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THE COLLECTION AND DISPOSITION OF MOTOR 
Nii esby VEN Ue: 

By HENRY R. TRUMBOWER, Economist, Bureau of Public Roads 

URING the calendar year 1925 the gross receipts 
derived from motor-vehicle license fees and 
gasoline taxes in the United States amounted to 

$406,648,561. These figures refer only to the revenues 
collected and received by the several States and by the 
District of Columbia; they do not include any of the 

collections made by cities and municipalities on ac- 
count of local license fees or gasoline taxes. ‘The gross 
receipts resulting from motor-vehicle registration fees, 
licenses, permits, fines, etc., amounted to $260,619,621; 
the total tax earnings on gasoline and motor-vehicle 
fuel, after deducting all refunds, amounted to $146,- 
028,940. The registration fees, according to these 
figures, constituted 64 per cent of the total motor- 
vehicle revenues collected by the States, and the gaso- 
line taxes 36 per cent. The relation of the license fees 
and the gasoline taxes to the total motor-vehicle 
revenues for each of the years since 1920 is set forth in 
Table 1. 

TaBLE 1.—Total gross receipts from license fees and gasoline taxes, 
1920 to 1925 

License fees Gasoline taxes 
Total motor- 

Year | —| vehicle reve- 

Amount | Percent! Amount | Per cent UR 

TE LS ep ee $102, 546, 212 99 $1, 475, 136 1 $104, 021, 348 
ih C/A oe Bee Saari se ae am 122, 478, 654 96 5, 302, 259 | 4 127, 780, 913 
iP SS See 152, 047, 823 93 11, 928, 442 | a 163, 971, 265 
7S En ee ee 188, 970, 992 84 36, 813, 939 16 225, 784, 931 
OD4e fee ee Le 225, 492, 252 74 79, 734, 490 26 305, 226, 742 
Tat PAs eee, | has * Rare a 260, 619, 621 64 | 146, 028, 940 36 406, 648, 561 

In 1925 the total motor-vehicle revenues were prac- 
tically four times as great as in 1920; and in the same 
period the number of registered motor vehicles in the 
country slightly more than doubled. In 1920 the total 
motor-vehicle revenues, including license fees and gaso- 
line taxes, averaged $11.27 per vehicle; in 1925 the 
average had risen to $20.27 per vehicle. The increase 
in total motor-vehicle revenues was, therefore, due to 
two causes—an increase in the number of motor ve- 
hicles from which license fees were collected, and an 
increase in the average receipts per motor vehicle on 
account of the rapidly extended application of the 
gasoline tax and increases in the fees charged for 
licenses. The license fees in 1920 averaged $11.18 per 
vehicle; in 1925 the average was $13.06. The gasoline 
taxes in 1925 amounted to more than the total license 
fees collected in 1921 and almost as much as the 1922 
license fees. Constituting, in 1925, 36 per cent of the 
total motor-vehicle receipts whereas in 1920 they were 
but 1 per cent, it is evident that the gasoline tax reve- 
nues have become a substantial part of the country’s 
total motor-vehicle revenues. 

These motor-vehicle revenues collected by the States, 
when compared with the country’s total annual ex- 
penditures on rural highways, make a very impressive 
showing. Our rural highway expenditures, according 
to the best estimate that can be made, amounted in 
1925 to $1,288,939,707. It follows, therefore, that the 
amount collected in the form of license fees and gaso- 

1 Report of the highway finance committee, Highway Research Board, National 
Research Council, presented at the annual meeting of the board at Washington, 
D. C., December 3, 1926. 
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line taxes was equivalent to 31.5 per cent of the total 
rural highway expenditure. This ratio has been in- 
creasing from year to year. 

In this study no attempt is made to investigate and 
analyze the license fee schedules and the gasoline tax 
rates of the several States which, through their appli- 
cation, have produced these motor-vehicle revenues. 
Such analyses have been presented in other reports 
in considerable detail. At the present time it is be- 
lieved that those concerned with the subject of high- 
way finance will be interested in a study of the disposi- 
tion and distribution of the annual motor-vehicle 
revenues by the several States and certain administra- 
tive policies and procedures relating to their collection. 
This study is limited, more or less, to these phases of 
the subject and is divided into two parts; the first 
relating to the motor-vehicle license fees, and the 
second to the gasoline tax revenues. 

PART 1. RECEIPTS FROM MOTOR-VEHICLE REGIS- 
TRATION FEES, LICENSES, PERMITS, FINES, ETC. 

The figures presented herewith cover the total funds 
received by State and county officials in connection 
with the operation of the motor-vehicle license laws. 
The total receipts are recorded by all the States but 
there are still a considerable number which do not 
report the detailed sources of receipts. It is hoped 
that in the future reports more complete details can 
be presented. 

Officers in charge of registration and license fee collec- 
tion.—In each of the States a State officer or depart- 
ment is made responsible for the collection of the license 
fees and supervises the enforcement of the motor- 
vehicle registration laws. In a majority of the States 
this officer is the secretary of state. There are, how- 
ever, a number in which the legislatures have created 
separate motor-vehicle departments and there are 
others in which the collecting and registering function is 
delegated to the respective State highway departments. 
At the present time there are 22 States in which the 
secretary of state is the responsible officer. These are 
Arizona, Colorado, Delaware, Georgia, Illinois, In- 
diana, Iowa, Kansas, Louisiana, Maine, Michigan, 
Minnesota, Missouri, Nevada, Ohio, Oregon, South 
Dakota, Utah, Vermont, Washington, Wisconsin, and 
Wyoming. 

In 9 States there are separate motor-vehicle depart- 
ments, the administrative heads of which are known as 
commissioners of motor vehicles or registrars. The 
States of this group. are California, Connecticut, 
Maryland, Massachusetts, Montana, New Hampshire, 
New Jersey, North Dakota, and Virginia. 

There are 7 States in which the respective highway 
departments supervise motor-vehicle registrations and 
the collection of license fees in addition to their regular 
duties of constructing and maintaining the State high- 
way systems. These are Arkansas, Oklahoma, Penn- 
sylvania, Rhode Island, South Carolina, Texas, and 
West Virginia. 

In the States of Alabama, Kentucky, New York, and 
Tennessee the State tax commissions have charge. In 
Florida and New Mexico the duty is performed by the 
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State comptroller. In Idaho the bureau of law 
enforcement is responsible; in Misissisippi it is the 
auditor of public accounts; in Nebraska the depart- 
ment of public works; and in North Carolina the 
commissioner of revenue. 

Although there is a State officer or State department 
responsible for the collection of the motor-vehicle 
license fees in each of the States, there are 16 States 
where the laws provide that certain county officers 
shall make the collections and distribute the registra- 
tion plates. In 5 States—Iowa, Kansas, Nebraska, 
South Dakota, and Washington—the county treasurers 
make the direct collections. In Arizona, Idaho, and 
Nevada it is the county assessor who collects the license 
fees in the first place. The clerk of the county court 
is the collecting officer in Kentucky, South Carolina, 
and Tennessee. In Mississippi and Texas the county 
tax collector collects the motor license fees, together 
with the*other local taxes. The probate judges are the 
local collecting officers in Alabama and the county 
sheriffs in Arkansas, and the State comptroller in Florida 
is authorized and directed by law to establish county 
agencies to collect the fees in each locality. 

COLLECTION EXPENSES VARY WIDELY 

Collection and administrative expenses—The gross 
receipts from motor-vehicle registration fees, licenses, 
permits, fines, etc., and the amounts reported by the 
several States as spent for collection and administration 
are set forth in Table 2. 

TABLE 2.—Relation of collection and administrative expenses to 
gross recetpts from license fees, ete. 

Collection and admin- 
istrative expenses 

Gross 
State . a 

receipts | Per cent 

Amount | of gross 
| receipts 

Ada bamis 582 os ese 22 hr ee re ee | GOO LLL 20 g |e ence eee en ee 
Arizona__- | $18, 000 4.5 
Arkansas_- 12, 000 4 
@alifornig: 322 2023.0 ae ss eer wee ee ener ae 951, 076 A BHO? 
Colorado! 2.28 Se ee ae eee 71, 515 5.0 
Connecticut,<- Ses ee ae ee a 5 6445 24 Tae eee eee 
Delaware 222 uses ces ch toon oe a eee ee hr OS 07 O00: eee acne eee |e ee ee 
Mloridas so 8-2. Se ee Fe Ae, ae eS 261, 220 (Re 
GlOOl RTA en ee ae ee ae eee 98, 297 3.3 
dang tee. 2 ee es ae ee Pista ere, Sete We Peak 
in ois 622 5s. ee ee Se ee ee eee ee, Nae NSTC Se 
indians fe Sse ee eee ae 205, 681 4.4 
POW Si o2cct see ce Ta a ae Ce Ne 7138, 036 7.3 
Kansas: 2e2 oek Booed, Se ee ee 230, 505 5.0 
Kentucky eos Pa a ee ee eee 182, 105 300 
Louisiana 2.287 Sosa tS eee ee ee 40, 000 1.2 
Maine Sao ee ee ee? 1905135 ce ae ee | 
Maryland: 222222 See Oe eee ee 250, 000 9.7 
Massachusetts 921, 514 9.4 
Michigan_._- 300, 000 Do 
Minnesota 22 oe Soe ee Se et 9744 1S 34 ey oo ee | 
Mississippi-__- 45, 900 3.0 
Missouri = 2 caer eee eee 432, 023 5.9 
WViontana cs: Soa Ae Re a eS ee ee 32, 000 3. 5 
Nebraska 9/2005 283 fe od a 98, 411 2.5 
Nevada. =. 03.6 = 25. oe ee Be eee 209, 197 10, 584 5.1 
New, Hampahires Sst: osumeeks cee ta een le | 1, 736, 094 114, 610 6.6 
INeW Jerseys: se cst . See ee 10, 515, 323 | 1, 177, 057 11.2 
New Moxicoss 0. en oes eee aaa ae | 457, 874 31, 991 7.0 
NewYork 2s: 2s Are ee ia {| \F25)'506, 245" Ilsa besarte | einai 
North Caroling =) - ta ee eee 8, 359, 844 149, 761 1.8 
North Dakota 27922" ee ee 1, 088, 573 150, 000 13.8 
Ohi0s22 ee eee ee ee 13; JA7; 23 10 ee ee ee eee 
Oklahomacs- 2-3 see Lee ees pee 4, 676, B72, 5 ee ee | ree 
Oregon. 02-52 ee eee ae 5, 370, 202 200, 000 3.7 
Pennsylvania: ce. ese oe tae ee ee 21, 026,972) )= 2. Sone eee 
Rhode Island > 22 Se Se eee ee ee 1, 863, 955 306, 492 16.5 
South Carolina 2, 366, 076 187, 729 7.9 
South Dakota 2, 445, 112 21, 511 .9 
‘Tennessee 38, 060, 948 54, 243 1.8 
Texas 18, 477, 931 476, 146 3.5 
Utah. eee eee 642385 soe ae ee ee oe 
Vermont 1, 497, 146 82, 037 5.5 
Yirginia.cw. gio ee 4, 300, 050. 27 5.2 ae] Sn er 
Washington... -. ae oe ee ae eee 4, 980,026 | 240, 059 4.8 
West, Virginia.- <2. eee eee 38, 354, 247 264, 386 7.9 
Wisconsin eT AD keen,” eek Me BE oe eek eek 7, 896, 210 380, 000 4.8 
W.YOmning 25 Saco nee. see ee oe ieee 482,857 son en ee 
District:of Columbie: 222 = ee ae 291, 207 36, 820 12.6 

LOCAL shoo Coe se re 260, 619,621 | 8, 696, 709 |_.....___- 

Thirty-four States and the District of Columbia 
reported that their collection and administrative ex- 
penses incurred on account of the registration and 
licensing laws amounted to $8,696,709 for that year. 
The total gross receipts for these same States which 
reported their collection and administrative expenses 
were $155,199,173. In these States, therefore, the col- 
lection and administrative expenses averaged 5.6 per 
cent of the total receipts. Among the individual States, 
however, there is a wide variation in this ratio, as shown 
in the table. In Arkansas the reported collection and 
administrative expenses were only $12,000, or 0.4 per 
cent, of the receipts; in Rhode Island they averaged 
16.5 per cent. These are the two extremes. 

In making such a comparison it must be borne in 
mind that certain items of expense are probably charged 
to this account in some States, whereas in other States 
similar expenditures are provided for by other funds or 
sources of revenue. In a number of States, as already 
pointed out, the actual collection of the fees and the 
registration of the motor vehicles is carried out by 
local county officers, such as sheriffs, county clerks, 
treasurers, or assessors. In such cases it is likely that 
a large part of the expenses connected with the admin- 
istration of motor-vehicle licensing laws are borne by 
the local units of government, and that the reported 
expenses refer only to the administrative costs incurred 
by the State officials, who furnish the license plates 
and have but general supervision over the registration 
and licensing. In Tennessee, for instance, where the 
reported collection and administrative expenses 
amounted to only 1.8 per cent of the gross receipts, 
the county clerks collect the license fees from the car 
owners in their respective counties and charge each 
applicant in addition a fee of 50 cents, which the law 
authorizes as their compensation in full.” 

In other States, where the ratio of collection and 
administrative expenses to gross receipts appear 
large and considerably above the average, services are 
rendered by State motor-vehicle departments and costs 
are incurred which are not found to the same extent in 
other States. In States like Maryland and Massa- 
chusetts,-for example, the function of enforcing all 
provisions of the motor-vehiclé laws relating to the use 
of the highways rests with the State motor-vehicle 
departments to a much greater degree than it does in 
many of the other States. Maryland’s expense ratio 
is 9.7 per cent, and in Massachusetts it is 9.4 per cent. 
Somewhat similar conditions prevail in New Jersey, 
where the ratio is 11.2 per cent. 

There are still other States in which the State 
departments are required to examine all applicants for 
licenses as to their ability and fitness to drive. Where 
such provisions are in effect and where the costs of 
this additional service are borne by the motor-vehicle 
departments and charged against the department’s 
gross receipts, the ratio of expenses to receipts is 
naturally higher than in States where such services and 
costs are not involved. 

A number of States, although permitting the deduc- 
tion of collection and administrative expenses from the 
gross receipts, place limits upon expenses of this 
character. Arizona fixes the maximum at $25,000, 
North Dakota at $150,000. The California law 
provides that the motor-vehicle department’s adminis- 
trative expenses shall be kept within 20 per cent of the — 
gross amount collected in license fees; Georgia limits 

* Motor Vehicle Laws of Tennessee, art. 5, sec. c., passed Apr. 16, 1919. 
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it to 15 per cent; in New Mexico the limit is 5 per cent; 
and in North Carolina the administrative expenses may 
not exceed 10 per cent of the collections. The Rhode 
Island legislature has limited the State board of public 
roads which registers the motor vehicles and collects the 
license fees to an annual expenditure of $30,000 for 

plates, $89,000 for clerical salaries, and $30,000 for 
other expenses. 

If the expense ratio which has been found to exist 
in these States, which have reported their respective 
collection and administrative expenses, is applied to 
the total gross license fee receipts of all of the States 
the resulting estimate of total collection and adminis- 
trative expenses amounts to approximately $14,500,000. 
The remaining $246,100,000 is available for highway 
purposes and other uses. In most cases where no 
collection and administrative expenses are reported the 
legislatures make definite appropriations to meet such 
costs and all of the total receipts are turned over to the 
State treasurer’s department, usually to the credit of 
certain highway funds. 

In discussing these variations in administrative 
expense ratio it must be observed that one of the rea- 
sons for them is the variation in the fees charged. For 
example, no more labor or expense is necessary in regis- 
tering cars where the license fees average $10 per car 
than where the average is but $5. The expense ratio 
will differ, however, in direct proportion to the amount 
of fees charged. 

COLLECTION COSTS FROM 7 CENTS TO $3 PER CAR 

The collection and administrative expenses of the 
States which reported this item amount to an average 
of 70.4 cents per motor vehicle registered. These 
States, in 1925, reported a total registration of 12,266,- 
460 vehicles. When the collection costs are averaged 
over the number of cars registered in each of the report- 
ing States wide variations are also noticed. In Arkan- 
sas these administrative expenses amounted to 7 cents 
per registered vehicle; that is the lowest. The highest 
average is found in Rhode Island, $3.02 per vehicle. 
It would appear that both of these averages are not 
only extreme but abnormal. The registration of 
automobiles in Rhode Island is in the hands of the State 
highway commission, and it is quite possible that the 
figures which were reported as the expense resulting 
from the administration of the motor-vehicle registra- 
tion law may contain other items of expense incurred 
by the commission which pertain to other functions and 
duties of the commission. 

TaBLE 3.—Relation of collection and administrative expenses to 
number of cars registered 

Collection and admin- 
istr expenses Mauuber Chie Gee 

State cars pe coos Sec SoS 
registere Por bar 

Amount | registered 

re rg eS ee ak et, ae 
68, 029 $18, 000 $0. 26 

183) 589 12 000 07 
1, 440,541 | 951, 076 66 

240, 097 71, 515 30 
200,660 IE sakes ce alee eens 
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TABLE 3.—Relation of collection and administrative expenses to 
number of cars registered—Continued 
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DISPOSITION OF LICENSE-FEE RECEIPTS 

In the preceding tabulations a figure of $8,696,709 is 
used as representing the collection and administrative 
expenses incidental to the licensing of motor vehicles 
in 34 States and the District of Columbia. The 
reports, made by several other States indicated that 
certain expenditures were made for license-fee collection 
and other miscellaneous administrative purposes. 
As the two kinds of expense were not separated in the 
reports, these were not used in making the foregoing 
analysis. In determining what portion of the total 
gross receipts was used for highway and other related 
purposes in the following study all these reported 
expense items have been deducted, thus leaving 
balances available for other purposes. Excluding the 
District of Columbia it is found that the total gross 
receipts amounted to $260,328,414 and that the sum 
reported by the various States as the collection and 
administrative expense item was $11,955,927. Ten of 
the States did not report any administrative expense 
items for the reason that their motor-vehicle depart- 
ments are maintained by definite appropriations from 
the general funds, thus making it unnecessary to make 
deductions from the license receipts in order to carry 
on the affairs of the departments. 

After deducting the collection and administrative ex- 
penses as reported there is left a balance of $248,372,487. 
The disposition of this total amount is the subject 
of our further study. For the country as a whole 
it was as follows: 

Purpose Amount ae 

Construction and maintenance of State highway system_--) $177, 452, 200 71. 5 
Construction and maintenance of local roads. -----.-.----- 48, 396, 471 19.5 
Principal and interest payments on State and local high- 
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Expenses of highway departments-_-_-...._---------------- 618, 655 2 
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OLR eee eee eee Ne. 28 Shee a ee. 248, 372, 487 100. 0 
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In studying this disposition of the motor-vehicle 
license receipts, it is significant to note that after a de- 
duction of the reported administrative expenses 91 per 
cent of the balance is devoted directly to the construc- 
tion and maintenance of highways; 71.5 per cent for 
State highway system, and 19.5 per cent for local 
roads. This 91 per cent of the available revenues for 
highway construction and maintenance amounts to 
$225,848,671, 79 per cent of which is spent on State 
highway systems and 21 per cent on local roads. Of 
these special revenues $19,124,014, or 7.7 per cent of - 
the total amount available, was devoted to principal 
and interest payments on State and local highway 
bonds. The license fees devoted to other purposes con- 
stituted but 1.3 per cent of the total amount available. 

HOW THE STATES DISTRIBUTE THE LICENSE RECEIPTS 

The major legislative provisions relating to the dis- 
tribution and disposition of the license fees derived 
from the registration and regulation of motor vehicles 
in the several States are as follows: 
Alabama.—The expenses incident to the collection 

of the fees are first deducted. Of the balance, 80 per 
cent is credited to the State and 20 per cent is turned 
back to the incorporated city or town in which the 
owner of the registered vehicle resides. If the owner 
resides outside of an incorporated city or town the 20 
per cent share is remitted to the county in which he 
resides. The statutes provide that the 80 per cent 
share credited to the State shall be used exclusively to 
create a sinking fund for the prompt payment of the 
principal and interest on the State road bonds out- 
standing, and for the construction, maintenance, and 
improvement of public highways, roads, and bridges. 
The statutes are silent as to the manner in which the 
incorporated municipalities and counties may use their 
shares of license fee revenues. 

Arizona.—All the license fees are credited by the 
State treasurer to the State road-tax funds and out of 
this fund the legislature has appropriated a sum not to 
exceed $25,000 for the purpose of meeting the admin- 
istration and collection expenses. 
Arkansas.—A special fund is created in the State 

treasurer’s office known as the State highway fund. 
All the money which the State receives from the col- 
lection of license fees and gasoline and oil taxes is 
credited to this fund. The State highway commission 
allots the sum of $3,000,000, or as much thereof as is 
available in the treasury by July 1 of each year, to the 
counties, apportioned on the basis of population. For 
the purpose of determining the use of these county- 
allotted funds the statutes classify the counties. 

Class A includes 13 counties, named in the law, 
which are required to use the whole of the funds 
derived from the State in part payment of highway 
bonds and interest coupons. Class B includes only 3 
counties which are required to devote 90 per cent of 
their State allotment to bond and interest payments 
and to place the remaining 10 per cent in the county 
highway improvement fund. Class C includes 11 
counties which are required to devote 75 per cent of 
their State allotment to bond and interest payments 
and to credit the remaining 25 per cent to the county 
highway improvement fund. In class D there are 10 
counties which are required to devote 50 per cent of 
their State allotment to bond and interest payments 
and the remaining 50 per cent to the county highway 
improvement fund. Class E includes 13 counties, the 
allotment being divided 25 per cent for bond and 
interest payments and 75 per cent credited to the 
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county highway improvement fund. No counties are 
put in class F, of which the stated percentages are 10 
per cent for bond and interest payment and 90 per 
cent for the county highway improvement fund. Class 
G contains 26 counties which are authorized to place. 
all of their State allotments into their respective county 
highway improvement funds. The county courts are 
authorized to expend the funds put into the county 
highway improvement fund upon the public highways 
for construction and maintenance purposes. 

California.—The motor-vehicle license fees are kept 
by the State treasurer in a motor-vehicle fund. From 
this fund are deducted the expenses of the motor- 
vehicle department, which may not exceed 20 per cent 
of the revenues. One-half of the balance in the motor- 
vehicle fund is paid over to the counties in proportion 
to the number of motor vehicles registered. The 
amount paid by the State for State inspectors and 
traffic officers is deducted from this county allotment. 
All amounts paid to the counties are credited to the 
road funds of the counties and are to be expended 
exclusively in the construction and maintenance of 
public roads, bridges, and culverts within the respec- 
tive counties. The board of supervisors has the power 
to devote a portion of such allotted funds to the con- 
struction, maintenance, and repair of streets and 
bridges within incorporated cities. Annual reports 
have to be made by the county supervisors to the 
State department of public works showing the amount 
of money received and the disposition thereof. The 
balance in the State motor-vehicle fund is expended 
under the direction of the State department of public 
works for the maintenance, repair, widening, resurfac- 
ing, and reconstruction of State roads and highways. 
The funds allocated to the State department are not 
to be used for construction purposes though that use 
is permitted to the county highway officials. 

Colorado.—The State treasurer deducts from the re- 
ceipts derived from motor-vehicle license fees the 
necessary administrative expenses. Fifty per cent of 
the balance is expended by the State highway commis- 
sion for the construction, maintenance, and improve- 
ment of the State highways and for no other purpose. 
The remaining 50 per cent is paid over to the counties, 
in proportion to the money collected, for the exclusive 
purpose of constructing, maintaining, and improving 
county roads and bridges. 

Connecticut—All license revenues are expended by 
the State highway commissioner for the construction, 
maintenance, or reconstruction of State highways. The 
law makes no mention of administrative expenses. 
Delaware.—The State treasurer is directed to pay 

out of motor-vehicle revenues the interest on highway 
bonds and to put into a separate fund annually the 
necessary amount to meet the sinking-fund require- 
ments. The balance is to be expended by the State 
highway department for the construction and mainte- 
nance of State highways. 

Florida.—After deducting the collection and admin- 
“istrative expenses 5 per cent of the receipts from motor- 
vehicle license fees is set aside for the maintenance of 
the State road department; 25 per cent is allocated to 
the counties as a State-aid fund for the purpose of 
construction and maintenance of county roads. This 
amount is apportioned among the counties on the basis 
of the amount of fees collected. The balance, or 70 per 
cent, is placed in a fund to be used by the State road 
department for the construction and maintenance of , 
State and Federal-aid roads. 
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Georgia.—The highway commission allocates the net 
amount of license fees collected to the counties accord- 
ing to post-road mileage. Such funds are expended by 
the highway commission in the building, repairing, and 
maintaining of public roads in each of the counties. 

Idaho.—The county assessors who collect the license 
fees are directed to remit 10 per cent of their. collec- 
tions to the State treasurer who places these payments 
in the State highway fund. Ninety per cent of the 
fees collected accrue to the counties. The county com- 
missioners of each county apportion to the interest 
and sinking fund of the county such amounts as are 
necessary for the current year. The balance of the 
fees is divided by the county commissioners among the 
regularly organized highway districts in proportion to 
the collections made from such districts. If any bal- 
ances remain they are apportioned to the county road 
and bridge funds. 

Illinois.—All license fees are deposited with the State 
treasurer and become a part of the State road fund. 
This fund is used for the purpose of meeting the prin- 
cipal and interest requirements on highway bonded 
indebtedness. If there is any balance left it is to be 
used for the improvement of the highways of the State 
or for the construction and maintenance of durable, 
hard-surfaced roads along designated routes. 

Indiana.—After collection expenses are deducted all 
the receipts derived from motor-vehicle license fees 
are placed in a State highway fund which is available 
to the State highway commission for construction and 
maintenance purposes. 

Iowa.—The law provides that 2% per cent of the 
license fee collections shall be credited to a maintenance 
fund for the State highway commission and that 34% 
per cent shall be credited to a maintenance fund for the 
motor-vehicle department. The balance, less 50 cents 
per license issued which is retained by the county 
treasurer to cover his registration expenses, 0.5 per 
cent of which is credited to a reimbursement fund, is 
turned into the primary road fund. This primary road 
fund is apportioned among the counties in the same 
ratio that the area of each county bears to the total 
area of the State. The law defines primary roads as 
those main marked roads which connect all the county 
seat towns with the main market centers. A small fund 
known as the Federal engineering fund is also created 
out of the license fees. 

Kansas.—The county treasurers collect the license 
fees and remit to the Secretary of State 50 cents for 
each motor-vehicle license issued. Of the balance 25 
per cent remains in the county where collected and is 
divided among the townships in proportion to the 
amount collected in each. The remaining 75 per cent 
of the fees is transmitted to the State treasurer and 
placed in the State highway fund, to which is also added 
the money derived from the gasoline tax. There is: 
withdrawn annually from this State highway fund the 
sum of $300,000, which is placed in another fund 
known as the State-aid road fund and expended in the 
various counties upon the State highway system under 
the direction of the State highway commission acting 
in conjunction with the boards of county commis- 
sioners. Forty per cent of this sum is distributed 
equally among all of the counties of the State and 60 
per cent is distributed in proportion to assessed valu- 
ation. The remainder of the State highway fund, after 
deducting the sum of $300,000 and a sum not to exceed 
$75,000 for the maintenance of the State highway com- 
mission, is distributed among the counties in the same 
proportion as noted above. The fund thus created in 

the various counties is known as the county and State 
road fund and is used for the construction, reconstruc- 
tion, and maintenance of State roads in the counties. 
Not more than 20 per cent of this fund can be expended 
on county or township roads. 

Kentucky.—All motor vehicle license fee receipts are 
deposited in the State road fund, out of which are 
paid the expenses of the State tax commission incident 
to the enforcement of the registration law. The bal- 
ance of the fund is used only for the purpose of con- 
struction, reconstruction, maintenance, and repair of 
roads and highways. 

Louisiana.—All license fees are deposited with the 
State treasurer and credited to the account of the 
general highway fund which is used by the State high- 
way commission for the construction and maintenance 
of State highways. 

Maine.—All the fees collected are turned over to 
the State treasurer and are used for the administra- 
tion of the office and duties of the highway commis- 
sion, including the expenses of administering the 
motor-vehicle department. The balance is used for 
the repair and maintenance of the State-aid highways 
under the direction of the commission and to meet the 
interest and principal payments of the bond issues for 
highway construction purposes. 

Maryland.—The commissioner of motor vehicles is 
directed to remit to the State treasurer all license-fee 
revenues received by him to be placed in a special 
fund. Out of this fund the legislature’s appropriations 
for the department’s administrative expenses are met. 
The balance is distributed in quarterly installments 
20 per cent to the city of Baltimore for use on its 
roads, 80 per cent to the State roads commission to 
be used for the oiling, maintenance, and repair of the 
State and State-aid roads. 

Massachusetts.—All the motor-vehicle revenues re- 
ceived and collected by the registrar of motor vehicles 
are credited to a fund known as the highway fund. 
Out of it the department’s administrative expenses are 
paid. The balance is used under the direction of the 
highway division of the department of public works for 
maintaining, repairing, improving and constructing 
town and county roads; for maintaining, repairing and 
improving State highways and bridges; for construction 
of State highways partially financed through Federal- 
aid funds; for engineering services, purchase and 
maintenance of road- building machinery, snow removal, 
erection and maintenance “of warning and direction 
signs, care of shrubs and trees on State highways; to 
meet the interest and sinking-fund payments on State 
highway bonds; to meet the State’s share of the interest 
and sinking-fund payments on metropolitan park loans; 
and to meet the State’s share of the cost of maintenance 
of boulevards in the metropolitan park district and the 
cost of construction of such boulevards. The distribu- 
tion of funds for all of these purposes is left to the State 
commission except for those fixed or contractual pay- 
ments which have to be met. 

Michigan.—All license fees are deposited in the State 
treasury to the credit of the State highway fund. Six 
million dollars are returned to the counties in propor- 
tion to the amounts received as license fees from the 
owners of motor vehicles within the several counties. 
These funds are to be used for highway purposes under 
the jurisdiction of county authorities. Further appro- 
priations from this State highway fund for 1925 were: 
(a) A sum not less than $1,200,000 to meet the interest 
and sinking-fund payments of State highway bonds; 
(b) $2,000,000 for the maintenance of State trunkline, 
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Federal-aid and nontrunk-line highways; (c) $1,000,000 
for building trunk-line bridges, including grade separa- 
tions; (d) $500,000 for nontrunk-line highway mainte- 
nance and for nontrunk-line bridges; (e) the balance 
not otherwise appropriated for opening, widening, and 
improving State trunk-line and Federal-aid highways. 
There is also appropriated out of the State highway fund 
the sum of $300,000 to cover the operating expenses of 
the State highway department. 

Minnesota.—The proceeds of the license fees and 
motor-vehicle taxes are deposited in the State treasury 
and constitute a fund known as the trunk-highway 
sinking fund. The law provides that out of this fund 
there shall be taken and deducted annually the amount 
required during the year as interest and principal 
payments on State highway bonds. After these 
payments are made or determined upon the balance is 
transferred from the trunk-highway sinking fund 
to the trunk-highway fund which is used by the State 
department of highways for administration, mainten- 
ance, and construction purposes. Up to the present 
time the State has not issued any highway bonds so 
it is not necessary to set aside any funds for interest 
and principal payments upon such bonds. The law 
also provides that the State shall reimburse the counties 
for certain work done by the counties on roads that are 
now a part of the State highway system. In fulfilling 
this requirement the State has made itself responsible 
for the interest and principal payments of such county 
bonds and there is set aside out of the trunk-highway 
sinking fund a sum amounting to $2,000,000 a year 
for these specific purposes. 

Mississippi.—The county tax collector who collects 
the motor-vehicle license fees deducts 3 per cent as his 
commission, and turns the balance of his collections 
into the county road fund. These funds are used to 
maintain, repair, construct, or extend the highways 
in the. county, preference being given to designated 
State highways. 

Missouri.—All moneys arising from motor-vehicle 
license fees after deducting the administration and 
collection costs are deposited in the State treasury and 
credited to a State road fund. The revenues derived 
from the sale of option stamps are also turned into this 
fund. Out of this fund are paid: (a) The administra- 
tive cost and expenses of the State highway department; 
(b) $400,000 biennially for the purpose of providing 
the sum of not more than $25 per mile per annum for 
dragging and otherwise improving intercounty-seat 
highways; (c) the amount needed to match Federal-aid 
allotments; (d) the remainder to be used in the construc- 
tion of State roads. . 

Montana —After deducting from the receipts all ad- 
ministrative and collection expenses, 50 per cent of the 
balance is transmitted back to the counties from which 
the fees came and is deposited to the credit of the general 
road fund of the county; the remaining 50 per cent is 
deposited to the credit of the State highway fund, which 
is used for construction and maintenance purposes. 

Nebraska.—The county treasurer of each county 
collects the motor-vehicle license fees. Thirty per 
cent of the fees are transmitted by the county treasurers 
to the State treasurer to be credited to the State high- 
way fund and used for the maintenance of the State 
highway system. The remainder of the revenues is 
kept by the counties; 75 per cent to be used for the 
maintenance of that part of the State highway system 
within the respective counties and 25 per cent credited 
to the county’s road dragging fund. 
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Nevada.—All motor-vehicle revenues are placed by the 
State treasurer in a motor-vehicle license fund. Dis- 
bursements from this fund are made as follows: (a) To 
meet the interest and principal payment requirements of 
the State highway bonds; (b) to meet the expenses of 
administering the registration law 50 cents per vehicle 
registered is placed in a motor-vehicle expense fund; and 
(c) after these requirements are met the State controller 
is directed to transfer the balance at the end of each 
three-month period to the State highway fund which 
is used by the State commission for the purpose of 
constructing, equipping and maintaining the highways 
designated as the State highway system. 

New Hampshire.—After all expenses of the com- 
missioner of motor-vehicles department have been 
met out of motor-vehicle revenues the balance is 
placed in a fund to be used by the State highway com- 
missioner for the construction of State and State-aid 
roads and for their maintenance. 

New Jersey.—The license-fee receipts, after making a 
deduction for the expenses of the motor-vehicle depart- 
ment, are deposited with the State treasurer to be 
used for construction and maintenance purposes by 
the State highway commission. The legislature at 
its last session appropriated $840,000 from the motor- 
vehicle funds and distributed this amount equally 
among the 21 counties. A further appropriation of 
$60,000 was made as aid in the maintenance of inter- 
state bridges which had been freed by the Delaware 
River Free Bridge Commission. 

New Mexico.—The law authorizes a collection fee of 
not more than 5 per cent, and the balance of the 
motor-vehicle revenues is deposited with the State 
treasurer. ‘Two-thirds of this amount is credited to 
the State road fund to be used by the State highway 
commission for the maintenance of State highways 
in the several counties as near by as practicable in 
proportion to the fees paid by motor-vehicle owners 
residing in each county. The remaining third is 
transmitted to the county treasurers in proportion 
to the amount of fees paid and credited to the county 
road fund of each county for use in the maintenance 
of county roads. 

New York.—Every month the collecting agency 
deposits 75 per cent of the funds on hand with the 
State treasurer and 25 per cent of the registration fees 
collected in each county with the treasurer of the 
county. The funds received by the State treasurer 
are used in the maintenance and repair of the improved 
roads of the State under the direction of the State 
commissioner of highways. All funds received by 
the county treasurers are used for the permanent 
construction and maintenance of town highways and 
county roads. The funds accruing to the city of 
New York are credited to the city’s general fund. 

North Carolina.—After the collection and registra- 
tion expenses are deducted, which may not exceed 10 
per cent of the total amount collected, the motor- 
vehicle license fees are credited to a fund for meeting 
interest, sinking fund and principal payment require- 
ments of the bonds issued by the State for highway — 
improvements. What balance is not needed for these 
specific purposes is used by the State highway commis- 
sion for the maintenance of highways in the State 
system and for construction and reconstruction pur- 
poses. A provision of the law allows cities and towns 
to charge a license not to exceed $50 for any motor 
vehicle used in transporting persons or property for 
hire in lieu of all other charges, fees, and licenses. 
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North Dakota—The moneys received into State 
treasury as motor-vehicle license fees are expended as 
follows: A sum not to exceed $150,000 per annum for 
expenses of the State highway commission for carrying 
out provisions, of the motor-vehicle registration act and 
the State highway commission act; a further sum of 
$130,000 annually to meet State obligations for bridge 
loans; 50 per cent of balance paid to county road funds 
for the construction and maintenance of county roads; 
the remaining 50 per cent shall remain in State high- 
way fund for construction, reconstruction, and main- 
tenance of Federal-aid and State-aid roads. 

Ohio.—Fifty per cent of the license fees collected is 
turned back for the use of the municipal corporation 
or county in which the fees are originally collected. 
Such moneys constitute a fund which is used for the 
maintenance and repair of public roads, highways and 
streets and for no other purpose. The remaining 50 
per cent of the receipts is deposited in the State treasury 
and credited to a State maintenance and repair fund. 
The expenses incident to the administration of the 
registration law are paid out of this fund and the 
remainder is for the use of the director of highways 
and public works. 
Oklahoma.—An amount equal to 40 per cent of the 

revenues derived from license fees is credited to the 
State highway construction and maintenance fund; 60 
per cent is transmitted to the counties in proportion 
to the amount collected in each respectively. This 
fund is used for construction and maintenance. The 
county treasurers are directed to turn over to the 
treasurers of incorporated cities and towns 15 per cent 
of the fees collected from motor vehicle owners residing 
within such incorporated places which amount is 
credited to the local street and alley fund. The bal- 
ance of the county’s share is credited to the county 
highway construction and maintenance fund. 

Oregon.—After deducting the collection and admin- 
istrative expenses the revenues derived from registra- 
tion fees are divided between the State and the counties, 
75 per cent of this balance is transferred to the State 
highway fund, 25 per cent is transmitted to the county 
treasurers of the various counties in proportion to the 
receipts from each county. In each county there is 
created a motor-license fund arising from the money 
received from the State. This county fund is used 
and disbursed in the following order: (a) Payment of 
interest and principal of county highway bonds; 
(b) where no bonds have been issued or where other 
provision has been made for the interest payment and 
retirement of such bonds, the funds are used to prepare 
the roadbeds and bridges for the the construction of 
State highways; (c) if provision has been made for 
meeting bond requirements and for the payment of 
expenses of preparing the roadbed then the money 
may be used in the discretion of the county court for 
general road improvements. 

Pennsylvania.—The receipts derived from the licens- 
ing and registering of motor vehicles are placed in a 
fund known as the motor-license fund. Out of this 
fund are paid all the administrative expenses of the 
State highway department which is responsible, along 
with its other duties, for the collection of the license 
fees. A prior lien on this fund is the amount of money 
necessary for the payment of interest and sinking- 
fund charges on highway bonds issued by the State. 
The rest is at the disposal of the highway department 
for the purpose of assisting in the maintenance, con- 

struction, reconstruction, and improvement of State 
and State-aid highways, and also for the maintenance 
of interstate bridges. 

Rhode Island.—All the motor-vehicle revenues are 
deposited in the State treasury and out of them are 
paid the costs of license plates not to exceed $30,000, 
the annual salaries of clerks employed by the State 
board of public roads not to exceed $89,000, and other 
expenses not to exceed $30,000. The balance is used 
for the construction, repair, and maintenance of, and 
removal of snow from State roads and highways under 
the direction of the State authorities. 

South Carolina.—The receipts from motor-vehicle 
license fees are expended by and under the direction 
of the State highway department for the construction 
and maintenance of the State highway system. 

South Dakota.—The collections are made by the 
county treasurers who forward one-half of the receipts 
to the State treasurer to be placed in the State highway 
fund for construction and maintenance purposes; 2 per 
cent is transmitted to the secreatry of state to be placed 
in the State motor-vehicle fund for the purpose of 
meeting his expenses incurred in connection with the 
registration law; and 48 per cent is credited to the 
motor-vehicle fund of the county in which the money 
is collected. The law further provides that 75 per cent 
of the funds in the State highway fund shall be appor- 
tioned for expenditure among the counties on the basis 
of assessed valuation; the remaining 25 per cent, after 
the commission’s expenses are deducted, is used by 
the State highway commission for highway purposes. 

Tennessee.—Fifty per cent of the net receipts is dis- 
tributed equally among the counties of the State and 
the remaining 50 per cent is expended upon such State 
h'ghways for construction and maintenance as may be 
designated by the highway commission. The State 
highway commission also has the right to designate the 
roads in the several counties upon which the counties 
are to spend their respective shares of the funds and 
the character of construction and maintenance. 

Texas —The motor vehicle license fees are based 
upon two separate computations; 171% cents per horse- 
power is one part of the license fee, the other is the re- 
sult of applying a certain rate to the weight of the 
vehicle. The county collector of taxes who collects 
the license fees is directed to deposit to the credit of 
the county road and bridge fund an amount equal to 
171% cents per horsepower for every vehicle registered. 
The balance of the fees derived from the weight factor 
is transmitted and credited to the State highway de- 
partment. Approximately three-fourths of the total 
collections is turned over to the State department and 
one-fourth is retained by the counties. 

Utah.—All the fees are deposited with the State 
treasurer and credited to a fund known as the motor- 
vehicle registration fund. Out of this fund are paid 
the registration expenses. The balance is applied to 

interest and principal payments on State road bonds. 
Vermont.—The net fees are turned over to the State 

treasurer and are made availabie for road maintenance 
by the State highway department. 

Virginia —After deduction of registration and col- 
lection expenses the motor-vehicle revenues are de- 

posited in the State treasury and are expended by the 

highway commission for the construction and mainte- 
nance of State highways and bridges. 

Washington.—The State treasurer places all fees to 
the credit of the motor-vehicle fund in the State 
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treasury from which are paid annually: Expenses of 
the motor-vehicle department for issuing licenses; 
repayments to counties entirely surrounded by water; 
the sum of $1,400,000 to the credit of a State-treasury 
fund called “primary highway maintenance fund’’; 
the balance to paving and general road construction as 
provided by appropriation. 

The primary highway maintenance fund is dis- 
tributed as follows: 

(1) To each first and second class city in which are 
streets forming a part of the primary State highway, a 
sum equal to $500 per mile for each primary highway 
in such city for maintenance and improvement of 
streets. ; 

(2) To each third and fourth class city, similarly to 
above, $300 per mile. 

(3) To each county in which are located primary 
highways, similarly, $300 per mile. 

(4) The balance to the counties in proportion to 
money paid into the highway fund for maintenance of 
primary highways. 

West Virginia.—The collection of license fees and 
the registration of motor vehicles are under the juris- 
diction of the State road commission. The receipts 
are placed in the State road fund. Out of it are paid 
the commission’s expenses and the balance is devoted 
to: (a) Principal and interest payments on State 
highway bonds; (6) the maintenance and construction 
of State roads. 

Wisconsin.—After deducting collection and ad- 
ministrative expenses the net motor-vehicle license fees 
and the net gasoline-tax receipts and Federal-aid 
allotments are appropriated for the use of the State 
highway commission under the following restrictions 
and directions of the legislature: 

(1) One hundred thousand dollars allocated annually 
to meet the expenses of the highway commission; (2) 
after the commission’s expenses are set aside, 10 per 
cent of the remainder of the appropriation is devoted 
to the improvement of the State trunk highway system 
to be expended on such projects as the commission shall 
from time to time determine; (3) $100,000 is set aside 
annually for the marking and signing of the State 
trunk highway system; (4) the counties receive from 
$300 to $500 per mile for the maintenance of the State 
trunk highway system, the cities receive similar pay- 
ments per mile of streets forming State trunk highway 
connections, and special sums are provided for, to be 
paid counties, cities, and villages which provide and 
maintain free swing or lift bridges on the State trunk- 
highway system; (5) $250,000 is appropriated annually 
to pay the State’s portion of the cost of bridges; (6) 
$25,000 for improving highways forming connections 
between State charitable institutions and the State 
trunk-highway system; (7) $50,000 for the construc- 
tion and maintenance of roads in State parks; (8) 
$15,000 for the purpose of making surveys of local 
road materials; (9) for the improvement of roads and 
streets not part of the State trunk highway system in 
towns, villages, and cities (each town and village receives 
$25 per year for each mile of such streets, cities with a 
population of not more than 10,000 receive $50 per 
mile, cities with a population from 10,000 to 39,000 
receive $100 per mile, cities with a population from 
40,000 to 150,000 receive $150 per mile, and cities with 
a population in excess of 150,000 receive $200 per mile); 
(9) the balance remaining after the amounts for the 
above-named pruposes are appropriated is used for the 

improvement of the State trunk highway system and 
the county trunk highway systems. 

Wyoming.—The revenues derived from motor-vehicle 
license fees are devoted to the interest and sinking-fund 
payments on State highway bonds. 

PART II. RECEIPTS FROM GASOLINE TAXES 

As has already .been indicated the gasoline tax 
continues to furnish a more and more important source 
of funds derived from motor-vehicle owners and 
operators used for highway purposes. In 1925 there 
were only four States—Illinois, Massachusetts, New 
Jersey, and New York—which did not resort to the 
gasoline tax as a revenue-producing measure for the 
construction and maintenance of highways. The tax 
rate ranges from 1 to 5 cents per gallon. In 1925 a 
total tax of $146,028,940 was collected from the sale of 
6,457,783,284 gallons of gasoline used in motor vehicles, 
from which it appears that the average tax rate is 2.2 
cents per gallon. In the four States mentioned above 
which did not collect this type of tax, and in other 
States in which a gasoline tax was not in effect during 
the whole 12-month period, there was consumed by 
motor vehicles, according to the best estimates that 
can be made, 2,131,056,365 gallons of gasoline which 
was not taxed. 

The gasoline tax is a comparatively new method of 
raising funds for highways. Although a form of sales 
tax it is generally conceded that the gasoline tax is in 
essence a type of road toll and that its yield and earnings 
reflect more or less directly the use made of the high- 
ways by motor vehicles and measure to a certain degree 
the benefits resulting therefrom. 

Pownt of collection.—There are only three States— 
Colorado, North Carolina, and Pennsylvania—which 
do not collect the tax at the source. These States 
gather the tax from the dealer who sells to the consumer. 
In all other States the tax is collected at the source. 
This usually means the collection from the person or 
corporation which makes the original sales in the 
States. In most of the laws they are termed manu- 
facturers, importers, distributers, or wholesalers. 

Collection period.—In all except four of the States 
which have in effect a gasoline tax the collections are 
made monthly. In California, Georgia, Pennsylvania, 
and Tennessee the gasoline taxes are paid to the respec- 
tive States quarterly. In most cases where the tax is 
collected at the source, the tax is remitted by the 
wholesale distributers accompanied by sworn state- 
ments showing in detail the receipts and sales. 
Refunds.—The laws of 28 States provide for a re- 

funding of the tax paid on gasoline sold for other 
purposes than for automobile use. The Indiana law, 
for example, has this provision: ‘* * * the tax 
does not apply to gasoline purchased for use in operat- 
ing stationary gas engines, tractors used for agricultural — 
purposes, motor boats, aeroplanes or aircraft, or for use 
in cleaning or dyeing, or for any other commercial use.” 
Whether the tax is paid by the wholesaler or by the 
dealer, gasoline used for these purposes has, in most 
cases, been taxed when sold to the consumer and the con- 
sumer in the first instance pays the tax which is in- 
cluded in the price he pays for the gasoline. 
gasoline is sold under such circumstances, there is 
usually a provision made in the law whereby the con- 
sumer can secure a refund of the amount of taxes paid 
upon gasoline not used in motor vehicles by presenting 
a sworn statement of his purchase accompanied by 
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invoices or purchase memoranda. There are still 16 
out of the 44 States which collect the tax which have 
not made any provision for refunds and which tax all 
the gasoline sold irrespective of its use. The 28 States 
which grant refunds collected, during 1925, $100,604,852 
and refunded $4,109,513, or 4.1 per cent. It is no 
doubt true that a great many persons buying and using 
but small quantities of gasoline for purposes other than 
highway use never take the trouble to secure any re- 
funds. How great that number is can not be deter- 
mined definitely. There may also be a few who 
through false statements or otherwise secure for them- 
selves refunds to which they are not entitled. The 
gross amounts collected and refunded in the 28 States 
which provide for refunds are set forth in Table 4. 

TABLE 4.—Gasoline tax receipts and refunds in 1925 by the 28 
States providing for refunds 

| ° 

| Ratio of * 
Total gaso- Amount of refunds Net aso- State line tax refinds Coote line tax 

| receipts receipts | receipts 

‘ | Per cent | 
PAPI ZON Ae ee sane meee “ $1, 035, 551 $179, 600 | aor $855, 951 
Arkansas _____..___-- 3, 230, 559 280, 199 8.7 | 2,950,360 
alifornia vf 2_.J_ 2.25. 16, 150, 387 1, 193, 598 7.4 14, 956, 789 

Be OLOTSC Os onde Ss) noc as 1, 991, 5381 30, 585 | 1.5 1, 960, 946 
Welawaresn sos) eS mi) 350, 580 8, 499 2.4 342, 081 

LOD eee 2 Se ee —— 932, 064 36, 621 | 3.9 895, 443 
Pndian acme ce! Ot A) Le be 7, 832, 462 179, 413 2.3 | 7,653, 049: 
TO Was tees erie. hl Be | 8, 568, 184 63, 069 | 1.8} 3,505, 115 
PC OTISHS Pee oo es Pee ak PTs oe 3, 000, 253 95, 059 | 3. 2 2, 905, 194 
NEAIr ioe aa eens i Sek To) ee IS F 1, 283, 874 15, 526 | 1.2] 1,268,348 
MVE aT vlan seen oe see oe ee! 2, 022, 986 | 45, 950 | 23 1, 977, 036 
Michi pAtiemee ne eetee nia Sars Tes | 8, 742, 392 506, 314 | 5.8 | 8, 236, 078 
BMitnmesotame sso) a ee? Age 3, 989, 282 125, 342 and 3, 863, 940 
RVEGSSOUL eeeeeetas ale see a Sek Ae 4, 234, 070 74, 955 | 1.8 4, 159, 115 
INebraskas Soe) cn eee hs 2, 202, 236 8, 434 0.4 2, 193, 802 
UNG V.5 Cis semen ate eA Wd Ne Oe 335, 446 16, 741 5.0 318, 705 
ING WrEAmDSDING=2 20: 2+ a seee 716, 140 9, 068 1.3 707, 072 
NiorunCaroling=s 22 oes...) sae 2 6, 238, 508 156, 130 2.5 6, 082, 378 
NorbheDakopaze sauna 649, 416 | 15, 000 253 634, 416 
Ohio EE as a Se 9, 133, 785 123, 835 1.3} 9,009, 950 
Oregonsccse ae. Benes. 2 cee 3, 065, 151 156, 056 5.1 2, 909, 095 
SOUL GarOun th ae ae ee eee 3, 870, 588 5, 185 0.1 3, 865, 403 
MOUG OAK Obs ee eee. eens 2, 122, 406 274, 808 1259 1, 847, 598 
AUP RAD) event ee 045 Ber tees Se 3, 863, 117 161, 166 4.2 3, 701, 951 
RW ASning GOI as se Pe tense setae |S 2 3, 205, 114 184, 302 5.8 3, 020, 812 
VCC MA Tea DOVE, a a a eye oe eee aL 2, 222, 329 35, 590 1.6 2, 186, 739 
AWER eayatilahs "ee ke re ee eee 4, 155, 469 123, 793 3.0 4, 031, 676 
Wey ONT eee ser tree ee ee 460, 972 4, 675 1.0 456, 297 

PR Obal Seb Mae 6 ee. ae 100, 604, 852 | 4, 109, 513 4.1 | 96, 495, 339 

GASOLINE TAX REFUNDS VARIABLE 

The ratio of the refunds to the total collections 
varied a good deal in the several States. The lowest 
amount refunded relative to the total gasoline-tax 
receipts is found in South Carolina, where the ratio is 
0.1 per cent; the highest in Arizona, where it is 17.3 
per cent. In South Dakota the refunds were 12.9 per 
cent of the collections. In both of the latter States 
unusual conditions are found with respect to these re- 
funds. It has been intimated by some one that the 
refunds in Arizona were relatively high because taxes 
were paid on certain amounts of gasoline which were 
afterwards shipped outside of the State, which resulted 
in claims having been put in for refunds. The reason- 
ableness and justice of exempting from taxation gaso- 
line not used by motor vehicles can be readily ad- 
mitted, in as much as the prime purpose of the tax is 
to secure funds from users of the highways in propor- 
tion to the use. 

Collection costs —Only 21 States reported separately 
the cost of collecting gasoline taxes. In these States 
the gross amount collected in 1925 was $82,456,346, 
and collection costs as reported were $217,393. The 
collection costs, therefore, amounted to an average cost 
for these States of $2.64 per thousand dollars, or 0.264 
per cent. The details are set forth in Table 5. 

26762°—27——2 

TaBLE 5.—Costs of gasoline tax collection 

| { 

| | Collec- 
2 Gross | Total number | Reported! Pratiese “2 tion cost 
State | amount | of gallons collec- | ver $1 000 per mil- 

collected | taxed tion costs een ane lion gal- 
} | lons taxed 

Ale bamn a ae eee eet Ns | $2, 140, 802 | 107,040,092 | $9,461 | $4.42 $88. 39 
Walifornig S85 ees mas! 16, 150, 387 747, 839, 462 7, 393 | 46 9. 89 
Wioni dee = ee) see) 7, 657,507 | 210, 323, 517 6, 000 | .78 28. 53 
Gevrpis: eee ee 4,418,824 | 138, 802, 152 4, 200 | . 95 30. 26 
ldsho sae Ae | 932,064 | 30, 809, 320 9, 466 10. 16 307. 24 
Indiana: eae oe | 7, 832,462 272, 980, 870 12, 436 1. 58 45. 56 
LOWas See ee SP aT, 3, 568,184 | 175, 255, 740 5, 520 1. 55 31. 50 
Nigin@s1 = 4 es ee 8 1, 283, 874 56, 513, 741 5, 596 4, 36 99. 02 
Maryland ieee. = ee 2, 022, 986 98, 851, 813 2, 500 | 1, 24 25. 29 
Michigans sitee seen on | 8, 742, 392 | 411,803,864 | 41, 358 4,73 100, 43 
Mississippi --___-_____ _.| 2,404, 274 83, 142, 469 1, 800 | raul 21. 66 
Missouri ape ee pene 4, 234, 070 207, 955, 474 23, 429 5.53 | 112. 66 
Nebraska oe eS 2, 202, 236 109, 690, 122 4, 963 | 2. 25 45. 25 
New Mexico._._________ 587,356 | 20,490,892 | 26,868/  650.00| 1,311.22 
Oregon See eee es 3, 065, 151 | 96, 969, 835 | 6, 553 2.14 67. 58 
‘onnessee #2. ees ee 3,407,886 | 122,000,680 | 22,768 6. 68 186. 62 
Utah so pees eer a | 1,064,004 | 32, 217, 216 3, 750 3.52 | 116.40 

‘ Virginia... eee So ee ay | 3, 863, 117 123, 398, 365 | 5, 604 | 1,45 45. 41 
West Virginia...-.-_.__. | 2,222,329 | 76,331,660 | 7, 500 3. 37 98. 26 
Wisconsin Pee. eee 4, 155, 469 201, 583,789 | 10,000 2.41 49. 61 
Wieyoming= 2 9 bem te. 460, 972 20, 746, 056 | 228 .49 10. 99 

AUC ee ol ees -| 82, 456, 346 | 3, 344,747,159 | 217,393 | 12, 64 1 65. 00 

1 Average. 

It is noted that the collection costs vary materially 
in this group of States which represent approximately 
half of the number of States levying a gasoline tax. 
In California the reports show that it costs the State 
only 46 cents to collect $1,000 of gasoline taxes; in 
New Mexico, which is at the other extreme, the collec- 
tion costs amount to $50 per $1,000 collected. These 
differences in collection costs can be explained in several 
ways. Itis quite probable that some of the States in 
arriving at these cost figures include only such extra 
expenditures incurred by those State officers whose 
duty it is to collect the gasoline tax which are over and 
above the office expenses prior to the assumption of the 
new duty. In New Mexico, on the other hand, the 
law provides that the collection expenses shall not ex- 
ceed 5 per cent of the collections and, according to the 
reports, the collection costs come right up to this max- 
imum limit fixed by statute. There is another con- 
sideration which should have an effect on this ratio: 
It should not involve any greater costs to collect a tax 
of 2 or 3 cents per gallon than a tax of 1 cent per gallon. 
It would, therefore, appear that if the States followed 
a uniform system of cost accounting, the collection 
costs per $1,000 would be correspondingly lower in the 
States charging the higher gasoline tax rates. 

In Table 5 the collection costs are also computed on 
a per-million-gallon basis. In making that comparison 
of costs the element of the tax rate is completely 
eliminated. The costs range from $9.86 per million 
gallons in California to $1,310 in New Mexico, the 
average for this group of States being $65 per million 
gallons. 

Aside from New Mexico the costs of collecting this 
amount of revenue are low when compared with the 
collection costs of other forms of revenue. In 1924 
the collection of the custom revenues cost the Federal 
Government $22.50 per $1,000; the internal-revenue 
collection costs were $12.10 per $1,000. These figures 
are compared with the collection cost of $2.64 per 
$1,000 of gasoline taxes received. The collection cost 
of these Federal taxes per $1,000 amounts to over five 
times the collection cost of the gasoline tax. 

DISPOSITION OF THE GASOLINE-TAX REVENUES 

The gasoline-tax revenues in 1925 amounted to 
$144,921,949 after deducting $217,393 which 21 States 
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reported as their total collection costs. In addition 
to this amount $889,598 was collected in the District 
of Columbia. In the analysis which follows these 
District of Columbia revenues are not included. The 
disposition of the gasoline-tax revenues was made for 
the following purposes in the amounts indicated. 

Purpose Amount Per cent 

—_ Fa | 

Construction and maintenance of State highway system___| $97, 084,753 | 67.0 
Construction and maintenance of local roads...-----_-_--___- 31, 848, 464 22.0 
Principal and interest payments on State and local bonds... 5, 853, 703 4.0 
‘ransfers't0, general {Und 2. 5 ee ee ee eT | 3, 722, 796 | 2.6 
Use om city Streets sca so ek ene 3, 097, 892 | 2.1 
Other: purposes ci. Leek ee See ee eae ee 3, 314, 341 | 2.3 

ROtalos- 225.05 eke 2 See me eter ak ane one 144, 921, 949 100.0 

According to this classification 89 per cent of the net 
gasoline-tax receipts is used directly for the construc- 
tion and maintenance of rural highways, 67 per cent 
being devoted to State highway systems and 22 per 
cent to the construction and maintenance of local roads. 
The remaining 11 per cent is also used for the most part 
for road and street purposes. 

Disposition of gasoline-tax revenues by States:—The 
statutes of the several States make definite provision 
for the disposition of the gasoline-tax revenues just as 
in the case of the receipts from license and registration 
fees analyzed in Part I. The laws of some of the States 
provide that the money derived from the gasoline tax 
shall be distributed and applied in the same manner as 
the license fees; in other States a totally different policy 
is followed. In the analysis of the statutory provisions 
made by the different States with respect to the dispo- 
sition of gasoline-tax revenues which follows, these 
similarities and dissimilarities of policy are set forth. 
Alabama.—The tax is collected by the State tax 

commission, placed in the State treasury, and all re- 
ceipts are distributed equally every month among the 
67 counties, to be used only for maintenance and repair 
of roads and bridges. 
Arizona.—The Secretary of state collects the tax and 

after deducting collection expenses deposits the money 
with the State treasurer to the credit of the gasoline-tax 
fund. One-half of this fund is turned over to the State 
road-tax fund and the other half is turned back to the 
counties in proportion to the amount collected in each 
to be used for the maintenance of county roads. 
Arkansas.—All gasoline and oil tax revenues are 

deposited in the State highway fund. The distribution 
is set forth in detail in the section of this article devoted 
to the disposition of motor-vehicle revenues. 

California.—The gasoline-tax revenues are deposited 
in the motor-vehicle fund, together with the license fees. 
The disposition of this fund is set forth in the section of 
this article devoted to the disposition of motor-vehicle 
revenues. 

Colorado.—¥ifty per cent of the receipts from the 
gasoline tax is deposited to the credit of the State high- 
way fund to be used for the construction, maintenance, 
and improvement of the State highways. The remain- 
ing 50 per cent is apportioned among the several coun- 
ties according to the mileage of State routes and State 
highways. 
_ Connecticut.—The gasoline-tax revenues are expended 
in the same manner as the license fees by the State high- 
way commissioner for the construction, maintenance, 
or reconstruction of State highways. 
_ Delaware.—The State uses the gasoline-tax revenues 
in the same manner as the motor-vehicle license fees. 

Florida.—Three-fourths of the gasoline-tax receipts 
are placed in the State road fund for the construction 
and maintenance of State and Federal-aid roads; the 
remaining fourth is divided equally among the counties 
to be used for construction and maintenance purposes. 

Georgia.—Of the 3%-cent tax collected for each 
gallon of gasoline sold, the law provides that 114% cents 
shall be allocated to the State highway department 
to be used for matching Federal aid; 1 cent is turned 
back to the county treasurers on the basis of the 
county mileage of the State-aid road system to be 
used for construction and maintenance; and 1 cent is 
set aside to meet the deficiency in the State treasury 
arising out of the deficiency of the rental of the Western 
Atlantic Railroad. 

Idaho.—The balance after administrative expenses 
have been paid is placed in the State highway fund. 
The distribution of this fund is set forth in the section 
of this article devoted to the distribution and division 
of the motor-vehicle license fees. 

Illinois —No gasoline tax is in effect. 
Indiana.—The law provides that the gasoline-tax 

revenues after the collection expenses have been 
deducted shall be deposited in the State highway fund; 
two-thirds of the net receipts are used by the State 
highway commission for construction and maintenance, 
and one-third is transferred to the general fund and 
credited to a special fund known as county, cities, and 
town gasoline fund. Three-fourths of this special fund 
are distributed as follows: 50 per cent is divided equally 
among the counties and 50 per cent is divided among the 
counties in proportion to the mileage of free gravel, 
macadam, and county-unit roads. The counties are 
required to use the funds they receive for the con- 
struction and maintenance of roads. The remaining 
fourth of this special fund is distributed among the 
cities and incorporated towns of the State in proportion 
to population and is to be used for the maintenance — 
and repair of streets, preference being given to those 
streets connecting State highways. 
Iowa.—The collection expenses are paid out of the 

gross receipts. The balance is divided as follows: One- 
third is credited to the primary road fund, the distri- 
bution of which is described in the license fee section; 
two-thirds is apportioned among the counties on the 
basis of area. One-half of this fund apportioned 
among the counties is placed in a county road fund and 
one-half is placed by each county in a township road 
fund on the basis of township road mileage. 

Kansas.—The gasoline-tax receipts are placed in the 
State highway fund. The manner in which this fund 
is apportioned and used is set forth in the motor-vehicle 
license fee section of this article. 

Kentucky.—Gasoline-tax revenues are used only for 
the purpose of construction, reconstruction, mainte- 
nance, and repair of roads and highways and for interest 
and sinking-fund payments of State bonds issued for 
highway purposes. 
Lowsiana.—The gasoline-tax revenues are credited 

to the general highway fund and are allotted for the 
exclusive purpose of the upkeep, repair, and mainte- 
nance of the State highways and bridges. 

Maine.—The gasoline-tax receipts are placed in the 
State highway fund and are used in the following man- 
ner: 16% per cent for the maintenance of State high- — 
ways and bridges and State-aid highways; 1624 per 
cent for the construction of third-class highways; 3314 
per cent for the construction of State highways; and 
3314 per cent for the construction of State-aid highways. 

He 

> 

: 

: 
i 

. 

. 



; 
* 
, 

} 

if 
. 
% 

’ 

See ae 

pga anrtaaiogS. 

ee 4 
' 

January, 1927 PUBLIC ROADS 219 

Maryland.—The gasoline-tax receipts are used for 
the maintenance and reconstruction of the roads of the 
State highway system. 
Massachusetts —No gasoline tax is in effect. 
Michigan.—The revenues derived from the gasoline 

tax are used for the following purposes: (a) To meet 
deficiencies in appropriations owed to several counties 
on State-award highways; (b) for the payment of inter- 
est on State highway bonds; (c) the balance is used for 
the general construction, improvement, and _ better- 
ment of the public highways within the State. 

Minnesota.—The gasoline-tax revenues are credited 
to the trunk-highway fund. ‘The manner in which this 
fund is expended is described in the preceding section 
relating to the disposition of motor-vehicle license fees. 

Mississippi.—The gasoline-tax revenues are placed 
in the State highway fund. Fifty per cent of the reve- 
nues is used for the maintenance of the highway 
department and for the construction and maintenance 
of State highways and bridges. The remaining 50 per 
cent is returned to the counties in proportion to the 
number of motor vehicles registered and is used for the 
construction and maintenance of county roads, bridges, 
and culverts. 

Missouri.—All the money derived from the gasoline 
tax is expended by the State highway commission for 
the construction and maintenance of State highways. 

Montana.—The gasoline-tax receipts are appor- 
tioned in the following manner: (a) 15 per cent is 
credited to the State highway fund; (6) 55 per cent is 
divided equally among the counties; and (c) 30 per 
cent is turned into the general fund of the State. 

Nebraska.—The revenues derived from the gasoline 
tax are placed in the gasoline highway fund, which is 
used for the construction and maintenance of State and 
Federal aid highways. 

Nevada.—All the gasoline-tax receipts are deposited 
in a gasoline-license tax fund. Fifty per cent of this 
fund is transferred to the State highway fund to be 
used for construction and maintenance purposes; 50 
per cent is transferred to the State highway fund of the 
various counties in proportion to the number of regis- 
tered motor vehicles. 

New Hampshire —The gasoline-tax revenues are used 
in the same manner and for the same purposes as the 
motor-vehicle license fees. 

New Jersey—No gasoline tax is in effect. 
New Mexico.—The gasoline-tax revenues are placed 

in the State road fund and are used for the maintenance 
of State highways. 

New York.—No gasoline tax is in effect. 
North Carolina—The gasoline-tax revenues are 

credited to the State highway fund and are disposed of 
by the State highway commission in the following 
manner: (a) $250,000 is set aside to meet the expenses 
of the State highway commission; (b) a sum is appro- 
priated sufficient to meet the annual interest charges 
on the $65,000,000 bond issue for highway purposes; 
(c) a sum is appropriated sufficient to create $500,000 
sinking fund annual payments upon the $65,000,000 
bond issues; and (d) the balance is used by the State 
highway commission for the construction and mainte- 
nance of roads. 

North Dakota.—All the revenues derived from the 
gasoline tax with the exception of $200,000 are deposited 
in the State highway fund for the construction, recon- 
struction, and maintenance of the Federai-aid and 
State-aid highways. 

Ohio.—The law provides that the gasoline-tax re- 
ceipts shall be distributed and disposed of by the 
State treasurer in the following manner: (a) The first 
$50,000 collected is placed by the State treasurer in a 
gasoline rotary tax fund to which sums are regularly 
added to keep this fund floating at $50,000; (6) 30 
per cent of the balance is paid out to State municipal 
corporations, in proportion to the number of motor 
vehicles within such municipalities during preceding 
calendar year, for street maintenance purposes; (c) 25 
per cent is divided equally among the counties for 
maintaining and repairing county road systems; and 
(d) 45 per cent is apportioned to and expended by 
the State highway department for the purpose of 
maintaining, repairing, and keeping in passable con- 
dition the roads and highways of the State. 

Oklahoma.—One-third of the gasoline-tax revenues 
is credited to the highway fund of each county and is 
apportioned to each county in that percentage which 
the population and area of the county bear to the 
population and area of the State, to be used for the 
construction and maintenance of county or township 
roads; two-thirds of the receipts are deposited to the 
credit of the State highway construction and main- 
tenance fund. 

Oregon.—The gasoline-tax revenues are all placed in 
the State highway fund to be used for construction 
and maintenance purposes on the State highway 
system. 

Pennsylvania.—The money derived from the gaso- 
line tax is distributed in the following manner: One- 
fourth is credited to the counties in proportion to the 
amount of taxes collected and is used for the construc- 
tion and maintenance of highways and for the payment 
of interest on county road bonds; three-fourths are de- 
posited in the State motor-license fund and used to 
meet interest and sinking-fund payments on State high- 
way bonds; and the balance is used for construction 
and maintenance purposes. 

Rhode Island.—The gasoline tax revenues are placed 
in the State highway fund and are used for the con- 
struction and maintenance of secondary roads. 

South Carolina.—Three-fifths of the gasoline-tax rev- 
enues are credited to the State highway department, 
and two-fifths are distributed among the counties on 
the basis of the amount of license fees collected, for the 
construction and maintenance of roads not in the State 
highway system. 

South Dakota.—The receipts derived from the gaso- 
line tax are placed in the State highway fund and are 
expended by the State highway commission for the 
construction, reconstruction, and maintenance of high- 
ways and roads under the commission’s jurisdiction. 

Tennessee——The gasoline-tax revenues are all used 
for the construction and maintenance of highways of 
the State. 

Texas.—The receipts derived from the gasoline tax 
are apportioned as follows: (a) One-fourth to the free 
school fund; (6) three-fourths to the State highway 
fund for construction and maintenance purposes. 

Utah.—The gasoline-tax receipts are placed to the 
credit of a fund for the payment of interest and sink- 
ing-fund charges on State road bonds. 

Vermont.—The gasoline-tax revenues are available 
the same as the motor-vehicle license fees for road 
maintenance by the State highway department. 

Virginia.—The receipts derived from the gasoline 
tax are disposed of in the following manner: (a) 2 
cents of the rate is appropriated for the construction of 
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roads and projects on the State highway system; (6) 1 
cent is devoted to the construction of roads and bridges 
on county highway systems distributed among the 
counties on the basis of the total State taxes paid by 
counties into the State treasury; (c) the extra 1% 
cents, added to the former rate in 1926, is turned over 
to the counties if they match the amount by an appro- 
priation of their own. 

Washington.—All the gasoline-tax receipts are placed 
in the motor-vehicle fund, the disposal of which is set 
forth in the preceding section devoted to the disposition 
of motor-vehicle license fees. 

West Virginia—The revenues derived from the gaso- 
line tax are disposed of in the same manner as the reve- 
nues derived from motor-vehicle license fees. 

Wisconsin.—The_ gasoline-tax reyenues, together 
with the motor-vehicle license fees, are all placed in a 
fund from which the annual appropriations for State 
highway purposes are made. These have been set 
forth in detail in the preceding section. 

Wyoming.—The receipts derived from the gasoline 
tax are apportioned among the counties in proportion 
to the number of miles of State highway in each and 
used for maintenance purposes. 

GAS TAX DISTRIBUTION LIKE LICENSE FEE USE IN 14 STATES 

In 14 of the 44 States which have in effect a gasoline 
tax there is no distinction made between the revenues 
derived from this kind of tax and the revenues produced 
by the license fees, so far as the distribution and use 
of these funds are concerned. They are: Arkansas, 
California, Connecticut, Delaware, Idaho, Kansas, 
Kentucky, Louisiana, Minnesota, Rhode Island, Ver- 
mont, Washington, West Virginia, and Wisconsin. 
The remaining 30 States provide for a disposition of 
the gasoline tax receipts different from that of the 
motor-vehicle license fees. 

According to the reported figures a somewhat larger 
proportion of the gasoline-tax revenues is used for the 
construction and maintenance of local roads than is 
found in the case of motor-vehicle license fee receipts. 
In 1925, 22 per cent of net gasoline-tax revenues was 
devoted to local highway purposes; the proportion of 
the motor-vehicle license fees for that purpose amounted 
to only 19.5 per cent. The sum of money taken out 
of license fees for local highway purposes, however, 
was greater; $48,396,471 derived from motor vehicle 
license fees was used for local highway purposes and 
$31,848,464 derived from gasoline taxes. 

In only eight States is there any direct provision in 
the law which calls for an apportionment of any of these 
motor-vehicle revenues or gasoline taxes among cities 
or municipalities. These States are Alabama, Indiana, 
Maryland, Ohio, North Carolina, Oklahoma, Washing- 
ton, and Wisconsin. The laws in these States provide 
that certain portions of the funds which the State re- 
ceives shall be allocated to municipalities and shall be 
used by them for street improvements. These provi- 
sions have already been covered in the digest of the 
laws of the various States pertaining to the distribu- 
tion of the license fees and gasoline taxes. It is be- 
lieved, however, that special attention should be called 
to this particular phase of the disposition of motor- 
vehicle revenues at this point because of the rather 
wide interest given to this phase of the subject at this 
time. 

In Alabama 20 per cent of the balance from motor- 
vehicle license fees (after deducting collection expenses) 

is turned back to the incorporated city or town in 
which the owner of the registered vehicle resides. 

The gasoline-tax law of Indiana provides that a cer- 
tain portion of the net revenues derived from the gaso- 
line tax shall be distributed among the cities and incor- 
porated towns of the State. The details relating to 
the apportionment of the gasoline-tax receipts are set 
forth in that part of the gasoline-tax section devoted to 
Indiana. The net result is that 814 per cent of the net 
gasoline-tax collection is distributed among the cities 
and incorporated towns of the State for the mainte- 
nance and repair of their streets. In using this money 
preference is to be given to those streets connecting 
State highways. In 1925 the cities and incorporated 
towns of the State were entitled to receive according to 
these provisions $636,684. 

The Maryland law makes direct provision that 20 per 
cent of all the license fees collected in the State shall be 
paid over to the city of Baltimore for use on its streets. 
The number of motor vehicles registered in the city of 
Baltimore in 1925 was 44 per cent of the total number 
of vehicles registered in the whole State of Maryland. 
It would appear therefore that the city of Baltimore — 
had returned to it approximately half of the registra- 
tion fees collected within its limits. 

4 

This conclusion. 
is obviously based on the assumption that the average 
license fee per vehicle collected in Baltimore does not. 
differ materially from the average license fee collected 
throughout the State. No part of the gasoline-tax 
revenues is apportioned to Baltimore nor do any of the 
other cities and municipalities in the State share in 
either the license-fee or gasoline-tax receipts. 

The Wisconsin law provides that a portion of both 
the license-fee receipts and the gasoline-tax revenues 
shall be paid over to towns, villages, and cities for the 
improvement of roads and streets not part of the State 
and county trunk highway systems. The payments 
are based upon the amount of mileage in the municipali- 
ties and the amount paid per mile varies according to 
the size and population of the municipality. The 
details are fully set forth in the motor-vehicle license 
fee section. For the fiscal year ended June 30, 1926, 
according to the report of the Wisconsin Highway 
Commission, the net amount of license fees and gasoline 
taxes collected by the State was $13,279,529. Of this 
amount $1,865,218, or 14 per cent, was turned over to 
towns, villages, and cities. The mileage upon which 
these payments were based amounted to 62,743 miles. 
The towns received $1,422,854, or 76 per cent, of the 
total amount of money distributed in this manner, and 
they contained 90 per cent of the total mileage. Vil- 
lages received $37,540, or 2 per cent, of the amount 
distributed. There were 161 cities in the State, of 
various sizes, which received $404,824, or 21.6 per 
cent, of this amount, based upon 4,330 miles of streets, 
which was but 6.9 per cent of the total mileage upon 
which these payments to localities were based. For 
the 161 cities which participated in these revenues, the 
average received per city was $2,514. For Milwaukee, 
the largest city in the State, it amounted to $109,700, 
based on 548.5 miles of streets not included in the State 
highway system. Eight of the cities received over 
$10,000 each. . Forty-seven cities received between 
$1,000 and $10,000, and 86 received less than $1,000 
each. The sum of this amount of $404,824, which 
was distributed among the cities and the $37,540 given 
to villages for municipal street improvements, or a total 
of $442,365, constituted but 3.4 per cent of net revenues 
derived from motor-vehicle fees and the gasoline tax. 
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North Carolina allows any city or town to charge a 
license fee not exceeding $50 for any motor vehicle 
used in transporting persons or property for hire in lieu 
of all other charges, fees, and licenses. 

Oklahoma laws provide that from the 60 per cent of 
funds raised by the motor-vehicle tax and returned to 
counties from which collected, the board of county 
commissioners are required to pay to the incorporated 
towns and cities of their counties 15 per cent of all 
money collected in such towns and cities to be credited 
to the street and alley fund. 

The laws of Washington transfer out of the motor- 
vehicle fund the sum of $1,400,000 annually to the credit 
of the primary highway maintenance fund from which 
latter fund is transferred annually to each first and 
second class city a sum equal to $500 per mile for each 
mile of primary highway in such city, and similarly 
to each third and fourth class city $300 per mile. 

Ohio cities receive a part of the license fees and also 
of the gasoline tax receipts. Fifty per cent of the 
license fees is turned back to the municipalities in 
which the tax was collected. Thirty per cent of the 
gasoline tax receipts is also returned to the munic- 
ipalities. The gasoline tax apportionment is made on 
the basis of the number of vehicles registered. In 
1925, although the gasoline tax was in effect only after 
April 18, the apportionments of revenues from this 
source amounted to $2,702,985. That year the total 
license fee revenues were $13,147,231, and one-half 
of this amount was transferred to counties and munic- 
ipalities. Just what portion of this transfer of funds 
went to municipalities is not disclosed by the reported 
figures. The funds derived from the license fees and 
the gasoline tax are to be used by cities for street 
maintenance purposes only. 

In New York the law provides that 25 per cent of the 
license fees collected in each county shall be retained 
by the county for road maintenance purposes to be 
expended under the direction of the State commissioner 
of highways. Inasmuch as the city of New York 
comprises several counties its share of the license-fee 
revenues is credited to the city’s general fund, the law 
being silent as to how the city is to use these funds. 

The analysis of the statutory provisions relating to 
the disposition of the’motor-vehicle fees and gasoline 
taxes by the States shows that where the States are 
directed to transfer a portion of these funds to counties 
or municipalities a number of different bases are used 
in making the apportionments. In 22 States there is 
such a transfer of funds. In 16 States the amount of 
fees collected from local government units, such as 
county or city, is named as the basis of apportionment; 
in two States it is the number of registered motor 
vehicles. One State uses population as a basis; one 
State uses area, one State uses road or street mileage; 
and one State makes an equal distribution among the 
counties. 

There are 21 States which distribute a portion of the 
gasoline tax receipts. Five States distribute these 
receipts in proportion to the amounts collected; 4 dis- 
tribute them according to mileage; 3 use the number 
of motor vehicles registered as a basis; and 3 divide the 
portion to be distributed equally among the counties. 
One State uses population as a basis of distribution; 
one uses the amount of State taxes paid as a basis. 
Area and mileage, population and area, mileage and 
equal distribution among counties, registration and 
equal distribution among counties furnish the bases in 
four other States, respectively. 

The total disbursements in 1925 for rural highway 
purposes are reported to have been $1,288,939,707. 
This amount includes the outlays for highway improve- 
ments made by the State highway commissions and 
by the local authorities. In arriving at this total there 
are included as expenditures the transfers of funds from 
State commissions to local authorities and also the 
transfer from local to State authorities. After making 
a deduction of these transfers of funds the net total 
disbursements are found to be $1,241,049,094. The 
total collections from motor vehicles, including license 
fees and gasoline taxes, amounted to $406,648,561, an 
amount equivalent to 32.8 per cent of the net disburse- 
ments. Not all of these motor-vehicle revenues which 
the States collected were used or were available for 
highway purposes. 

The net disbursements made by the State highway 
commissions were $623,549,605 in 1925. To meet 
these expenditures the States received $199,845,163, or 
32 per cent of the disbursements, from motor-vehicle 
license fees; and $89,328,340, or 14 per cent, from 
gasoline taxes. It may, therefore, be said that 
$289,173,503, or 46 per cent, of the net highway dis- 
bursements made on behalf of State highway com- 
missions was derived from motor-vehicle revenues. 

The net disbursements for local highways were 
$617,499,489. To meet these expenditures the local 
highway authorities received $71,379,424, or 11.5 per 
cent, of the total disbursements as their share of the 
motor-vehicle revenues. The sum of $46,545,445, or 
7.5 per cent, of the disbursements was derived from 
motor-vehicle license fees, and $24,833,979, or 4 per 
cent, came from gasoline taxes. 

These funds for highway purposes derived from 
motor-vehicle license fees and gasoline taxes and their 
relation to the total net disbursements, State and local, 
for highway improvements may be summarized as 
follows: 

Total net highway disbursements, State______ $623, 549, 605 
Total net highway disbursements, local_______ 617, 499, 489 

1, 241, 049, 094 

Sources of highway funds, State: 
Ihicgensesieceg mente ee eer a 
Gasolinettax mise. see» lee 

$199, 845, 163 
89, 328, 340 

by 2807172. 608 

bursements, 46 per cent. 
Sources of highway funds, local: 

Icense tease eta ae usa 
Gasoline: tax cry ae ee Oe eee 

$46, 545, 445 
24, 833, 979 

AU OUR se eee Oe SMR ceteLe Ua SiR Ne Salt Sd 71, 379, 424 
Ratio of these sources to local highway dis- 

bursements, 11.5 per cent. 
Total funds derived from motor-vehicle 

license fees and gasoline tax, State and 
360, 552, 927 

local, 29 per cent. 

The disbursements covered the items of construction 
on roads and bridges, maintenance, administration 
and engineering, retirement and payments on bonds, 
interest payments, equipment, machinery and repairs, 
etc. The funds to meet these expenditures in addition 
to those derived from motor-vehicle revenues were 
obtained from bond issues, taxation, and Federal aid. 
The Federal-aid funds may also be regarded as having 
been derived from the excise taxes on automobiles 
collected by the Federal Government inasmuch as the 

(Continued on p, 229) 



EARTH PRESSURES ON GUBY ER EIREos 
By G. M. BRAUNE Dean, School of Engineering, University of North Carolina 

TRUCTURES that are constructed of elastic ma- 
terials having practically uniform physical prop- 
erties, and w hich are subjected to applied loads of 

known magnitude, direction, and position may be 
safely designed in accordance with an exact mathe- 
matical theory. This is not true, however, of struc- 
tures which are subjected to applied loads caused by 
the weight of granular materials, because the loads 
become variable depending upon the movement of the 
granular materials and, in consequence thereof, the 
attendant variable frictional and cohesive forces. In 
other words, the deflection or deformation of the sup- 
porting str ucture is , in this case, an important function 
governing the magnitude and direction of the applied 
loads. Therefore, in order to determine the effect of 
loads on structures due to the action of eranular mate- 
rials, such, for instance, as earth embankments on 
culvert pipe, it becomes necessary to perform large- 
size experiments that will conform as far as possible to 
actual practical conditions. 

Certain experiments on a large scale extending over 
a period of several years with the object in view of solv- 
ing this problem have been conducted by Dean Anson 
Marston, of the Iowa State College at Ames, Iowa. 

The apparatus at Ames was apparently designed on 
the assumption of obtaining earth pressures on a rigid 
body practically free from deflection or deformation. 
The earth pressure of embankments, varying from 16 
to 20 feet in height, acting on wooden cylindrical bodies 
40 inches in diameter and supported from the top of 
the inside, were transferred by a system of levers to a 
number of platform scales where the readings were 
observed and recorded. 

In the second progress report presented April 7, 1922, 
at Chicago to the joint concrete culvert pipe commit- 
tee, Dean Marston stated that his experiments showed 
that the maximum pressures obtained on the cylin- 
drical body as determined from actual scale readings 
for a projection condition was about 1.9 times the weight 
of the material directly over the cylinder. 

Other experiments to determine pressures on culvert 
pipe have been made near Farina, Ill., under the aus- 
pices of a subcommittee of the American Railway 
Engineering Association, and directed by J. R. Wilks, 
former chief engineer of the Armco Culvert and Flume 
Manufacturers’ Association. 

The embankment from which these pressures were 
obtained was 35 feet high and located on a new line 
of the Illinois Central Railway. Different kinds of 
pipes were used, consisting of corrugated metal, 
heavy cast iron, and reinforced concrete, with sizes 
ranging from 24 inches to 42 inches in diameter. The 
apparatus used to obtain the pressures consisted of a 
series of soil pressure cells, commonly known as Gold- 
beck cells, which were attached to the inside surface 
of the pipe. The results of these experiments as found 
in the report of the subcommittee of the American 
Railway Engineering Association are as follows: 

1 This paper by Dean Braune and the accompanying discussion by Dean Marston 
were presented at the annual meeting of the American Association of State Highway 
Officials, at Pinehurst, N. C., Nov. 12, 1926. The investigations reported in Dean 
Braune’s paper were made in "cooperation with the North Carolina State Highway 
Commission and the U. 8. Bureau of Public Roads. The work was directly super- 
vised by Prof. H. F. Janda, of the engineering school of the University of North 
Carolina. The author desires to acknowledge his indebtedness to Dr. William Cain 
for valuable advice and assistance, and to the manufacturers by whom the pipe used 
in the experiments were fur nished. 
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The intensity of vertical pressure measured by the top cells 
of the corrugated or so-called flexible culvert is about 54 per 
cent of the weight of the unit column of material above the cell, 
whereas for the so-called rigid type of culvert the cell reading 
showed 1.58 times the weight of the material above the cell. 
Or, in other words, the intensity of vertical pressure measured 
by the top cells on the flexible type is about one-third of the 
measured vertical pressure on the rigid type of culvert. 

In 1922, Frank Page, chairman of the North Caro- 
lina Highway Commission, and Charles M. Upham, 
chief engineer, made the suggestion to the staff of the 
engineering school of the University of North Caro- 
lina that a series of experiments be undertaken at 
Chapel Hill to determine earth pressures on culvert 
pipe, using conditions that would conform to the 
practice as closely as possible. Accordingly, a site 
was chosen for the experiments on a private roadway 
near the Pittsboro Road, about 1 mile south of Chapel 
Till eNe: Cees Ee conditions surrounding the site are 
admirable for the performance of the experiments as 
it is accessible to the main highway with sufficient 
working material close at hand. The profile of the 
original ground permitted a good location for the 
culvert pipe apparatus and the formation of embank- 
ment up to 20 feet in height, or greater if desired. 

Test PIPE IN PLACE 

DESIGN OF APPARATUS 

The main objects to be observed in the design 
(fig. 1) were to eliminate, as far as possible, the move- 
ment of the supporting element under the culvert 
pipe and provide an ample place for the weighing 
apparatus and convenient space for the observer. 

The housing for the weighing apparatus consists of a 
reinforced concrete box culvert 58.5 feet long, 7 feet wide, 
and having a clear height of 7 feet. The ground for the 
foundation of the culvert box was excavated sufficiently 
at the lowest point of the roadway so as to obtain the 
desired elevation of the test pipes. 

The weighing apparatus which was placed inside of 
the culvert box consists of four platform scales, each 
having a capacity of 30,000 pounds, designed and con- 
structed especially for these experiments by Riehle 
Bros., of Philadelphia. They have been calibrated a 
number of times and are considered to give quite ac- 
curate results. Steel columns extending up to the roof 
of the culvert box are supported on the scale platform 
and on top of these columns the test pipes are placed. 
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The columns are only 5 feet long but in order to 
eliminate any appreciable deformation they were pro- 
vided with an excessive cross-sectional area so as to 
keep the unit stress below 1,000 pounds per square 
inch. ‘The concrete roof of the culvert box is supplied 
with a slot large enough to permit the insertion of the 
test pipes. In the first series of experiments the four 
test pipes, consisting of cast iron, were 30 inches in 
diameter and 21% feet long, with a barrel thickness of 
1 inch. These pipes were submerged in the roof of 
the culvert so that one-half of the pipe extended above 
the top surface of the roof. This condition would be 
termed a “50 per cent projection.” 
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Fig. 1.—Sketcu or APPARATUS FoR EARTH PRESSURE EXPERI- 
MENTS AT CHapEL Hitt, N. C. 

In the second series of experiments which are now 
under way, the bottom of the pipe is placed flush with 
the top surface of the culvert roof, constituting what 
is termed a “100 per cent projection.” 

The filling material consisted of sand of a fairly uni- 
form character, obtained from a small creek about a 
half mile from the site. Besides the sand, a fill mate- 
rial of clay was used in one set of experiments. 

The embankment was given a minimum width of 24 
feet at the top when the fill had reached its maximum 
height of 20 feet with side slopes of 11% to 1. 

Concerning the action of earth pressures on elastic 
culvert pipes the following is quoted from a paper en- 
titled: ‘‘ Design of Culvert Pipes,” by Dr. Wilham Cain: 

The simple laws of mechanics and certain experiments indi- 
cate that the vertical earth pressure, H#, on pipe culverts varies 
according to the relative deflections of the top of the pipe and 
the adjacent soil. In diagram No. 1 (fig. 2) the top of the pipe 
deflects much more than the adjacent soil and there will be a 
tendency for the prism directly over the pipe to move downward, 
relative to the earth alongside it, and through friction and 
cohesion it transfers part of its weight to the soil adjacent to 
the pipe. Therefore, the earth pressure, H, is less than W, the 
weight of the material directly over the pipe. In the case illus- 
trated by diagram No. 2, the deflections of the top of the pipe 
and the soil adjacent are assumed to be the same and there will 
be equal settlement of both the prism of earth and the adjacent 
soil, no relative motion ensuing. Consequently, there will be 
no friction exerted along the sides of the prism and the earth 
pressure, H, will then be equal to W. The other case, illus- 
trated by diagram No. 38, is just the converse to that of the 
first diagram. The earth outside the prism over the pipe is 
moving downward, relatively to the prism itself, this being due 
to the rigidity of the pipe. Thus, through the medium of fric- 
tion and cohesion, part of the weight of the outside material is 
transferred to the prism over the pipe and FE becomes much 
greater than the weight of the prism W. 

ian 

SECTION ALONG € OF ROADWAY 

We will call the ratio of the actual earth pressure to 
the weight of the prism of earth directly over the pipe, 

K—thatis, K= = 

as expressed above, A should vary, depending on the 
relative deflections of the pipe and the earth alongside 
of the pipe, or in 
other words its value 
would be dependent 
on the rigidity of the 
pipe. For flexible 
pipe, therefore, K 
should be less than 
unity, but greater 
than unity for the 
rigid type of pipe. 

FIRST TESTS MADE WITH 
PIPE IN 50 PER CENT 
PROJECTION 

Now, in accordance with the theory 

Four sections of 
cast-iron pipe, each 
having a diameter of 
30 inches, a length 
of 2% feet, and a 
barrel thickness of 1 
inch, were placed on 
the weighing ma- 
chines so as to per- 
mit a 50 per cent 
projection—that. is, 
50 per cent of the 
circumferential sur- 
face of the test pipe 
extended above the 
concrete roof surface 
of the box culvert. (The concrete roof surface here 
corresponds to the original ground surface alongside 
of pipe.) The embankment was made of sand care- 
fully deposited on top of and on each side of the pipe 
for a distance of 12 feet. 

THE WEIGHING CHAMBER 

SURFACE SURFACE 

by 5) eos 

E=W K=I er=el! 

DIAGRAM NO.2 

E>W K>I e¢cel 

DIAGRAM NO.3 DIAGRAM NO.| 

Fig. 2.—DiaGramMs ILLUSTRATING THE ACTION OF EARTH 
PRESSURES ON Evastic CuLVERT Pipes, ACCORDING TO Dr. 
WILLIAM. CaIN 

The embankment was formed in 1-foot layers per- 
mitting the side slopes to assume the natural repose. 

During the construction of the embankment, scale 
readings were taken at 1-foot intervals and at the same 
intervals samples were taken for the determination of 
the physical properties of the sand. In order to 
record active earth pressures the deflection of the 
surface upon which the earth bears should be in the 
same direction as the pressure. Therefore the ten- 
dency of the movement of the scale platform should be 
in a downward direction. This condition was obtained 
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by running the rider out so that the scale beam was 
always down and the platform up. When the read- 
ings were taken the rider was run in until the beam 
just began to float. Thus the mass of earth tended to 
move down and was supported in part by friction and 
cohesion. The vertical earth pressure exerted upon 
the pipe was read on the scales. 

Except during actual work on the fill, or during 
pressure observations, a tarpaulin was kept over the 
surface in order to maintain the moisture content as 
constant as possible. 

A preliminary test was first made in which the 
embankment was carried up to an elevation of 7 feet. 
The passive pressures were obtained for this test so as 
to get a comparison with the active ones. After 
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Fiag. 3—Resutts or First EXPERIMENT AT CHAPEL HILL, 
N. C., SHowING PRESSURES ON CULVERT CORRESPONDING 
To Various Hricuts or Sanp Fitt DurRinG THE PLACING 
AND REMOVAL OF THE Fitu. THe Test Was ManbsE on 
A CULVERT witH 50 Par CrEntT PROJECTION 

removing this fill a new one was started on June 11, 
1924, in which the active pressures were obtained and 
recorded for each 1-foot interval until a height of 20 
feet was reached on October 1, 1924. The results of 
this experiment are shown in Figure 3, in which is 
recorded the scale pressure curve and also a curve 
showing the actual weights of the prism of material 
resting on top of the pipe. 

If we call W the weight of the prism of material 
immediately over the test pipe, and EH, the pressure 
transmitted as observed from the scale readings we 

iy 

obtain for this experiment a ratio K= y= 0.84. In 

other words, this experiment showed’ that the earth 
pressure, /, on the test pipe is 84 per cent of the weight 
of the earth prism immediately over the test pipe. 

This ratio remains practically constant for the entire 
height of the fill except for the first 4 feet, where the 
earth pressures are greater than the weight of the 
earth prism. 

Fitu at Cuareu Hitz, N. C., at END oF TIME AND WEATHER 
TEst 

It should be noted that this ratio, AK, as given above, 
was obtained for a 50 per cent projection of the pipe. 
In the second series of experiments that are now being 
performed the pipe has been placed so as to obtain a 
100 per cent projection—that is, the sides of the pipe 
will be fully surrounded by filling material. Under 
this method of laying the pipe, a greater deflection of 
the material alongside the pipe should be obtained, and 
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Fia. 4.—RESsvULTs OF THE TEST AT CHAPEL Hit, N. C., SHowING 
PRESSURES ON A CULVERT, IN 50 PER CrentT PROJECTION, 
CORRESPONDING TO VARIOUS Herauts oF CLay Fitt, DuRING 
THE PLACING AND REMOVAL OF THE FILL 

consequently in accordance with the theory as outlined 
above, A should be greater than for the 50 per cent 
projection. » 

Referring again to the first sand fill, the fill having 
been built up to a height of 20 feet, was then removed 
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by stages and readings were taken at intervals during fill was raised, from a value of unity at the 4-foot level, 
its removal. 
the pressures during removal were greater than during 
the filling, and these pressures are shown in comparison 
with those recorded at the same heights during filling 
in Figure 8. 

CLAY FILL AND 50 PER CENT PROJECTION 

The next test to be undertaken was that of a 50 
per cent projection condition and clay fill. The pro- 
cedure in obtaining the scale pressures was the same as 
in the case of the sand filling, except that the clay was 
rolled at each 1-foot layer after the third with a 4-ton 
road roller. The 14-foot clay fill was started on 
November 20 and completed December 22, 1924, and 
the results of the test are recorded in Figure 4 where it 
is seen that the pressures are about equal to the weight 
of the prism over the pipe—i. e., the ratio K=1. 

The clay fill was then removed and the next test 
undertaken was that of the trench-condition clay fill. 
The trench condition as suggested by Dean Marston 
designates that method of laying in which the pipe is 
laid in a trench so that the top of the pipe is below the 
ground surface alongside. It was believed that under 
this condition the pressures would be lessened, and this 
theory was borne out by the test. 

With the test pipes in place a clay fill was made up 
to a height of 4.15 feet above the roof of the culvert. 
A trench was then dug across the entire width of the 
fill down to the concrete slab so that the test pipe see- 
tions were uncovered. The original width of the 
trench was 43 inches and the depth 48 inches to the top 
of the pipe. After the trench had been dug, it was filled 
in as loosely as possible with the clay which had been re- 
moved from it and the forming of the embankment 
was then resumed. From this point the fill was con- 
structed in the same manner as the projection clay fill 
and was completed to a height of 11 feet when a layer 
of sand 6 inches thick was spread on the surface and the 
fill was allowed to remain in place from February 25, 
1925, to May, 1926. 

The pressures for this trench condition were found 
upon completion of the embankment to be less than for 
the projection condition, the ratio (4) of the pressure 
to weight of the prism over the pipe decreasing, as the 
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It was observed that for equal heights to approximately 0.6 for the 10-foot height (fig. 5). 
The pressures, read at frequent intervals during the 

year that the embankment was in place, decreased 
from March 3, 1925, to the middle of August of the 
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Fia. 5.—Resutts or Tests or Pirpzr Lain Unprer Aa TRENCH 
CONDITION IN Cuay Fitt SHOWING PRESSURES ON CULVERT 
CORRESPONDING TO VARIOUS HEIGHTS OF FILL 

same year, when a total of 33 per cent decrease had 
taken place. After that time a slow increase occurred 
and at the last reading, May 3, 1926, a third of the 
lost pressure had been recovered. 

Sudden variations in the weather had but little effect 
upon the pressure, but it can be seen from the curve, 
Figure 6, that a heavy rainfall produces a slight tem- 
porary increase. 

1.5 

1.0 

oe 

0 

Eoeeae ese S| 
Raatie A | 

i. Pomona ecielet i 

22 (oe 

RAINFALL — INCHES 

PER LINEAL FOOT 

PRESSURE — HUNORED POUNDS 

Fic. 6—Errect oF TIME AND WEATHER ON THE 11.05-Foot TreNcH CoNDITION CLAY FILL 



226 PUBLI C ROADS Vol. 7, No. 11 

100 PER CENT PROJECTION IN SECOND TEST SERIES 

The second series of experiments was undertaken 
with the idea of ascertaining the influence of deflection 
of the pipe on the pressures. It was believed that the 
pressure was an important function of the deformation 
or deflection of the culvert pipe. It was therefore de- 
cided that a series of experiments should be performed, 
using test pipes of different flexibility, varying from a 
practically rigid body to one of large deflection, but 
using the same apparatus that had previously been 
employed. 

It was also proposed to use pipes 30 and 20 inches in 
diameter in order to obtain a relation of pressures 
for different sizes. In this series of experiments, how- 
ever, the bottoms of the pipe are placed flush with the 
floor of the culvert, thus establishing a condition of 
100 per cent projection. 

Five different kinds of pipes of varying flexibility 
having a diameter of 30 inches and a length of 2 feet 
6 inches have so far been tested. These consist of a 
solid concrete plug of practically no deformation, 
cast-iron pipe with a barrel thickness of 1 inch, smooth 
steel pipe five-sixteenths inch thick, corrugated pipe 
No. 12 gauge, and a smooth wrought-iron pipe of 
No. 12 gauge. 

The fill material so far has consisted of the same 
kind of sand that was used in the first series of experi- 
ments, deposited in the same manner as heretofore 
described. 

Four pieces of each kind of pipe were placed on the 
weighing machines with the bottom of the test pipe 
flush with the top surface of the culvert roof. 
Embankments 12 feet in height have been built for 

each set of experiments, and scale readings have been 
observed and recorded for each 1-foot interval. In 
addition to the scale readings it was deemed desirable 
to obtain pressures from soil-pressure cells and accord- 
ingly each of the four test pipes for the different sets 
of experiments were supplied with seven pressure cells. 
When the experiment is completed and the large 

amount of data obtained have been thoroughly studied 
and digested, an attempt will be made to find a corre- 
lation between the experimental data and the practical 
design for the strength of culvert pipe. However, the 
tests so far performed confirm the theory on culvert 
pipes, namely, that the pressures vary inversely as 
some power of the deflection of the pipe, and values 
of the ratio, K, have been obtained ranging between 
limits above and below unity. 

DISCUSSION 
By ANSON MARSTON, Director, lowa Engineering Experiment Station 

The Iowa Engineering Experiment Station has been 
engaged in research to determine the loads supported 
by underground conduits (of which pipe culverts are 
one class) for 17 years. For several years this work 
has been carried on in cooperation with the United - 
States Bureau of Public Roads; and the station expects 
to continue the work actively for several years. 

Five bulletins and one progress report have already 
been published at various dates from 1913 to 1926; ! 

1 Buls. 31, 36, 47, 57, and 76, and Second Progress Report on Culvert Pipe Investi- 
gations, lowa Eng. Exper. Sta. 

and other reports will be published in cooperation 
with the Federal bureau in the near future. 

The Iowa culvert researches have resulted in a com- 
plete mathematical theory of vertical loads and active 
horizontal pressures on culverts of all sizes, shapes, and 
degrees of flexibility, which apparently is well borne out 
by extensive experimental and field data obtained by the 
station, and which is easily fitted to Dean Braune’s 
experiments and to the tests conducted by the corru- 
gated pipe interests for the American Railway. Engi- 
neering Association, at Farina, Ill., as published by the 
association early this year and as referred to by Dean 
Braune. 

Culvert pipe in common use are of two types: (1) 
Rigid culvert pipe, made of burnt clay, plain concrete, 
reinforced concrete, or cast iron; and (2) flexible culvert 
pipe, made of corrugated sheets of iron or steel. 

Flexible culvert pipe-—The flexible pipe are not of 
themselves able to carry much vertical load, but under 
usual conditions of use they distort sufficiently to greatly 
lessen the vertical load by shortening their vertical 
diameters and, by materially lengthening their hori- 
zontal diameters during distortion under the vertical 
load, they develop important passive horizontal re- 
sistances in the surrounding materials, sufficient to 
bring about a condition of equilibrium somewhat 
changeable, it is true, but usually pretty stable. 

Rigid culvert prpe—The rigid pipe, on the other 
hand, do not distort enough, up to the point of ob- 
jectionable cracking and distortion, to greatly reduce 
the vertical load or to develop passive horizontal resist- 
ances which can safely be counted upon to help mate- 
rially. Only active horizontal pressures, such as are 
usually calculated by Rankine’s formula (say, one- 
fourth to one-third the vertical pressures in the mate- 
rials alongside), can safely be counted upon to help 
sustain the vertical load. 

Our mathematical theory of loads on culverts enables 
the computation of the vertical loads on both rigid 
and flexible culvert pipe (and on rectangular culverts 
as well) for all conditions of construction, and for 
different yielding of foundations as well, provided that 
the relative shortening of the vertical height of culvert, 
settlement of the culvert foundation under load, set- 
tlement of the granular filling materials alongside, and 
settlement of the original surface alongside under the 
embankment weight can be forecast approximately. 

Already data are available from which safe loads 
(sometimes perhaps larger than are sure to develop) 
can be calculated. 

FINE CONDITIONS OF INSTALLATION RECOGNIZED 

For load calculation purposes, culvert construction 
conditions, for both pipe and rectangular culverts, can 
be divided into five classes, illustrated by Figures 1 
to 5, inclusive. 

1. Ditch condition.—This is the loading condition in 
which all the filling material in the prism above the 
culvert moves down relative to the materials alongside 
as it settles. The typical case is that in which the cul- 
vert is constructed in a ditch reaching to the top of the 
embankment, but there are several other cases which 
bring about the ditch condition. The load on the cul- 
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vert under this condition is given by the formula— 
Weta bens bse te pk Se Sk (1) 

where W-=load on the culvert in pounds per linear foot 
w=weight of material in pounds per cubic foot 
B=breadth of culvert in feet 
b=clearance between the side of the culvert 

and the side of the ditch in feet 

1 

2 Kur, 
€ 

ay ae ditch coefficient 

i) = 

(ee and 

in which e=the base of Naperian logarithms 
u=the coefficient of friction of ditch filling 

against the sides of the ditch. 
H=height of ditch fillmg above top of pipe 

in feet. 
K=the ratio of lateral to vertical earth 

pressure. - 
Formula (1) is now widely established in engineering 
literature.” 

NATURAL SURFACE OF SOLID MATERIAL 
WYN BYR ——— 
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(a) Conduitintrench with (b) Conduitintrenchwith (c) Conduit in narrow 
vertical sides steep, sloping sides trench in solid material 

at bottom of wider 
trench 

HEIGHT OF EQUAL SETTLEMENT SOMEWHERE ABOVE TOP OF EMBANKMENT 

TOP OF EMBANKMENT TOP OF EMBANKMENT 
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(f) Yielding of foundation 
plus shortening of verti- 
cal diameter sufficient to 
insure greater settlement 
of all material over con- 
duit than of materials 
alongside 
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(d) Conduit in trench in (e) Sufficient loose fill over 
solid materials with em- conduit (in 1 or more 
bankment overhead layers) to insure greater 

settlement of all material 
over conduit than of 
materials alongside 

Fig. 1.—Typicat EXAMPLES oF DitcH ConpITIon or LOADS ON 
CONDUITS FROM TRENCH FILLS OR EMBANKMENT MATERIALS 

TOP OF EMBANKMENT TOP OF EMBANKMENT TOP OF EMBANKMENT 

‘Loose! 
rite} 

z 

(a) Loose fill sufficient (6) Yielding of foundation (c) Yielding of foundation 
to insure greater settle- 
ment of material over 
conduit than of mate- 
rials alongside only to 
a level below top of 
embankment 

and shortening of vertical 
diameter sufficient to in- 
sure greater settlement of 
material over conduit 
than of materials along- 
side only to a level below 
top of embankment 

and shortening of vertical 
diameter sufficient to in- 
sure greater settlement of 
material over conduit 
than of materials along- 
side only to a level below 
top of embankment 

Fic. 2—Typicat ExsmpiLes oF IMperrect DircH CoNDITION 
oF Loaps on Conpurts FROM TRENCH FILLS AND EMBANK- 
MENT MATERIALS 

2 See Bul. 31, Iowa Engineering Experiment Station, 1913. 
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(b) Same as (@) except sides of trench 
sloping 

(a) Conduit in trench with vertical sides 
(6 large in proportion to pB). 

EXAMPLES OF THE ComBINED DrrcH-PRo- 
JECTION CONDITION 

Fie. 3.—TyYpican 

TOP OF EMBANKMENT 

(a) ‘Yielding of foundation plus shorten- 
ing of vertical diameter considerable, 
but less than settlement of material 
alongside originally at level of top of 
conduit 

(6) Yielding of foundation plus shorten- 
ing of vertical diameter considerable, 
but less than settlement of material 
alongside originally at level of top of 
conduit. Same as (a) except that 
height of equal settlement is above top 
of embankment 

Fic. 4.—TypricaL EXAMPLES OF THE IMPERFECT PROJECTION 
CONDITION 

TOP OF EMBANKMENT 

HEIGHT OF EQUAL SETTLEMENT HEIGHT OF EQUAL SETTLEMENT 

(a) Foundation rock or other quite un- 
yielding material. Conduit rigid pipe 
or rectangular in shape 

(b) Same as (a) except that height of 
equal settlement is above top of em- 
bankment 

Fie. 5.—TypicaAL EXAMPLES OF THE PROJECTION CONDITION 

2. Imperfect ditch condition.—In this the ditch condi- 
tion is established imperfectly by loosely filled material 
over the pipe, or by shortening of the vertical diameter 
or by yielding of the foundation or by a combination of 
these circumstances. Formula (1) usually applies part 
way up, after which the load increases at a rate equal 
to R,wB, in which Rf, is a constant greater than unity. 
In another case, however, the load equals wB up to a 
height of equal settlement, H., above which the load 
increases at a rate R,wB, in which R, is a constant less 
than unity. 

3. Combined ditch and projection condition.—This con- 
dition is encountered when a culvert is built projecting 
above the bottom of a ditch which is relatively very 
much wider than the outside breadth of the culvert. 
The projection condition formula (see 5) applies up to 
a height of equal settlement, H,, above which the load 
increases according to the ditch-condition formula 
(see 1). 
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4. Imperfect projection condition.—In this the culvert 
projects above the original surface alongside, on which 
the embankment rests, but there is a material shorten- 
ing of the vertical diameter under load, or settlement of 
foundation, or both, sufficient to lighten the vertical 
load on the culvert, yet less than the settlement of the 
embankment materials alongside at the level of the top 
of the culvert. The load is given by the projection- 
condition formula (2) slightly modified (see 5). 

5. Projection condition.—In this the culvert projects 
above the original surface alongside and is built on 
foundations which do not settle materially relative to 
the original surface alongside, on which the embank- 
ment is built, and the vertical height of the culvert is 
not shortened materially by the load. 

The load for the projection condition is given by the 
formula ® 

W= CoB oo se ee ee See ee (2) 
_ i, 

2Ku 2 LT 2K; He , ; 

rp os | +(B- Hee *" B = projection coefficient 
4 2 Ku B B 

Figure 6, from the second progress report, 1922, 
provides the means by which formulas (1) and (2) may 
be simply applied to calculations of loads on culverts. 

Figures 7 (Bul. 31), 8 (second progress report), and 9 
(1926 A. R. E. A. Proc.) show conclusively that for- 
mulas (1) and (2) are confirmed closely by actual cul- 
vert load measurements. 

The original tests reported by Dean Braune fall 
between formulas (1) and (2), except his trench-condi- 
tion clay fill, which checks closely with formula (2) to a 
height of 4 feet and with formula (1) above 4 feet. 

HEIGHT OF EQUAL SETTLEMENT MEASURED 

The mathematical derivation of formula (2) dem- 
onstrates the theoretical existence in the fill of a 

IMPERFECT 

DITCH CONDITION 

LOADS 

H B 

VALUES OF CONDITION 
a 

VALUES OF COEFFICIENT C 

I'ia. 6.—Comruration Diagram ror Loaps on CULVERTS 

§ See Second Progress Report on Culvert Investigations, lowa Engineering Experi- 
ment Station, April, 1922. 

LATED LOADS 
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WEIGHED LOADS 

HEIGHT OF FILL ABOVE TOP OF CULVERT — FEET 

H= 
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PRESSURE ON CULVERT- POUNDS PER LINEAR FOOT 

Fia. 7—Comparison oF CALCULATED LOADS ON PIPES WITH 
ActuaL Wericut or Loaps 

height of equal settlement, H., at which the materials 
over the pipe and those alongside settle equally. 
Unpublished data obtained by the Iowa Engineering 
Experiment Station in 1925-26, demonstrate by actual 
measurements the existence of such a height of equal 
settlement, approximately at the computed level. 
Many measurements reported in Bulletin 76, Iowa 

Engineering Experiment Station, 1926, show that for 36- 
inch concrete culvert pipe, the shortening of the vertical 
diameter under load up to the point of cracking is 
insignificant relative to the settlement of the founda- 
tion and materials alongside. The Farina experiments 
show that the same was true for 42-inch cast-iron pipe, 
the vertical diameter of which shortened only 0.3 
inch under 35 feet of fill, whereas the culvert settled 
3% inches into the foundation. 

This discussion has referred so far to loads on pipes 
due to filling materials only. R. W. Crum’s report on 
field examinations of culverts shows that the great 
majority of culverts are built under fills of 5 feet or 
less. In all such cases the load on the pipe due to 
the embankment is nearly equal to the actual weight 
of the materials directly over the pipe. But, in such 
shallow fills, important additional superloads ‘are 
transmitted to culverts as a result of the weight and 
impact of vehicles. : 
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HEIGHT OF FILL ABOVE TOP OF CULVERT — FEET 

H= 

PRESSURE ON CULVERT-POUNDS PER LINEAR FOOT 

Fia. 8—ComPparison oF ACTUAL AND THEORETICAL LOADS ON 
Pirk. THe MaAtTeriaAt oF THE Fint was SAND AND GRAVEL 
witH A WriGHT oF 126.5 Pounps Per Cusic Foor 

The Iowa Engineering Experiment Station will 
shortly publish a bulletin in cooperation with the 
Bureau of Public Roads giving the results of three 
years active experimentation with loads transmitted 
to culvert tops from static and moving superloads. 
These show that culverts should be designed to carry 
superloads equal to 

UES a £0 ANS ene ae el a A aie cy ed (3) 
Where W,;= total allowance for superload and impact 

[=impact coefficient = 1.50 to 2.00 
Le “Sertneee weight on one wheel 

3 

Ca Sto. HS 
8 

In the formula for C, @is one of the small uniform 
unit areas into which the top of the culvert must be 
divided for summation calculations. H is the vertical 
distance from top of culvert to the roadway as used 
before and H, is the slant height from center of unit 

area to point of application of superload to roadway. 
3 

The expression S Hs would if multipled by the super- 

load give the intensity of vertical pressure at the center 
of the small unit area corresponding to the value of H,. 
_In conclusion, it is desired to call the attention of 

highway engineers to the great differences in the actual 
supporting strength of culvert pipe which may be 
caused by variations in the bedding of the pipe during 
construction. The several conditions of bedding clas- 
sified and the effect of each upon the safe load are as 
follows: 
Impermissible bedding, in which the pipe is laid 

without bedding below the horizontal diameter, may 
weaken the culvert pipe 20 per cent or more. 

Ordinary bedding, refers to the case in which the 
bottom of the pipe is carefully bedded for 90 per cent 
of the circumference. 

First-class bedding, in which, in addition to ordinary 
bedding, the earth is very carefully deposited and 
tamped under and around the pipe, may increase the 
strength 25 per cent. 

And, finally, properly designed concrete cradle 
bedding, may double the supporting strength. A 
forthcoming bulletin of the Iowa Engineering Experi- 
ment Station, 1926 (the Bureau of Public Roads 
cooperating), gives the results of tests of such beddings 
with reinforced concrete pipe up to 84 inches in 
diameter. 
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) 5 10 15 20 25 30 35 40 45 
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Fic. 9.—APrrPpROXIMATE AVERAGE VERTICAL PRESSURES ON THE 
Tor oF Ricgip AND FLEXIBLE CULVERT PreEs CoRRESPONDING 
To Various Hriauts or Fint as SHOWN BY THE FARINA 
Tests (Buu. 284, Vou. 27. 1926, A. R. E. A.). 

(Continued from p. 221) 

Federal-aid payments for highway work have been up 
to this time very much less than the total amount 
collected through this tax since the tax has been in 
effect. The Federal-aid payments in 1925 amounted 
to $95,749,998, which is equivalent to about 7.7 per 
cent of the country’s total rural highway disburse- 
ments. If these figures are added to the funds derived 
from motor-vehicle revenues used for highway pur- 
poses, we arrive at an amount equivalent to 36.7 per 
cent of the total disbursements. Although a larger 
sum was collected in the form of license fees and 
gasoline taxes, the funds derived from these sources 

actually used for highway purposes were considerably 
less. Before any further attempts are made to with- 
draw a still larger part of the motor-vehicle receipts 
and use them for purposes other than for rural high- 
ways, a careful study should be made as to the extent 
to which highway expenditures in the various States 
are met through motor-vehicle contributions. <A part 
of these motor-vehicle revenues is also used for admin- 
istrative expenses. It behooves each State in that 
connection to see to it that such costs are kept at a 
minimum so that as large a share of the license fees 
and gasoline taxes as possible shall be devoted to the 
purpose for which they are intended. 



THE DOWNWARD KICK OF THE REAR WHEELS OF 
VEHICLES IN STARTING FROM REST TO MOTION 

By THOMAS K. A. HENDRICK, Highway Research Board, National Research Council 

When a vehicle, at rest on the highway, starts, what 
is the measure of the effect on the pavement of the 
changed condition of rest to motion? The configura- 
tion, mass, and acceleration of the vehicle, obviously, 
determine the answer. Doubtless the answer would 
be given qualitatively, for it is believed that no quan- 
titative measurements have ever been made. Quali- 
tatively one would say that the pavement does not suf- 
fer in the slightest. It is not known that any high- 
way specifications account for this specific force. But 
it is conceivable that the increase in the size and weight 
of motor trucks and the increasing number of quick- 
starting taxicabs, may make a quantitative answer 
desirable. 

Experiments have, therefore, been made by the 
writer, along lines suggested by Prof. C. J. Tilden, 
chairman of the department of engineering mechanics, 
Yale University, on a bicycle, 3 Buick cars, 3 motor 
trucks (5 to 13 tons gross weight), and 5 taxicabs. 
The measurements were made by means of Toledo scales 
whereon the increase of force can be read directly from 
the dial scale as the indicator advances. 

For the bicycle, the 550-pound scale, in the Sheffield 
laboratory of engineering mechanics, Yale University, 
was used. ‘Through the courtesy of the Connecticut 
State Highway Department, the 40,000-pound scales lo- 
cated at West Haven, Conn., were used for automobiles, 
trucks, and taxicabs. All measurements were made 
with the rear wheels only on the platform of the scales. 
When a vehicle is started from rest, according to 

D’Alembert’s principle of reversed effective forces, 
there is applied at the center of gravity of the mass 
accelerated, as a result of the inertia of the vehicle, a 
reversed effective force equal to the mass times the 
acceleration and opposite in direction to the direction 
of motion. This reversed effective force, when added 
to the system of external forces, produces an imaginary 
condition of static equilibrium in all the forces acting on 
the vehicle. For this condition the laws of static equi- 
librium, 2 H=0, 2 V=0, and 2 M=0, rigorously hold. 

Applying the principle of the summation of moments 
about the point of contact of the front wheel, as a point 
of moments, it is readily seen that the reversed effective 
force causes a downward thrust or downward “kick”’ 
on the rear wheels, and an uplift on the front wheels. 
This downward ‘‘kick’’ was registered in the experi- 
ments made on the dial of the scale by the rapid 
advance of the indicator. The difference in the reading 
before and during starting measures the downward 
“kick” in pounds. 

It is important to emphasize that this registration of 
the downward ‘‘kick”’ in pounds on the dial of the scale 
is independent of the acceleration and the location of 
the center of gravity in so far as it is not computed from 
these quantities. It is, in itself, a direct measurement 
of the downward “kick.” 

RESULTS OF EXPERIMENTS 

For each of the vehicles experimented with, 20 
readings were made except in the case of the bicycle 
for which 21 readings were made. Each reading 
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represents a separate, independent start, and the aver- 
age of the readings was taken as the ‘‘kick’”’ caused by 
each vehicle. The start was a normal start except in 
the case of the Buick 6-cylinder car. By ‘normal 
start’’ is meant that the vehicle was started as one 
would normally start on getting into a car on the 
highway and driving off. The drivers were experienced, 
their experience ranging from one to five years. The 
gasoline was controlled by foot accelerator except in 
the case of the Buick car, above mentioned, in which 
it was controlled by the throttle which was opened to 
the position necessary for a speed of 35 miles per hour 
on a level road. 

As a result of the tests, it is believed that it can be 
stated that the downward ‘‘kick”’ of the rear wheels 
of vehicles, in starting from rest, varies according to 
the type and classification of the vehicle from 4 to 23 
per cent of the load on the rear axle; and from 2 to 11.8 
per cent of the total load. 

SHOWING THE ScaLes Usep ror MB&ASURING THE DOWNWARD 
Kick or AUTOMOBILES AND Trucks. For NorMat STARTS 
THE AVERAGE DowNnwarp Kick oF THE 4-CYLINDER, 5-PAs- 
SENGER TOURING CAR SHOWN WAS 7.6 Par CENT oF THE LOAD 
ON THE REAR AXLE 

For light passenger vehicles, with about 1,700 pounds 
on the rear axle and 3,200 pounds total weight, the 
average downward “kick” is about 6.4 per cent of the 
ee on the rear axle or about 3.4 per cent of the total 
oad. 
For trucks with a total weight of 22,000 pounds 

13,000 pounds on the rear axle, the downward “kick” 
is about 5.3 per cent of the load on the rear axle or 3.2 
per cent of the total load. 

For taxicabs, with a total weight of 3,500 pounds, 
and a weight on the rear axle amounting to 1,900 
pounds, the downward “kick” is about 18.2 per cent 
of the latter or about 9.1 per cent of the total load. 

In some cases, depending upon the load and body 
characteristics of the vehicle, and the idiosyncrasies 
of the driver, the downward “‘kick”’ of the rear wheels 
of some passenger cars may easily be one-fourth of a 
ton and for heavy trucks it may easily be one-half a ton. 

a? 

> alo) HF yp wa. ig? > 

~a 

Maa we 

> ye 

hn eal 

ah ROO 

te SOP Pe Oder rd on 



MOTOR TRUCK IMPACT TESTS NOW IN PROGRESS 
A special series of field motor-truck impact tests, 

now being carried on by the Bureau of Public Roads, 
is expected to be completed within a few months. 
The objectives of these tests were determined from a 
study of the data secured during the original program 
which has been completed and reported on.! The work 
is in cooperation with the Society of Automotive 
Engineers and the Rubber Association of America. 

Based upon the findings of the original program, it 
is believed that motor-truck impact reactions are de- 
dendent on four major variables, namely, road rough- 
ness, tire equipment, wheel load, and vehicle speed. 
It is not believed that the effect of one variable should 
be considered without due regard for the other three. 
From the original program it was possible to plot lines 
of equal impact reaction for one road condition, four 
tire types, and various combinations of load and speed. 
The result was a series of isodynamic curves from which 
could be read the maximum total vertical reactions in 
thousands of pounds that might be reasonably expected 
to occur on that particular road for any combination 
of wheel load and truck speed. The data were segre- 
gated by tire types such as pneumatic, new cushion, 
new solid, and worn-out solid equipment; and the curves 
represented a range of wheel loads up to 20,000 pounds 
and speeds from 0 to 30 miles an hour. The tests were 
made on the Arlington test road which had been rough- 
ened by artificial obstructions. 

With this preliminary isogram as a basis, a pro- 
gram of tests was formulated, the field work of which is 
expected to be completed within afew months. A num- 
ber of highway sections have been selected as repre- 
sentative in type and roughness. These sections were 
marked off in one-twentieth mile lengths and points 
were spotted on the pavement with traffic white to 
guide the trucks over the test sections. The road 
sections were calibrated carefully at varying speeds by 
means of the “roughometer’’ described in the Septem- 
ber, 1926, number of Pustic Roaps. The roughness 
limits ranged from 100 to 800 units at a speed of 30 
miles per hour. 

Tire equipment was selected to represent the four 
types used in the preliminary investigation, namely, 
pneumatic, new cushion, new solid, and worn-out solid. 
The average deflections of the four types under a static 
load of 10,000 pounds were approximately 2.5 inches, 1 
inch, 0.7 inch, and 0.2 inch, respectively. The tires 
were mounted permanently on extra wheels in order 
that tire changes might be made rapidly and conven- 
iently by substituting wheels. 

At the beginning of the tests the rear-wheel loads 
were standardized at 2,500, 5,000, 7,500, and 10,000 

1See PUBLIC ROADS, vol. 7, No. 4. 

pounds. Two trucks were used, a 2-ton truck for the 
2,500 and 5,000 pound loads and a 5-ton truck for the 
other loads. The light load of each truck was accu- 
rately measured on platform scales and securely fas- 
tened in position. Then the heavier load was built up 
on each truck by adding 100-pound lead or iron weights. 
The positions of these extra weights were marked on the 
trucks so that the wheel loads might be duplicated 
readily. 

The trucks were operated at speeds varying by small 
increments from the minmum up to the maximum speed 
obtainable. The average speed of each run was com- 
puted from stop-watch observations and the known 
length of the test section. Variations in speed were 
observed from speedometers mounted on the trucks. 
Runs varying from the average speed by more than 
one-half mile per hour as registered by the speedometer 
were not recorded. 

A field-test program of this character made necessary 
a mobile organization and equipment. ‘To provide for 
this a field office and two loading and storage platforms 
were built on a 16-foot, 3-ton trailer chassis. On a 2-ton 
truck chassis a special platform body was constructed 
with a swinging chain hoist placed at the forward end. 
In addition to hauling the trailer this service truck was 
used to carry the spare wheels, gasoline, and general 
equipment necessary for the tests. 

The 2-ton and 5-ton test trucks were equipped with 
the coil-spring accelerometers developed by the bureau, 
which were mounted so as to follow the vertical motion 
of the right rear wheels. 

Municipal authorities in the District of Columbia and 
in Alexandria, Va., were interested cooperators in the 
tests made within their jurisdiction. Traffic officers 
were assigned to assist in the work, and they were 
extremely valuable in making it possible to conduct the 
tests on the streets with safety. No parking signs were 
placed temporarily at several points to facilitate the 
tests. 

The value sought in these tests for each combination 
of the four variables was the average of the five highest 
impacts occurring within the one-twentieth mile section. 
This represents the magnitude of the average impact 
which occurs at the rate of 100 per mile. Since the 
unsprung component of motor-truck impact is generally 
the important quantity, it was considered sufficient to 
compute this unsprung component and add to it the 
sprung component determined by static weighing in 
order to arrive at the total impact force. An attempt 
will also be made to express the absolute maximum in 
terms of the average of the five highest impacts. The 
indications at present are that useful and reasonably 
accurate results may be obtained. 
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State State 

Apportionment of Federal-aid funds for the fiscal year ending June 30, 1928 

| Amount Amount 

| AlaWannasee sates ee | $1, 547, 220 | New Hampshire------- | $365, 625 
| jAsivione so 5 eee eee | 1,056,994 | New Jersey. -.------- 934, 611 
|, Urkansas-— cost =e wee | 1, 277, 896 || New Mexico________-_- 1, 186, 763 

Gali orataa- snes: ae |. 82 A83 F487 oe any Ot eases ee er 3, 635, 217 
Colorad0seaeesaeaes | 193767520.) North « aria. eee Lalo DO 
Connecticut. 22-5222 .<! 472,685 || North Dakota_-__-__-__- 1, 194, 951 

Delawarese2.. eee | $65,°025) | Ohio cits vise eae ee 2, 762, 209 
Plotidal 2. eee es | 899, 451 || Oklahoma__________-- 1, 751, 891 
Georgia 2s. eee 1,979,209 | Orerons 3c see el 1, 182, 202 

ldgho soe eee 935, 193 || Pennsylvania__-__-__-_-_- 3, OOD hoo 
Allinneig:. °+ Set eae eee | 3, 154,429 | Rhode Jsland._ 2.2 - 365, 625 
Indians 4. eee 1, 926, 772 || South Carolina____-___- 1, 054, 988 
Jowahen 2242 eee 2, 044, 999 || South Dakota_______- 1, 220, 064 

bl KRanses eo eee 2 O68 5532. *} —lennessees a) aes aan 1, 614, 766 

| “Rentneky so 1 eee 1417; 947 494 exassum eee eee bad MOT wOgo 
LOUisiana a. ] = so ees 1, 043,.B08 7} bai been geek eles 846, 906 

I ML eine eet eee | 680, 794 | Vermont_. 2.02.2 22122 | 365, 625 
Maryland Secs ae 635,119. ‘Virginia. 2 ee 1, 442, 714 
Massachusetts________ 1,089, 100 || Washington_________-_| iWork Rosia 

Michioan See seeoe = 2, 214, 691 || West Virginia.____-__- 793, 636 
Minn ésota 222 ee 235120741 “iW ieGpniein eS -oe oe eee Weticee* Wo ir 8 oo Bsa) 

Mississippi_o=- 2-222 -L,B07; 8292) VV yoming See ee ee | 934, 369 
Miscouris = 5s esses 2,405,175 ii tolawan See eee, 365, 625 

Mon tine 2 7 ete 1, 551, 499 pete eo ee 

Nebrasica Sot oe oe 1, 585, 138 a) Ota bes ne eed 3, 125,000 

Deveda. . Stes eee 948, 510 | 
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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 
nor 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, wnder 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, 

ANNUAL REPORT 

Report of the Chief of the Bureau of Public Roads, 1924. 
Report of the Chief of the Bureau of Public Roads, 1925. 

DEPARTMENT BULLETINS 

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

*136D. Highway Bonds. 20c. 
220D. Road Models. a 
257D. Progress Report of Experiments in Dust Preventio 

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

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

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

Rock. 15c. 
386D. Public Road Mileage and Revenues in the Middle 

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

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

England States, 1914. 
390D. Public Road Mileage and Revenues in the United 

States, 1914. A Summary. 
407D. Progress Reports of Experiments in Dust Prevention 

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

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

in 1916, Including all Compression Tests. 5c. 
*583D. Reports on Experimental Convict Road Camp, Ful- 

ton County, Ga. 25c. 
*660D. Highway Cost Keeping. 10c. 
*670D. The Results of Physical Tests of Road-Building Rock 

in 1916 and 1917. 5c. 
*691D. Typical Specifications for Bituminous Road Mate- 

rials. 10c. 
*724D. Drainage Methods and Foundations for County 

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

_ Rock from 1916 to 1921, Inclusive. 10c. 
1259D. Standard Specifications for Steel Highway Bridges, 

adopted by the American Association of State 
Highway Officials and approved by the Sec- 
retary of Agriculture for use in connection with 
Federal-aid road work. 

1279D. Rural Highway Mileage, Income and Expenditures, 
1921 and 1922. 

DEPARTMENT CIRCULARS 

No. 94C. TNT as a Blasting Explosive. 
331C. Standard Specifications for Corrugated Metal Pipe 

Culverts. 

MISCELLANEOUS CIRCULARS 

. 60M. Federal Legislation Providing for Federal Aid in 
Highway Construction. 

62M. Standards Governing Plans, Specifications, Contract 
Forms, and Estimates for Federal Aid Highway 
Projects. 

FARMERS’ BULLETENS 

. *3838F. Macadam Roads. _ 5c. 
*505F. Benefits of Improved Roads. 5c. 

SEPARATE REPRINTS FROM THE YEARBOOK 

. *739Y. Federal Aid to Highways, 1917. 5c. 
*849Y. Roads. 5c. 
914Y. Highways and Highway Transportation. 

OFFICE OF PUBLIC ROADS BULLETIN 

. *45. Data for Use in Designing Culverts and Short-span 
Bridges. (1913.) 15c. 

OFFICE OF THE SECRETARY CIRCULARS 

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. 
=o (Pp Width of Wagon Tires Recommended for Loads of 

Varying Magnitude on Earth and Gravel Roads. 5c. 
73. Automobile Registrations, Licenses, and Revenues in 

the United States, 1916. 
161. Rules and Regulations of the Secretary of Agriculture 

for Carrying out the Federal Highway Act and 
Amendments Thereto. 

FROM THE JOURNAL OF AGRICULTURAL 
RESEARCH 

17, D- 2. Effect of Controllable Variables Upon 
the Penetration Test for Asphalts and 
Asphalt Cements. 

19, D- 3. Relation Between Properties of Hard- 
ness and Toughness of Road-Building 
Rock. 

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

Vol. 10, No. 5, D-12. Influence of Grading on the Value of 
Fine Aggregate Used in Portland Ce- 
ment Concrete Road Construction. 

10, D-15. Tests of a Large-Sized Reinforced-Con- 
crete Slab Subjected to Eccentric Con- 
centrated Loads. 

REPRINTS 

Vol. 5, No. 

V oliee5, No, 

Vol. 11, No. 

*Department supply exhausted. 
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