportation courses 
should, therefore, cover both the engineering aspects 
and the business aspects. 

The location and construction of the highways should 
be given in the engineering group of courses rather 
than in the business administration group. ‘The cost 
of the roads and their effect upon the movement of 

people and goods should, I think, be considered to 
some degree in the engineering courses. 

The use of the highway and the traffic which moves 
upon it should be considered by the business adminis- 
tration group of courses. The vehicle and its per- 
formance are essentially business problems, even though 
these affect the location, construction, and maintenance 
of the highway.. Both the highway and the vehicle 
must be considered, .I believe, to some degree in both 
groups of courses—the engineering group and the busi- 
ness administration group. 

The location, construction, and maintenance of the 
highway are essentially things of public interest. The 
use of the highway is, on the other hand, more largely 
a matter of private interest. How much of the cost of 
construction and maintenance should be borne by the 
users of the road and how much by the taxpayers 
should be adequately considered in any course in high- 
way transportation. I think this is particularly true 
with the courses offered by the business administration 
group. 

The question as to whether the vehicle which uses 
the highway should be defined in law as a public car- 
rier and should, therefore, be held responsible for its 
services as a public carrier, even though its owner is an 
individual or corporate citizen, is also a fundamental 
one and must be considered in any course in highway 
transportation. 

OPERATION OF HIGHWAY TRANSPORTATION 

The establishment and operation of a vehicle service 
on the highway should be considered more particularly 
as a private interest. For this reason any course offered 
in the business administration group should give care- 
ful and somewhat detailed consideration to at least the 
following aspects: 

The vehicle.—The kind of vehicle, its size, weight, or 
tonnage capacity, constitute an important problem or 
series of problems for the operator of the vehicle and 
for the public. All of these aspects have large influence 
upon the owner’s profits and also upon the cost of the 
construction and maintenance of the highway, as well 
as nae the safety of those who use the highway. 

he routing of the vehicle.-—The routing of the vehicle 
is primarily a business question, and it is of large 
importance. Upon the solution of this question de- 
pends, to a large degree, the prosperity of the operator 
of the vehicle. It is necessary that the routing of a 
vehicle be decided upon after a careful survey of the 
traffic from the point of view of the present and the 
future. It should also be decided upon after a study 
of the roads, actual and potential, and the amount of 
competition. The problem of the routing of a vehicle, 
as well as that of its size, weight, and tonnage capacity, 
should have adequate consideration in any course in 
highway transportation offered in a college of business 
administration. : 
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The cost system for operation and maintenance of the 
vehicle.—Not only is it necessary for the operator of 
the vehicle to give his best attention to the vehicle and 
to its routing, but it is also necessary that he give his 
best attention to his cost system. Any course in 
highway transportation given in a college of business 
administration should, think, devote considerable 
attention to a study of the cost systems for highway 
vehicle operators. 

Rates oh the service.—Rates for highway transporta- 
tion services are as fundamentally important as. rates 
for any other carrier or as prices for any other business. 
It should be clear to the users of the highway vehicles 
as well as to their operators that the rates should be 
large enough to cover all the items of cost of operation 
and to provide something for profits. Any course in 
highway transportation which may be offered by a 
college of business administration should go into a 
study of rates with no little emphasis. The following 
factors in rate making should at least have proper 
consideration : 

1. Adequate interest on the investment in the high- 
way vehicle. 

2. Adequate depreciation of the vehicle and its 
auxiliary equipment. 

3. Adequate provision for the maintenance of the 
vehicle. 

© 

4. Proper provision for taxes and license fees, which 
should be paid to the State for the use of the highway. 

5. The cost of operation, including insurance on 
vehicle and traffic, supervision, ete. 

The competition of highway transportation.—The 
rates for the highway service and the type of the 
service should always be considered in connection 
with the competition of this service with that of other 
carriers—as, for example, railways. This should be 
done for the sake of the business interest of the high- 
way operator and for the sake of the public. The 
public now carefully regulates railway service. It 
should also regulate, in a large measure, the highway 
service. Both the highway service and the railway 
service should work in the largest possible cooperation. 
Sharp competition between these two types of trans- 
portation is injurious to both carriers fn: the public. 

The contents of a highway transportation course, 
as they have been enumerated, might seem to suggest 
a very considerable value toward graduation. I 
believe that they can be adequately treated in a three- 
hour course for one-half of a college year. This is, 
of course, upon the assumption that the student has 
had effective training in the more general aspects of 
economics and politics. 

Note.—Contributed to the round-table conference on highway economics at the 
meeting of the American Economic Association, Chicago, Ill., December 30, 1924, 
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ROAD PUBLICATIONS OF BUREAU OF PUBLIC ROADS 

Applicants are urgently requested to ask only for those publications in which they are 
particularly interested. The Department can not undertake to supply complete sets 
or to send free more than one copy of any publication to any one person. The editions 
of some of the publications are necessarily limited, and when the Department's free supply 
is exhausted and no funds are available for procuring additional copies, applicants are 
referred to the Superintendent of Documents, Government Printing Office, this city, who 
has them for sale at a nominal price, under the law of January 12, 1895. Those publica- 
tions in this list, the Department supply of which is exhausted, can only be secured by 
purchase from the Superintendent of Documents, who is not authorized to furnish pub- 
lications free. 

Report of the Chief of the Bureau of Public Roads, 1924. 

DEPARTMENT BULLETINS 

No. 105. Progress Report of Experiments in Dust Prevention 
and Road Preservation, 1913. 

*136. Highway Bonds. 20c. 
220. Road Models. 
257. Progress Report of Experiments in Dust Preven- 

tion and Road Preservation, 1914. 
*314. Methods for the Examination of Bituminous Road 

Materials. 10c. 
*347. Methods for the Determination of the Physical 

Properties of Road-Building Rock. 10e. 
*370. The Results of Physical Tests of Road-Building 

OG Kame la ce 
386. Public Road Mileage and Revenues in the Middle 

Atlantic States, 1914. 
387. Public Road Mileage and Revenues in the Southern 

States, 1914. 
388. Public Road Mileage and Revenues in the New 

England States, 1914. 
390. Public Road Mileage in the United States, 1914. A 

Summary. 
*393. Economie Surveys of County Highway Improve- 

ment. 35c. 
407. Progress Reports of Experiments in Dust Preven- 

tion and Road Preservation, 1915. 
*463. Earth, Sand-Clay, and Gravel Roads. 15c. 
*532. The Expansion and Contraction of Concrete and 

Concrete Roads. 10e. 
*537. The Results of Physical Tests of Road-Building Rock 

in 1916, Including all Compression Tests. 5c. 
*555. Standard Forms for Specifications, Tests, Reports, 

and Methods of Sampling for Road Materials. 
10e. 

*583. Reports on Experimental Convict Road Camp, 
Fulton County, Ga. 265c. 

*586. Progress Reports of Experiments in Dust Preven- 
tion and Road Preservation, 1916. 10c. 

*660. Highway Cost Keeping. 10c. 
670. The Results of Physical Tests of Road-Building 

Rock in 1916 and 1917. 
*691. Typical Specifications for Bituminous Road Mate- 

Tal Smee LOG 
*704. Typical Specifications for Nonbituminous Road 

Materials. 5c. 
*724. Drainage Methods and Foundations for County 

Roads. 20c. 
*1077. Portland Cement Concrete Roads.  15c. 
*1132. The Results of Physical Tests of Road-Building 

Rock from 1916 to 1921, Inclusive. 10c. 

No. 

No. 

1216. 

FB3Oe 
~*505. 

Tentative Standard Methods of Sampling and Test ~ 
ing Highway Materials, adopted by the American 
Association of State Highway Officials and ap- 
proved by the Secretary of Agriculture for use 
in connection with Federal-aid road construction. 

9. Standard Specifications for Steel Highway Bridges 
adopted by the American Association of State 
Highway Officials and approved by the Secretary 
of Agriculture for use in connection with Federal- 
aid road construction. 

DEPARTMENT CIRCULAR 

. TNT as a Blasting Explosive. 

FARMERS’ BULLETINS 

Macadam Roads. 5c. 
Benefits of Improved Roads. 5c. 

SEPARATE REPRINTS FROM THE YEARBOOK 

No. *727. Design of Public Roads. 5c. 
*739. Federal Aid to Highways, 1917. 5c. 
*849. Roads. 5c. 

OFFICES OESPUBLIEGs ROADSS BULLE RIN 

No. *45. Data for Use in Designing Culverts and Short-span 
Bridges lols simmelio Ge 

OFEIGE OG THE SECRETARY CIRCULARS 

No. 49. Motor Vehicle Registrations and Revenues, 1914. 
59. Automobile Registrations, Licenses, and Revenues 

in the United States, 1915. 
63. State Highway Mileage and Expenditures to January 

1, 1916. 
*72. Width of Wagon Tires Recommended for Loads of 

Varying Magnitude on Earth and Gravel Roads. 
oC. 

73. Automobile Registrations, Licenses, and Revenues 
in the United States, 1916. 

74. State Highway Mileage and Expenditures for the 
Calendar Year 1916. 

161. Rules and Regulations of the Secretary of Agricul- 
ture for Carrying out the Federal Highway Act 
and Amendments Thereto. 

REPRINTS FROM THE JOURNAL OF AGRICULTURAL 
RESEARCH 

Vol. 5, No. 17, D-2. Effect of Controllable Variables Upon 
the Penetration Test for Asphalts and 
Asphalt Cements. 

Vol. 5, No. 20, D-4. Apparatus for Measuring the Wear of 
Concrete Roads. 

Vol. 5, No. 24, D-6. A New Penetration Needle for Use in 
Testing Bituminous Materials. 

Vol. 10, No. 7, D-13. Toughness of Bituminous Aggregates. 
Vol. 11, No. 10, D-15. Tests of a Large-Sized Reinforced-Con- 

crete Slab Subjected to Eccentric 
Concentrated Loads. 

* Department supply exhausted. 
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