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TOLL ROADS 
A STUDY OF THE HISTORY AND PRESENT STATUS OF TOLL ROADS IN THE UNITED STATES AND OTHER 

COUNTRIES 

Reported by H. H. KELLY, Division of Highway Transport, United States Bureau of Public Roads 

nication has been fundamental in man’s economic 
thought. Imposition of direct tolls upon tray- 

elers as a means of paying for usage of the road, where- 
ever it has occurred, has been of comparatively short 
duration, and to-day exists in only a few places in the 
world. 

Highway tolls, levied for the purposes of constructing 
or maintaining roads, are not to be confused with 

7 ‘HE conception of roads as free means of commu- Temple Bar, London, for the reason that roads there 
had become impassable for want of other provisions 
for their maintenance (5). 

Three hundred years later, in 1663, the first English 
turnpike act was passed, giving a franchise to the 
“Great North Road to York and Scotland” and per- 
mitting collection of tolls as a means of providing funds 
for maintenance. Coincident with the industrial revo- 
lution, the need for improved means of communication 

customs duties or octrol 
taxes, which in all ages have 
been imposed upon goods 
transported for sale as a 
means of raising revenue or 
protecting domestic inter- 
ests. Neither are they to 
be confused with the fees 
exacted from travelers as 
payment for safe passage of 
themselves and their goods, 
a practice universal in Ku- 
rope in the Middle Ages 
and still to be found, for 
example, in the bandit-rid- 
den areas of interior China. 

EARLY HISTORY RECORDS FEW 

TOLL ROADS 

There is little evidence in 
antiquity of the use of the 
toll system upon roads. 
Probably the earliest record- 
ed instance of the collection 

SUMMARY OF ESSENTIAL FACTS AND CONCLUSIONS 

Public sentiment and policy, which traditionally regard 
the highway as a free means of communication, are gen- 
erally antagonistic to the toll-road principle. 

The total length of toll roads now existing in the world 
is negligible—in the United States perhaps 150 miles, as 
contrasted to 3,000,000 miles of public roads. 

Where public need for express highways is greatest, they 
are being built successfully without recourse to the toll 
method of financing, and the trend is toward increasing 
development of such free superroads built and operated at 
public expense. 

Present systems of taxation place the major burden of 
highway construction and maintenance upon the highway 
users almost as directly as by the toll method, and in a much 
more equitable and acceptable manner. 

Current proposals for toll roads in the United States 
generally appear to ignore the basic economic factors 
involved. The problem of toll roads is first and foremost, 
economic; and second, technical. The engineering diffi- 
culties are not insuperable; the economic difficulties, how- 
ever, have not yet been satisfactorily solved. 

Under present conditions, there would seem to be no 
justification for toll roads in any highly-developed country 
where a large mileage of public roads already exists; how- 
ever, in undeveloped regions of the world some basis might 
be found for employing the toll method as the first step in 

caused formation of nu- 
merous turnpikecompanies, 
state funds not being avail- 
able for road purposes. 
At the time of the death 
of the great road builder 
McAdam in 1836 English 
turnpikes had reached their 
maximum development, 
with 1,100 turnpike trusts 
operating 20,000 miles of 
road; he himself had con- 
tributed largely to thisresult 
by his services in improving 
road-construction methods. 
Shortly thereafter, the de- 
cline of turnpikes began 
with the advent of rail- 
roads. 

France at various times 
employed the toll system, 
the Government professing 
to devote the proceeds to 
the improvement of roads. 

of tolls was upon the great 
Persian military road lead- 
ing from Babylon to Syria, 
as reported by Strabo, the date being approximately 
2000 B. C. (1).!. Under Babylonian law, every city of 
that great commonwealth had its own customs, ferry 
dues, and highway and water rates, levied on all but 
its own citizens (2). Levying of tolls on caravans pass- 
ing through Palestine was part of King Solomon’s 
fiscal operations, which were based on the systems pre- 
vailing in neighboring States, especially Egypt (3). It 
is significant, however, that in all these early instances 
the tolls were imposed either for military purposes or as 
a means of taxing foreign travelers and goods. On the 
other hand, the Appian Way, most famous road of 
classical times (begun in 312 B. C.) and other Roman 
highways, built primarily for military purposes, appear 
to have been free for public use when this did not inter- 
fere with the business of Empire (4). 

The first actual record of a toll road or ‘“‘turnpike,”’ 
in the true meaning of the term,’ was in England in 
the year 1346, when King Edward III granted permis- 
sion for levying toll on all passing from St. Giles’s to 

1 References to the bibliography at the end of the article are indicated by italic 
numerals inclosed in parentheses. 

2 Webster’s dictionary supplies the following definition: ‘‘ Turnpike road.—A road 
that has, or had formerly, turnpikes, or tollgates, established by law to collect from 
users tolls to defray the cost of building, repairing, etc.’’ 

44808—31——1 

financing a trunk-line system of highways. The tolls gave rise, how- 
ever, to gross peculations 
and widespread abuse, bar- 

riers springing up on all the roads and bridges and at 
the gates of towns, which one could not pass without 
making payment. Napoleon I finally abolished the 
tolls about the year 1806 (6) (7). 

In the United States, the first toll road was built in 
Virginia in 1786 to carry the increasing traffic from 
Alexandria—which Washington had hoped to make one 
of the principal ports of the new republic—to north- 
western Virginia and the navigable streams flowing 
toward the west. It was known as the Little River 
Turnpike. Similar roads appeared in Connecticut in 
1792, Maryland in 1793, Tennessee in 1801 (through 
Cumberland Gap), North Carolina in 1804 (through 
the Cherokee lands). Necessity for expensive repairs 
on poor-surfaced roads which were subject to ever- 
increasing traffic and for tracing new routes westward, 
together with the lack of public funds, made inevitable 
the use of the toll system. 

An outstanding example of American turnpikes was 
the Philadelphia and Lancaster Turnpike Road, the 
first macadam road in the western hemisphere, built 
1792-94 at a cost of $465,000. It was 62 miles long, 
macadamized throughout with stones broken to pass 
through a 2-inch ring, and was guarded by nine toll- 

1 
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gates. It followed the location of the ‘King’s High- 
way,” a public road which had been constructed in 
1741. Rates of toll ranged from 1 to 13% cents per 
mile for each vehicle, depending upon the width of the 
tires and the number of horses used. This road 
enjoyed 25 years of prosperity, with annual dividends 
sometimes exceeding 15 per cent, and its success led to 
the formation of many similar enterprises. By 1811 
there were 137 chartered roads in the eastern United 

ROADS Vol. 12, No. 

the highway continued on westward to lose itself in 
the prairies of Hlinois. The first definite proposal for 
construction of this road came in 1806; it was opened 
to the public in 1818; and was reconstructed in 1832. 
Tolls were collected at certain points on this road as 
late as the opening of the present century. 

The peak of turnpike development occurred about 
1830, and the decline began soon afterward with the 
rapid extension of railroads and canals (4). 

Tott Roaps SERVED THE TRAFFIC OF AN HARLIER Day 

States, with a total of 4,500 miles under operation, 
saplitalized at $7,500,000 (8). 

GREATEST DEVELOPMENT IN EARLY NINETEENTH CENTURY 

In 1808, Albert Gallatin, Secretary of the Treasury 
of the United States, made a report on ‘Turnpikes, 
or Artificial Roads” in which it was stated that ‘‘great 
numbers” of such roads had been completed in eastern 
and southern States at costs varying from $1,000 to 
$14,000 per mile. Turnpikes were then in existence in 
Connecticut, Massachusetts, New York, ‘‘where in less 
than seven years 67 companies have been incorporated 
with nominal capital of near $5,000,000 for the purpose 
of making more than 3,000 miles of artificial road,” 
New Jersey, Pennsylvania, Maryland, and Virginia. 

The famous National Pike, the only highway of its 
kind ever wholly constructed by the Government of 
the United States, was a toll road, with commissioners 
named by the various States through which it passed 
to administer the toll collections. The main section 
of the road as laid out by the Federal Government was 
from Cumberland, Md. (from which the name of 
“Cumberland Road” often applied to it, was derived) 
to Wheeling, W. Va., via Uniontown, Pa., although 

MODERN TOLL ROADS ! 

Compared with the total mileage of roads in the 
world to-day, the extent of toll roads is infinitesimal. 
Even in Europe, where unusual postwar conditions 
might have been thought to justify the use of tolls at 
least temporarily, there are few toll roads. Despite 
such special circumstances as the poor condition of 
public highways following the war, lack of public funds 
for large reconstruction programs, the considerable 
volume of de luxe tourist traffic, and the large numbers 
of animal-drawn vehicles and bicycles which hamper 
the movement of motor cars on the public roads, 
serious consideration has been given the toll-road 
principle in only a single country. 

Italy —Foremost among modern toll roads are the 
autostrade of Italy, principally located in the northern 
part of the country. The first autostrade, connecting 
the city of Milan with the lake resorts of Como, Varese, 
Arona, and Bergamo and representing a total length 
of 85 miles, were begun in 1925 by a private company 

3 The assistance of the Bureau of Foreign and Domestic Commerce of the United 
States Department of Commerce in supplying data regarding modern toll roads, 
particularly those in foreign countries, is gratefully acknowledged. The American 
Automobile Association also supplied valuable information on toll roads in the United 
States. 
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at 50,000,000 lire (about $2,500,000). 
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known as the Societa Anonima Autostrade, capitalized 
The moving 

spirit behind the enterprise was the engineer Puricelli, 
head of one of Italy’s most important construction 
firms. These roads are now in year-round operation. 
As an example of the toll charged, the round-trip rate 
between Milan and Como (46 miles) for a medium- 
sized automobile is about $1.25, with seasonal tickets 
available at reduced rates. The roads are of modern 
construction, principally 4-lane width, built of concrete 
with bituminous surface treatment, without grade 
crossings or intersections, and without speed limit save 
for trucks. Only rubber-tired passenger cars and 
trucks and motor cycles with side cars are permitted 
upon them.. Other autostrade have since been built 
from Naples to Pompeii, from Florence to the coast, 
and in part from Milan to Turin. 

The Milan-to-Lakes autostrade cost $80,000 per 
mile. The method of financing was by constitution 
of special companies for each main section of the high- 
way and by issue of obligations guaranteed by the 
Italian Government, which in compensation for this 
service becomes owner of the highway after 50 years 
without making any disbursements (9). 

During the first year of operation, revenues were 
barely sufficient to meet carrying charges; the second 
year a 2 per cent dividend was declared, and modest 
dividend disbursements have been made annually eve1 
since. Recently, however, the improvement and ex- 
tension of the national highways have diverted much 
traffic from the toll roads. For example, the national 
road from Milan to Como, having been resurfaced, is 
now more popular with motorists than the autostrada. 
This fact, together with the general business depres- 
sion, which has reduced both local and tourist traffic, 
has given rise to general doubts that these toll roads 
will ever prove the lucrative venture which they were 
originally hoped to be. 

Germany.—The only toll road in Germany is the 
Avusbahn, 12% miles long in a closed circuit, between 
Berlin and Charlottenburg. It was built in 1921, 
chiefly for test or racing purposes. The round-trip 
toll is 50 cents. For several years, a proposal to build 
a series of toll roads—Hamburg-Basel, Stettin-Berlin- 
Munich, Dusseldorf-Cologne—has been given occa- 
sional publicity, but no definite action has yet been 
taken (10). 
England—During discussion of the road bill in 

Parliament in 1929, the fact was brought out that there 
were 55 toll roads in England and Wales at that time, 
all of a local character, and for the most part under 1 
mile in length. Passage of this bill, which is now 
known as the road traffic act of 1930, permits of the 
compulsory transfer of such roads from their private 
owners to the public authorities, if necessary (11) (12). 

Switzerland.—Tolls were charged in former years on 
a number of mountain roads where construction costs 
were very high, but these were abolished by law 
throughout the Swiss Confederation in 1928. 

Austria.—Construction work was begun in 1930 
upon a 30-mile road across the Grossglockner range, 
between Ferleiten and Heiligenblut, to cost about 
$1,750,000 and to be completed in three years. It will 
be one of the highest roads in Europe, with a maximum 
elevation of 8,200 feet. Present plans are to operate 
it as a toll road, charging about $3.50 per automobile. 

In other countries of Europe, there doubtless are 
roads of local interest upon which tolls are charged, 

but accurate information on this point is lacking. In 
no case, however, are tolls charged upon a traffic artery 
of national importance. (Indicated by reports to In- 
ternational Road Congress.) In one or two countries 
there is agitation for express highways; in France, for 
example, a Compagnie des Auto-Routes has been 
formed to push a project for an express route from 
Paris to Lille and Calais, cost of which is estimated at 
1,400,000 franes per kilometer (close to $90,000 per 
mile). Public sentiment, however, appears to be un- 
enthusiastic about the creation of toll roads and to 
prefer the Government itself to build any superhigh- 
ways of this kind. 

THe Fork At LAINATE, ON THE Mitan-LAakes AUTOSTRADE 
° 

Peru.—A toll road is under operation between Huaral 
and Huacho, primarily as means of access to a pleasure 
resort; and another 25 miles long, between Lima and An- 
con, is partially completed. Concessions for highway con- 
struction granted under the recently deposed Leguia ré- 
gime have largely been canceled by the new Government. 
Brazil—A 25-year concession was granted in 1929 

for construction of an automobile toll road from Sao 
Paulo to Santos, to cost $5,000,000. At the end of 25 
years, the road is to revert to the State without cost, 
and at any earlier date may be taken over by the State 
upon payment of cost plus 15 per cent (13). There are 
reported to be a number of local roads operated else- 
where in Brazil under the toll system. 

Argentina.—The Government at the end of 1930 
called for bids upon a project which, if it materializes, 
will be the largest toll-road enterprise ever undertaken. 
Two highways are proposed, one northwest from Buenos 
Aires to Rosario and Cordoba, and the other southwest 
from Buenos Aires to Azul and Bahia Blanca. The 
combined length of the two projects is about 800 miles. 
These toll roads must parallel free roads, but the latter 
are of low type and not passable at all seasons of the 
year. The period during which tolls may be imposed 
must not exceed 15 years, at the end of which time the 
highways will become the exclusive property of the Ar- 
gentine nation. As protection for the constructing and 
operating company, if net receipts are not sufficient to 
cover interest and amortization on the capital invest- 
ment, the Argentine Government will grant the com- 
pany a subsidy sufficient to make up the difference; if 
net receipts are greater than the interest and amortiza- 
tion charges, how ever, the surplus must be given to the 
Government. The chief uncertainties in the project 
appear to lie in the legal technicality that the present 
Argentine Government is ‘‘provisional,”’ and its power 
to enter into an agreement of this kind and support it 
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with adequate guarantees is questioned, and in the 
fact that the national constitution seems to insure the 
freedom of all highways. 

FEW TOLL ROADS REMAINING IN UNITED STATES 

Hardly more than a score of toll roads are known to 
exist in the United States to-day, all of them being pri- 
vately owned. Only one of them can be said to attract 
traffic by the special facilities it offers, while the others 
are of a scenic character, of interest almost exclusively 
to tourists and sightseers. The total length of all these 
United States toll roads is estimated at less than 150 
miles, as contrasted to the 3,000,000 miles of the public 
road system. An official inquiry to the highway de- 
partments of all the States of the Union early in 1931 
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revealed that there are no toll roads of any character in 
35 States. The following paragraphs describe briefly 
the few toll roads now in operation in the other States. 
Arizona.—The San Francisco Mountain Boulevard 

is a toll road extending from the vicinity of Flagstaff 
to the summit of San Francisco Mountain nearby. 
The toll charge is $1 per automobile. 

California.—Six toll roads, on only one of which there 
may be said to be arterial traffic, exist in California. 
They are as follows: Darwin, easterly to Death Valley, 
toll charge $2; Mount Diablo, toll charge $1.25; 
Tamalpais Mountain, toll charge $1; Sears Point Road, 
which has some value as a traffic artery although there 
is an alternate free road through Napa which is only 
a few miles longer; Mount Wilson, and Seventeen-Mile 
Drive. 
Colorado.—- The Pikes Peak Auto Highway leads to 

the 14,000-foot summit of Pikes Peak, Colo. It was 
constructed in 1915 by E. A. Sunderlin, of Colorado 
Springs. The company owning this highway has 
offered to convey it to the United States Government 
at the end of 1935, and the offer has been accepted 
(14) (16). 
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Florida.—Tolls are collected on the Beach Road be- 
tween St. Augustine and Daytona, a thoroughfare used 
principally for its scenic value. 
New Hampshire-—The Mount Washington Summit 

Road, 8 miles long, extends from the Glen House at an 
elevation of 1,543 feet to the summit of Mount Wash- 
ington, elevation 6,293 feet. The franchise to this 
company was granted by the legislature in 1859 and 
the road is still operated under this original franchise. 
New Jersey.—Tolls are collected on a road between 

Ocean City and Longport, this road forming an ap- 
proach to a toll bridge, and connecting with two 
public roads. 
New York.—The best-known toll road in the United 

States is the Long Island Motor Parkway, a privately 
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owned highway handling automobile traffic of a re- 
stricted character; that is, pleasure cars to the exclusion 
of trucks and other commercial traffic. It is about 45 
miles long and extends from the congested metropolitan 
district adjacent to Flushing, Long Island, to Lake 
Ronkonkoma in the center of the Island. Construction 
of the road was commenced in 1908 and most of it was 
completed by 1910, although short stretches have been 
added from time to time since that year. The right of 
way for it, from 50 to 100 feet in width, was acquired 
by purchase or lease, the company that built it having 
no power of condemnation. As now constructed the 
actual roadway has a width of from 16 to 22 feet, sur- 
faced with concrete or bituminous macadam; it has 
many curves, and although for a considerable distance 
from its westerly end intersecting highways are crossed 
by bridge or underpass, toward its easterly end there 
are several highway crossings at grade. 

The company which built this road, and which still 
operates it, was organized by a group of automobile 
enthusiasts in the early days of motoring. Capital 
stock was issued to subscribers who paid more than 
$800,000 for it, and while the stock was never listed on 
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any exchange it had a fairly wide distribution; later, to 
complete construction, there was an issue of mortgage 
bonds to the amount of $1,000,000, and all of these 
bonds, together with more than three-fourths of the 
outstanding stock, are now owned by one man who was 
active in the original enterprise. The company has 
never paid a dividend and its bonds have long been in 
default as to terest payments, although for several 
years its receipts have exceeded actual operating ex- 
penses. Including with original cost the interest on 
borrowed money accrued and unpaid, this parkway 
to-day represents an investment estimated at between 
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Long Island Motor Parkway (Inc.) responsible for any injury 
to his person or for any loss or damage to his property while on 
said premises, whether caused by the negligence of said Long 
Island Motor Parkway (Ince.), or by the negligence or willful 
acts of its agents or employees, whether such willful acts be 
done within the scope of their employment or otherwise. 

Seconp. The license granted by this ticket will be so exercised 
as not to interfere in any way with the exercise of a similar 
license granted to others. 

Turrp. Each person entering upon the premises of the Long 
Island Motor Parkway (Inc.), by virtue of this ticket will obey 
and conform to all State, county, and local laws and regulations 
relating to automobiles or their operation and all rules and regu- 
lations for the use and operation of the motor parkway and will 
at all times while on said premises exercise all possible care and 

cot 

Main ToLuGATE ON THE Lone IsLtAnND Motor Parkway, Loncrst Toit Roap IN THE UNITED StaTEs 

$6,000,000 and $7,000,000. The rate of toll is $1 for 
a single l-way trip. Statistics on the traffic passing 
over the road have never been made public, for reasons 
of company policy,.but the volume is said to vary 
between wide extremes in summer and winter. 

This parkway has not been a financial success. Its 
operation is continued chiefly because of the personal 
interest of the owner of the bonds and stock above 
mentioned and his hope eventually to justify in some 
measure the investment made in it. 

The ‘‘Conditions” printed on the back of each 
ticket of the Long Island Motor Parkway are of 
documentary interest. 

CoNnpDi1TIONS 

Every person exercising the license granted by this ticket 
consents and agrees in consideration of the granting thereof, to 
the following conditions: 

First. Each person entering upon the premises of the Long 
Island Motor Parkway (Inc.) by virtue of this ticket thereby 
assumes all risks of injury, damage, and loss to himself or his 
property while on said premises and will in no event hold the 

prudence, to avoid exposure of himself and others to risk of 
damage, injury, or loss and will keep to the right of each white 
line along the center of the parkway and generally keep to the 
right of said center whether or not so marked. 

FourtuH. Automobiles when stopping must clear pavement 
with all wheels. Automobiles shall not be stopped or parked 
on top of or under bridges or on approaches to bridges or on 
curves. 

Firtu. Picnic parties shall keep the parkway and adjoining 
land as clean as they find it by disposing of their waste paper 
and refuse before leaving. No fire shall be made jin the wooded 
sections. No parking west of Huntington Lodge, except in 
parking enclosures designated by signs. 

SixtH. The following speed limits shall be observed: Forty 
miles per hour west of large warning sign at Wyandanch; 30 
miles per hour east of said sign. Except, however, that speed 
shall be reduced as required for safety, on curves and wherever 
necessitated by traffic conditions, and except that the speed 
limit shall be 10 miles per hour at each grade crossing of a public 
road and the traffic on such public road shall be given the right 
of way. 

Seventu. The police maintained by the Parkway Co. shall 
have entire charge of the traffic on the motor parkway and the 
movement of cars thereon shall be subject to their direction. 
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Eicuru. The company reserves the right to take up this 

ticket at any time. 

The Bear Mountain Bridge Road, privately owned, 
which is the eastern approach to the bridge from 
Peekskill, N. Y., might be termed a “ toll road,” since the 
toll-gate for the bridge is located upon it. 

North Carolina—Mount Mitchell Toll Road leads 
to the summit of Mount Mitchell, near Asheville, 
N.C. It was established in 1920 on the location of an 
old lumber railway. It is 18% miles long, and wide 
enough for only one-way traffic. The toll rate is $1 
for adults and 50 cents for children. 

South Carolina.—A toll road about 12 miles long 
leads from Charleston to Folly Beach, a seaside resort 
of Charleston County. 

Texas —Two toll roads are in operation in the region 
of Medina Lake in southern Texas, carrying recrea- 
tional traffic from the public roads to the lake. The 
first was opened in 1917 by the Medina Lake Toll Road 
Co.; its length is 7 miles, its surface is oiled gravel, 
and it cost $66,000. The toll rate is 50 cents each way 
for passenger cars, and $1 per ton each way for trucks. 
The second road was opened in 1927 by the Medina 
Highland Toll Road Co.; its length is 9 miles, its sur- 
face is gravel and graded earth, and it cost $75,000. 
The toll rate is the same as on the first road. Volume of 
traffic on both roads averages from 20 to 30 cars per day. 

Utah.—Fees are charged for the issuance of auto- 
mobile and motor-cycle permits on a road traversing 
the southeast corner of Zion National Park, the charge 
per automobile being $1. Residents of the counties 
adjoining the park are exempt from payment of this 
fee when in pursuit of their usual business. 

Vermont.—The Mount Mansfield Toll Road, approxi- 
mately 3% miles long, permits tourists to visit the 
summit of the mountain. 

Virginia —One of the few relics of the numerous toll 
roads of a century ago is the Great Falls Toll Road, 
leading to Great Falls, Va., near Washington, D. C. 
Its traffic is now limited principally to tourists, pic- 
nickers, and others wishing to visit the falls of the 
Potomac River, where there is a small pleasure resort. 
The toll rate is 25 cents per car. 

An example of a toll road recently taken over by 
public authorities is the Conners Highway, a 51-mile 
road from West Palm Beach to the northern shore of 
Lake Okeechobee, Fla. Originally built and financed 
by W. J. Conners, of Buffalo, its outstanding obliga- 
tions were assumed by the County of Palm Beach and 
it was freed from tolls in 1930. It is to be incorporated 
in the State highway system. 

During the last five years, the public press has re- 
ported numerous suggestions for the construction of toll 
superhighways, but none of these has ever been actually 
undertaken. Among the specific locations mentioned 
have been the following: From One hundred and thirty- 
eighth Street in New York City to the village of Peeks- 
kill (elevated structure) ; from the New Jersey side of the 
Holland tunnel along the Atlantic coast to Atlantic City 
(semielevated); Atlantic City to Philadelphia; Detroit 
to Pontiac (elevated); San Francisco to Los Angeles; 
the Merced River Valley in California; Wilson River in 
Oregon; Buffalo to Niagara Falls; Milwaukee, Wis., to 
Gary, Ind.; New York to Boston. For most of these, 
no definite projects have been advanced, and public 
sentiment as reflected by the press has shown itself un- 
friendly to the toll feature of these suggested highways. 

Probably the most ambitious of all toll-road plans 
advanced in this country is that of the Union Highways 
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Association for a nation-wide express motorways sys- 
tem. This association was incorporated in 1925, with 
headquarters in New York City, to encourage formation 
of ‘‘an express motorways system which eventually will 
spread over the United States, Canada, and Mexico, 
and link up all of the nations of this hemisphere.” It 
proposed to form 42 individual motorways corporations 
as members of the Union Highways Association, each 
of which would build and operate a separate section of 
highway under the toll plan until its cost was entirely 
paid off, when it would revert to the State. The 42 high- 
ways involved would include one transcontinental route 
from east to west, two routes roughly paralleling the At- 
lantic and Pacific coasts, and a compact network of roads 
between the Middle-Atlantic and Middle-Western States. 

To promote the first of these 42 suggested highways,‘ 
the New York and New England Motorways Corpora- 
tion was incorporated under the laws of the State of 
New York. The scope of this first motorways project is 
indicated by the fact that the corporation estimates that 
the cost of the 65-mile section between The Bronx (New 
York City) and New Haven, Conn., will be $200,000,000. 

These toll projects are not to be confused with the 
activities of various organizations whose purpose is to 
encourage the building of publicly-owned express 
highways. An example of such organizations is the 
National Highway Association, incorporated in 1912, 
the aim of which is the construction of 50,000 miles of 
national highways ‘“‘to be built and forever maintained 
by the United States Government.’’ With somewhat the 
same ultimate object in view, a joint resolution known as 
the Phipps-Robsion resolution was introduced in Con- 
gress in 1929, “creating a commission to study pro- 
posals for a national system of express motorways.” As 
attested by documents supporting the resolution and by 
the statements of the authors of the resolution, only 
publicly owned highways were under consideration, and 
the use. of tolls as a means of financing was not men- 
tioned. This resolution was passed promptly by the 
Senate, but is still awaiting action by the House of Rep- . 
resentatives. In 1929, a bill was introduced in the Sen- 
ate (S. 309) providing for the construction of a post road 
and military highway from the Atlantic to the Pacific 
coasts, to be known as the Central Highway, in which 
the interesting provision was made that portions of the 
right-of-way could be leased to provide additional funds. 

DEDUCTIONS FROM THE FACTS 

From the evidence of past experience, certain con- 
clusions may be deduced: 

1. Reasons for the establishment of toll roads in the 
past have been: Nonexistence or inadequacy of free 
public roads, lack of State funds for construction of free 
roads to meet the public demand, and necessity of raising 
emergency revenue for the State treasury. Only the 
first two of these reasons appear applicable to modern 
conditions; and they are usually cited as the basis for cur- 
rent agitation for toll motorways in the United States. 

2. Conditions under which toll roads have been 
successful are: Economically strategic location, assured 
volume of traffic, reasonable rate of toll, and absence of 
competition by free roads or other cheaper means of 
communication. Lack of any one of these basic condi- 
tions has been sufficient to make toll roads unsuccessful. 
Thus, even at the peak of toll-road development in the 
United States and Great Britain during the early part 
of the nineteenth century, numerous toll roads failed 
because of their poor location and consequently 
‘The information given here and in subsequent pages regarding this proposed 

motorway was obtained from literature issued by the promoters. 
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insufficient traffic. Moreover, the most successful toll 
roads (e. g., the Philadelphia-Lancaster turnpike) 
went into rapid decline as soon as competition by 
railroad and canal appeared. And the Italian auto- 
strade, largest and most recent of such enterprises, 
appear to “have already entered upon a period of 
diminishing returns because the improvement of free 
public roads serving the same territory has impaired 
their monopolistic character. 

3. The possible advantages of toll roads may be sum- 
marized as: The relief of existing congestion on roads 
by early accomplishment of large highw ay improve- 
ments which the State in its normal program might not 
be able to undertake until considerably later; placing 
the burden of cost of the road directly upon its users, 
thus insuring that both foreign and local traffic pay an 

A New Jersey TouuGate In 1911 

equitable share in the facilities which they enjoy; and 
potential savings in time and cost of vehicle operation, 
as well as reduction of accidents. 

4. The disadvantages of toll roads are: Antagonistic 
public opinion, which traditionally regards the roads as 
free means of communication; additional expense of 
financing immediate huge expenditures; additional ex- 
pense of collecting tolls (a ‘‘nonproductive’’ activity 
which in the case of toll bridges has been estimated to 
absorb from 15 to 27 per cent of the total amount of 
tolls collected); impossibility of giving monopolistic 
guarantees, since paralleling free roads must be main- 
tained for use by the general public, and consequent 
uncertainty of traffic volume; finally, that inherent 
dilemma in enterprises of this kind which presents on 
the one hand the necessity of building at heavy expense 
a superhighway capable of attracting large volumes of 
traffic from the free thoroughfares, and on the other 
hand the prime requirement of a low toll rate. 

The above considerations apply to toll roads con- 
structed and operated by public authorities. They are 
also applicable in all respects to toll roads promoted by 
private capital, but with such grave additional disad- 
vantages in the latter case as intensified unfriendliness 
on the part of public opinion, materially higher costs 
in financing and possibly in construction and operation 
as well, and risk of loss to investors. 

THREE SPECIFIC CASES STUDIED 

In the light of these basic considerations, three out- 
standing examples of the toll-road principle—two of 
them in operation, one contemplated—may be briefly 
analyzed. 

1. The Italian autostrade were built by private enter- 
prise, but with the guarantee and support of the Govern- 

ment, at a time when public roads had been practically 
ruined by the war. They, therefore, enjoyed virtual 
monopoly, as well as a strategic location and a good 
volume of traffic; the power of the Fascist Government 
insured them a friendly public opinion, and they be- 
came an object of national pride. The ap- 
proximately 2/4 cents per mile—did not prove a deter- 
rent to traffic in a country where there is heavy tourist 
travel and where ownership of automobiles is still 
largely confined to the wealthier classes. Despite 
these exceptionally favorable factors, the financial suc- 
cess of the autostrade has been much less than origi- 
nally anticipated, and their future as business ven- 
tures facing the competition of improved free roads is 
problematical. 

2. The Long Island motor speedway was built by 
private enterprise, largely on the initiative of a single 
individual whose prestige and personal interest are still 
regirded as chiefly responsible for its continued exist- 
ence. Its construction almost a quarter of a century 
ago was favored by conditions which could not be 
duplicated to-day: Comparatively low property values 
along the right of way, lack of good public roads, and 
accessibility to the first large automobile market in the 
country, New York City. The toll rate—about 2% 
cents per mile—is no deterrent to its de luxe traffic. 

TOLLGATE STILL IN EXISTENCE ON THE GREAT FALLS TOLL 
Roab, VIRGINIA 

The character of this traffic, and that of the wealthy 
and highly-developed region it traverses, have given 
it a practical monopoly little affected by the improve- 
ment of free public roads nearby. Nevertheless, its 
operation has not proved profitable. 

3. The New York and New England express motor- 
way has not been built. Its first section would es 
from The Bronx, New York City, to New Haven, 
Conn., a distance of 65 miles. Purchase of the right 
of way alone for these 65 miles, paralleling in large 
part the line of the New York, New Haven & Hartford 
Railroad, would cost approximately $69,000,000, and 
the entire cost of building this 65- mile highway is 
estimated at $200,000,000. This tremendous cost is 
explained by the proposed specifications of the road- 
way: Right of way 200 feet wide in rural districts, 
120 feet in towns; four separate tracks for traffic, eac h 
25 feet wide, sur faced with concrete or other high- -type 
material; the two inner (no speed limit) tracks divided 
by a 5- foot gravel space and a fence; the outer tracks 
divided from the inner tracks by 20- foot gravel spaces; 
all crossings of railroads or public roads to y be by under- 
pass or overpass; all crossings through towns or cities 
to be on elevated str uctures, carried “wherever possible 
on the tops of specially constructed buildings one to 
four stories high; all approaches and exits to be by 
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a highway could ramps. It is estimated that such a_ 
distance between rarry 200,000 cars over the entire 

the Bronx and New Haven in a period of 24 hours 

without congestion or delay. 
As originally proposed, the speedway was to be 

built by a private corporation with recapture clauses 

permitting each State through which it passed to take 

possession of that portion of the motorway lying 
The motor- within its borders, whenever desirable. 

ways corporation was to 
be capitalized at probably 
$20,000,000, which would 
be raised by sale of stock 
to concessionaires of a bus 
line, servicing and fueling 
enterprises, and contractors 
and suppliers of materials. 
The remaining $180,000,000 
would be raised by the sale 
of debenture bonds, partici- 
pating in the net earnings 
of the motorways corpora- 
tion equally with the stock. 
Ten per cent of the total 
cost, or $20,000,000, was to 
be set aside as financing ex- 
pense. The promoters esti- 
mated that the net earnings 
of the motorway would be 
over $20,000,000 per annum, 

a return of between 8 and 
12 per cent on the stocks 
and bonds, permitting the 
motorway to earn its entire 
cost within a 10-year period. 

As these are estimated as 
the net earnings the gross 
receipts would necessarily 
have to be considerably 
larger. For a rough deter- 
mination of the feasibility 
of the project, however, 
the same amount may be 
assumed to represent the 
gross receipts. 

The following figures show 
the volume of traffic that 
would be required to pro- 
duce a gross income of $20,- 
000,000 per year which is 
equivalent to $308,000 per 
mile per year, or $844 per 
mile per day: 

Ad lecent permile toll 2 =, ease eee 
At 2 cents per mile toll 
AG 3 cents per mile: tolls 
At 4 cents per mile toll__- 
At 5 cents per mile toll 
At 6 cents per mile toll 
At 7 cents per mile toll 
At 8 cents per mile toll 
At 9 cents per mile toll 

or 
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i with one horse 

bbe 

Ever 

the same 

oxen «tf 

eiwhi inches in 
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84,400 vehicles per day 
42,200 vehicles per day 
28,133 vehicles per day 
21,100 vehicles per day 
16,880 vehicles per day 
14,067 vehicles per day 

. 12,057 vehicles per day 
10,550 vehicles per day 
9,378 vehicles per day 

An average of 84,400 vehicles per day over the 
entire distance of 65 miles, at 1 cent per mile toll, is 
beyond the realm of possibility for many years to come, 
and this minimum rate may therefore be regarded as 
entirely impractical. Probably the heaviest volumes 
of traffic im America to-day occur at the Holland : ; 
Tunnel under the Hudson River at New York, and at 
the Delaware River Bridge at Philadelphia. The 
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daily averages of vehicles passing these two structures 

during 1930 were respectively 32,930 and 33,660. The 

2 cent and 3 cent rates, which roughly correspond to 

the present rates on the Italian autostrade and the 

Long Island Motor Parkway, may also be discarded as 

entailing too high a volume of traffic to meet expenses. 
A partial measure of the actual current traffic 

between New York and New Haven is afforded by 

traffic counts made in 1930 at Milford, Conn., on the 
Boston Post Road, a modern 
4-lane highway connecting 
the two cities, which show 
an average of 18,500 vehicles 
per day passing that point 
(annual average). (From T. 
R. Age’s report to Highway 
Research Council in Decem- 
ber, 1930.) Assuming that 
all this traffic is through 
traffic between the two cities, 
and that the motorways 
would secure one-half of it, 
or 9,250 vehicles per day— 
both of which assumptions 
are entirely unwarranted, 
considering the large volume 
of local short-distance traffic 
and the excellence of the 
free Boston Post Road—the 

4 toll rate on the motorways 
@ would necessarily be at least 

9 cents per mile, or $5.85 for 
#  ~_— the entire distance. 
§ In this connection, it is 
4 noteworthy that where pub- 

lic demand for express high- 
ways has been greatest, such 
highways have actually been 
built or are being built by 
public funds without recourse 
to the toll method of financ- 
ing. Some of these high- 
ways would meet the most 

‘difficult requirements of the 
proponents of toll-supported 
superhighways. To cite only 
a single example, the Hutch- 
inson River Parkway in 
Westchester County, N. Y., 
north of New York City, is a 
thoroughfare 14 miles long, 
without a single grade cross- 
ing, landscaped throughout 

in an elaborate and imposing manner. ‘The Westchester 
County Park Commission which built this road also has 
under way a Pelham-Port Chester Parkway, for which 
the right of way has been purchased by county funds at a 
cost of $4,410,000. This public superhighway will have 
two separate roadways, each 44 feet wide (4-lane) 
and although it passes through a built-up area, it 
will be entirely free of grade crossings. Such projects 
clearly indicate the future progress of public highway 
development in regions where traffic is heaviest (16). 
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CONDITIONS FAVORABLE TO TOLL ROADS FOUND IN SOME 
REGIONS 

The question naturally arises, ‘‘Are there any locali- 
. . i . 

ties where present-day conditions might favor the 
creation of toll roads?” 



March, 1931 PUBLIC ROADS 9 

In view of the essentials previously outlined for 
theoretical success of a toll-road project—economically 
strategic location, assured volume of traffic, reasonable 
rate of toll, and absence of competition—it is at once 
apparent that opportunities for successful toll roads in 
any such highly developed areas as the United States 
and western Europe are lacking, since nowhere could 
these basic desiderata be guaranteed. 

In less developed regions of the world, where the 
need for improved roads is a vital one, and yet where 
public funds are not sufficient to finance extensive trunk- 
highway development, there are perhaps localities where 
the toll road would be both feasible and profitable. 

The Argentine project, previously mentioned, to 
connect Buenos Aires with important cities several 
hundred miles distant, is a case in point. Although 
Argentina has the highest total automobile registration 
of any country in Latin America, and the highest per 
capita registration of any country in the Western 
Hemisphere outside of the United States and Canada, 
it possesses to-day less than 500 miles of hard-surfaced 
roads. ‘There are now 365,000 automotive vehicles in 
Argentina, of which 35 per cent are concentrated in 
the municipality of Buenos Aires, with other large 
proportions in the districts of Cordoba and Bahia 
Blanca which the proposed toll road would serve. 
Here, then, is an assured volume of traffic and a strate- 
gic location; practical absence of competition is indi- 
cated by the low state of the free roads, which are 
passable only part of the year. With a conservative 
type of construction, and a reasonable rate of toll, the 
success of such a project is possible. 

Similar possibilities might be found in other coun- 
tries where the demand for improved roads already 
exists, and where the need for a start to be made on a 
national highway system is urgent. In such localities 
the toll road might prove worthy of serious consideration 
as the initial step in a highway program. 

PUBLIC OPINION GENERALLY HOSTILE TO TOLL ROADS 

In the final analysis, the toll road must answer for 
itself at the bar of public opinion. As one commenta- 
tor put it, in reviewing the early development of turn- 
pikes, ‘The capital supplying the turnpikes . . . was 
in fact, subjected to two risks: First, the ordinary 
business risk; and secondly, a risk incidental to the fear 
of arbitrary interference by a public whose precon- 
ceptions were of an unfriendly nature.” (Krederic J. 
Whiting, in preface to Wood’s “Turnpikes of New 
England.”’) That double risk still exists. 

Motor vehicle manufacturers have a predominant 
interest in highway development. Their complete 
opposition to the toll-road principle was expressed in an 
official resolution adopted by the National Automobile 
Chamber of Commerce, which numbers among its 
members practically all of the passenger car and truck 
manufacturers of America, under date of February 1, 
1928: 

Whereas, the free use of the public highway is a fundamental 
principle of Government; and 

Whereas motor vehicle owners of the United States through 
special taxes are to-day largely meeting the costs of the construc- 
tion of these highways; and ; 

Whereas so-called express highways are simply a step in the 
further improvement of our public highway system which will 
be found necessary in those localities where traffic is heavy and 
congestion great: Therefore, be it 

44809—31——_2 

Resolved, That the National Automobile Chamber of Com- 
merce opposes any effort to place control of any part of the public - 
highways in the hands of private promoters; and be it further 

Resolved, That the National Automobile Chamber of Com- 
merce emphatically supports the principle that the public high- 
ways shall be kept forever free to the general public (17). 

The public will, as expressed in laws of Congress, has 
shown itself to be opposed to the toll-road principle. 
Under the Federal-aid road act of 1916, Federal aid for 
toll roads is prohibited, and all highways constructed 
or reconstructed under provisions of that act ‘‘shall be 
free from tolls of all kinds.” In 1927, it is true, 
Congress passed an act permitting use of Federal aid 
funds on construction of toll bridges and approaches 
“providing that such bridge is owned and operated by 
the State or a political subdivision thereof, and tolls 
are used to repay the State and permit the freeing of 
the bridge.” A sharp distinction was thus drawn 
between publicly owned and privately owned struc- 
tures. To-day the only roads in the Federal-aid 
system still excluded by law from the benefits of 
Federal aid are those approaching a ferry or bridge 
built by private individuals or private companies (17). 

A ToOLLHOUSE IN VERMONT, PHOTOGRAPHED IN 1912 

From the international point of view, a significant 
change in the public attitude toward toll roads is evi- 
denced in the proceedings of the Permanent Interna- 
tional Association of Road Congresses. This associa- 
tion, headquarters of which are in Paris, is officially 
supported by more than 60 nations, and includes among 
its members leading engineers, traffic specialists, and 
government authorities from all parts of the world. 
At its fifth congress, held in 1926 in Milan, Italy, where 
the first autostrada had just been completed, the asso- 
ciation passed resolutions encouraging the construction 
in all countries of highways reserved exclusively for 
motor traffic, and advocating the use of the toll system 
as a means of financing. The delegates of the United 
States and Great Britain abstained from voting on these 
resolutions, making a formal statement to the congress 
in which they described public sentiment in their coun- 
tries as being opposed to the toll principle, and sug- 
gested that as regards the operation of toll-supported 
motor roads, ‘‘time has been too short to provide expe- 
rience on which definite conclusions capable of general 
application can be based” (18). 

Despite the action of the Milan Congress, the ques- 
tion of special motor roads was not deemed important 
enough to be included in the agenda of the next con- 
gress of the same association, held in Washington, D. C., 
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in 1930. There was no discussion of the matter in the 
congress, and the various resolutions adopted by the 
delegates made no recommendation on the subject. 
However, in a preliminary report submitted by the dele- 
gates from Italy, who had been the chief proponents of 
the resolution in the Milan meeting, the following note- 
worthy statement was made, reflecting a much more 
cautious attitude toward toll roads than was the case 
four years. earlier. 

. . . the autostrada can not expect to take all motor-vehicle 
traffic from the ordinary existing roads, even for journeys of 
equal length. . . . It is true that where the autostrade are of 
the same length or connect centers already served by ordinary 
routes which are to be rebuilt or improved, it is to be expected 
that, after the completion of the improvements, automobile traffic 
will prefer the good road which is free to the autostrada, which 
may be slightly better but on which a toll is charged. Since, 
on the other hand, the financial scheme of the autostrada is 
based principally upon the number of vehicles that will make 
use of it, there is danger of failure unless the ordinary road is 
or becomes so congested as to cause those motorists who want 
to make higher speed or enjoy a higher class of service to aban- 
don it in favor of the autostrada. These considerations appear 
to us so striking that they can not fail to be recognized by the 
authorities and boards that consider the requests for conces- 
sions and by the statesmen who have the decision. We believe, 
therefore, that if a few concessions are granted under the above- 
mentioned circumstances, this presupposes an anticipated traffic 
density sufficient for the two roads, the ordinary and the spe- 
cial road, or an encouragement of the construction of the auto- 
strada for the higher reasons of general benefit, independently 
of its economic success as an industrial enterprise (19). 

The latest official pronouncement on the subject of 
toll roads, expressing complete opposition to the toll 
principle, is contained in the Official Report of the 
Royal Commission on Transport of Great Britain, 
issued at the end of 1930. A section of the report 
headed ‘‘Motorways”’ reads as follows: 

Periodically proposals are put forward for the construction 
by private enterprise of special roads reserved for motor traffic. 
The suggestion is that the necessary capital should be sought 
in the open market and that the promoters should look for their 
revenue to the tolls to be charged to users. ‘The commissioners 
are strongly opposed to any suggestion of this nature. They 
have recommended the abolition of tolls and are not prepared 
to support any proposal which would have the effect of creating 
new tolls or prolonging the life of existing tolls (20). 
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eee elm Omey IDNA iON ON THE “PRESSURE OF 
CONCRETE AGAINST FORM WORK 

Reported by L. W. TELLER, Senior Engineer of Tests, United States Bureau of Public Roads 

ROM time to time during the past 35 or 40 years 
several investigators have made experimental deter- 
minations of the pressure of freshly placed concrete 

against the form work. As a result of experiments per- 
formed in 1894, Ernest McCullough found that the 
pressure obtained was equivalent to that of a fluid 
weighing 80 pounds per cubic foot. 

Later experiments by other engineers indicated that 
the maximum pressure obtainable was equivalent to 
that of a fluid weighing 140 to 150 pounds per cubic 
foot. Among those whose efforts are noteworthy are 
F. R. Shunk,! E. B. Germain,? A. B. McDaniel and 
N. B. Garver,? and R. A. Sherwin.‘ Still later efforts 
were made to express in empirical formulas, terms 
which would take care of such variables as temperature 
and rate of fill. Paaswell® derived such a formula, 

Figure 1.—Euectrric FormM VIBRATOR ATTACHED TO A 
Form BatTren 

making use of the experimental work of Major Shunk 
a decade before, and E. B. Smith,°® in reporting a series 
of tests by the United States Bureau of Public Roads, 
derived a formula based upon the data obtained in the 
tests reported by him. 

While the conclusions reached by these investigators 
are not in complete accord, their work has been of great 
value to engineers in designing form work, particularly 
deep forms such as walls and columns. 

Recently there has appeared a new factor which 
seems likely to have an important effect on the design 
of form work and that is the method of consolidating 
concrete by vibration. Several such methods are in 

1 Pressure of Concrete on Forms, by Francis R. Shunk. Engineering News, vol. 62, 
No. 11, Sept. 9, 1909, p. 288. 

2 The work of Germain and McCullough is referred to in the paper by McDaniel 
and Garver. (See footnote 3, first reference). 

3 Pressure of Wet Concrete on the Sides of Column Forms, by A. B. McDaniel and 
N. B. Garver. Engineering News, vol. 75, No. 20, May 18, 1916, p. 9382; and Wet 
Concrete Pressure on Column Forms, by the same authors. Concrete, vol. 10, No. 5, 
May 1917, p. 191. 

4 Designing Concrete Formwork Reduces Costs, by R. A. Sherwin. Engineering 
Record, vol. 73, No. 9, Feb. 26, 1916, p. 278. 

5 Pressure of Concrete in Forms, by George Paaswell. Engineering and Contract- 
ing, vol. 58, No. 8, Feb. 25, 1920, p. 209. 

6 Concrete Pressure Against Forms, by Earl B. Smith. PuBLic ROADs, vol. 2, 
No. 23, March, 1920, p. 15. 

use to-day and all of these tend to give temporary 
fluidity to very dense dry concrete mixtures which, as 
a rule, could not be placed without vibration. 

In the course of a research project dealing with 
another subject at the Arlington Experiment Farm, Va., 
in the spring of 1930, an opportunity was presented to 
obtain a limited amount of data concerning the effect 
of vibration on the pressure of concrete against deep 
forms, and these limited data are being presented in 
this report in the hope that they may be of use to 
those who have this problem before them. 
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Figure 2.—DerTaIts oF PREssuRE CELL INSTALLATION 

TESTS MADE ON 12-FOOT COLUMNS 

The forms which were used in these tests were for 
columns 12 feet high, 2 feet wide, and 8 inches thick. 
They were made of a 2-inch tongue and groove wood 
planking and were water-tight. The surface against 
which the concrete was placed was oiled. 

The concrete used in all of the specimens was of the 
same proportions, aggregates, and grading, although 
the consistency varied wth the different specimens. 
The proportions used were 1:2:4 by volume, with all 
materials batched by weight. The coarse aggregate 
was a well rounded local gravel with a maximum size 
of 1% inches and the fine aggregate was a fairly coarse 
sand from the Potomac River. 

The rate of fill was nearly the same in all of the five 
columns on which pressure measurements were made 
and was approximately 20 feet per hour. 

In two of the forms consolidation was accomplished 
by hand spading and, in these, concretes showing 
slumps of 3% and 7% inches, respectively, were used. 
The other three forms were vibrated and, in these, 

1] 
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concretes showing slumps of 1%, 3%, and 5 inches, 
respectively, were used. 

The hand spading was very thoroughly done, being 
started as soon as the first concrete was placed in the 
form. The vibration was supplied by a special electric 
form vibrator clamped securely to the exterior of the 
form. This vibrator consists of an electric motor 
carrying an eccentric weight on the shaft and operating 
at the high frequency of 3,600 vibrations per minute. 
It is shown attached to a form batten in Figure 1. 

“5 

Figure 3.—AUXILIARY EQUIPMENT USED WITH PRESSURE CELLS 

The tests were made during April and the tempera- 
tures were rather low (49° to 62° F.) except in the case 
of one section where the concrete was placed at a tem- 
perature of 74° F. 

MEASUREMENTS MADE WITH SOIL PRESSURE CELLS 

In order to measure the pressure of the concrete 
against the side of the column form four soil pressure 
cells, of the type developed: by the bureau, were set 
into the side of the form at various heights: as shown: 
in Figure 2. ‘This device consists-of a flat: cylindrical 
metal box, one face:-of which is slightly movable but 
is tightly sealed by a thin metal diaphragm. Normally 
the two faces of the box (ends of the cylinder): are in 
contact internally and this contact closes an electrical 
circuit. External pressure tends to maintain this 
contact. If air under pressure is introduced into the 
box or cell through the small pipe provided for the 
purpose, it will tend. to expand the walls and when 
the internal pressure just excéeds-the external “pressure 
on the cell face, actual movement of one end will occur. 

Ficure 4.—GENERAL VIEW OF THE COLUMNS ON WHICH PRES- 
suRE MEASUREMENTS WERE Maps 

This movement interrupts the electrical indicating 
circuit and if the air pressure present in the cell at this 
moment is measured by suitable gauges, the external 
pressure on the face of the cell is determined. The 
movement necessary to break this circuit is extremely 
small and repeated tests have indicated that the 
device is thoroughly reliable, if properly installed and 
carefully used. The pressure cell and its use has 
been described in detail elsewhere.’ The case contain- 
ing the pressure gauges, air tank, control valves, and 
indicating light is shown in Figure 3. 

Figure 4 shows several of the columns after the forms 
had been removed. The circular spots on the concrete 
are oil stains showing where the greased surfaces of 
the pressure cells were in contact with it. 

The procedure followed in reading pressures was as 
follows: The gauges were first attached to the cell 
nearest the base of the form (cell No. 1; see fig. 2), and 
the pressure exerted against this cell was measured 

ears ie I = 
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Figure 5.—CurVES AND PLotrrep Points SHOWING PRESSURE 
AS A FUNCTION OF HEAD FOR ALL CoLUMNS DuRING PERIOD 
OF Fitting. Data OBTAINED FROM CELL No. 1 ONLY 

* 

7 An Apparatus for Determining Soil Pressures, by A. T. ‘Goldbeck and Earl B. : 
Smith, Proc. Am, Soc. for Testing Materials, Vol. XVI, Part II, 1916, p. 309. 
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Fiegurre 6.—PRESSURE DIAGRAMS FOR ALL COLUMNS 

periodically as the form was being filled. The pressure, 
head of concrete, and the elapsed time since the filling 
started were recorded. As soon as the form was full, 
periodic readings on all four cells were begun. These 
observations were continued at 15, 30, or 60-minute 
intervals for several hours. 

Practically all of the data obtained have been in- 
cluded in the graphs which accompany this report. It 
may be observed, however, that certain data pertaining 
to cell No. 1 and column 5 are not shown in Figure 6 
and an explanation for this omission is offered. For 
some reason not entirely clear, there was noticeable 
segregation in the first batch of concrete placed in the 
base of this colunm. Perhaps this was due to the 
violence of the vibration, perhaps not. The result of 
the segregation was that the concrete in front of cell 
No. 1 in this particular column gradually lost its fine 
material and its fluidity and the pressure data for this 
cell were affected accordingly, as will be noted in the 
discussion later. The condition described can readily 
be seen in the photograph of the columns (fig. 4) in 

which column 5 is the one in the center, farthest from 
the camera. The fine material collected in the bottom 
of the form in a layer about 3 inches in thickness. 

DATA SHOW FLUID CHARACTERISTICS OF VIBRATED CONCRETE 

For the purpose or comparing the effect of the two 
methods of consolidation used, the pressure readings for 
cell No. 1 of each column during the period of the 
filling of the forms, expressed as a function of head of 
concrete, are grouped in Figure 5. It will be noted 
that, for the hand-spaded columns, even when con- 
crete having a slump of 7} inches was used, the con- 
crete at the bottom of the form had ceased to act as a 
fluid long before the form was filled. The pressures in- 
creased hydrostatically up to a certain value, after 
which they decreased. This maximum pressure ap- 
pears to increase with the fluidity of the concrete, as 
indicated by the slump test. In the case of the vibrated 
concrete, however, the fluidity was retained even for 
concrete having a slump of only 1% inches so long as 
the vibration was continued. 
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It is obvious that the complete fluidity of concrete 
with a 12-foot head is a matter for careful consideration 
in form design. 

In Figure 6 are pressure diagrams for all five columns 
at three periods of time. Since the first curve for 
each column represents the pressure condition at the 
time the forms were just filled, the maximum pressure 
is not always shown. In the hand spaded columns the 
maximum pressures were recorded on cell No. 1 at 
some time before the forms were full. The rate and 
manner in which the pressure decreased during. the 
first two hours after the concrete was placed is indi- 
cated by the diagrams. It will be seen that in the 
columns which were vibrated all of the pressure cells, 
except cell No. 1, column 5, indicate that the entire 
mass is acting as a fluid which weighs about 150 
pounds per cubic foot at the time when the form is 
just filled. 

10, —__ 

© COLUMN 4-14 SLUMP 49°F TEMPERATURE | 
| x COLUMN 5 -3¢ SLUMP 74°F TEMPERATURE | 
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Figure 8.—CuRVES OF PRESSURE AS A FUNCTION OF TIME FOR 
Coutumns 4 AND 5, PLACED AT DIFFERENT TEMPERATURES. 
Data OBTAINED FROM CELL No. 2 ONLY 

In both Figures 5 and 6, the effect of the segregation 
in the bottom of column 5 is noticeable. Since Figure 
5 includes only the data from cell No. 1, the points 
shown for column 5 in this figure give an erroneous 
idea of the condition of the concrete in this column. 
The pressure diagram for column 5 in Figure 6 shows 
that the entire mass of the concrete above cell No. 1 
was in a fluid condition at the time that the filling of 
the form had just been completed. 

{t is interesting to compare the pressure diagrams 
(fig. 6) for column 2 (hand spaded, 7}-inch slump) 

with those for column 4 (vibrated, 14-inch slump) and 
note that vibration appears to be much more effective 
than water for obtaining a fluid condition in con- 
crete. 

While Figure 6 shows in a rough way the pressure 
variation with time for the different columns, in 
Figure 7 this relation for two of the columns (2 and 4) 
is given in more detail and for a longer period of 
time. 

The most striking thing about these data is the great 
difference in the residual pressures resulting from the 
two types of consolidation. 

After the 2-hour period there seems to be a tendency 
for the pressures to fluctuate, some increasing, others 
decreasing in a more or less orderly way. The cause 
for this is not known although it is thought that ab- 
sorption of moisture ‘by the wooden forms may have 
caused slight and gradual warping of the forms which, 
acting against the stiffening concrete, would produce 
such an effect. 

TEMPERATURE EFFECT APPARENTLY NOT IMPORTANT 

In order to determine whether there was any indi- 
cation in the data of temperature effect on pressures, 
Figure 8 was prepared. These curves of time-pressure 
relation for columns 4 and 5 represent conditions in two 
specimens of conerete, both of which were in a fluid 
state at the completion of the filling of the forms. The 
comparison was made on these specimens because of the 
comparatively large temperature difference which ob- 
tained (25° F.) Since a comparison could not be made 
on cell No. 1 for the reasons previously described, the 
data from cell No. 2 on each column were used. 
Unfortunately for this comparison, another variable 
(consistency) is present, which may influence the rela- 
tion to some extent. In spite of these factors, it is 
indicated that moderate variations in temperature did 
not greatly affect the pressure value or rate of change 
in these tests. 

It is recognized that the tests are extremely limited 
in scope and no attempt has been made to draw any 
very definite conclusions. The data regarding the 
hand spaded columns are in general agreement with 
those of other investigators and those obtained on the 
vibrated columns are sufficiently conclusive to indicate 
the importance of giving consideration to this matter 
in the design of forms where consolidation by vibration 
is contemplated. 



MOTION-PICTURE FILMS ON ROAD CONSTRUCTION 
AVAILABLE 

A number of motion pictures have been prepared for 
the Bureau of Public Roads by the Office of Motioa 
Pictures, United States Department of Agriculture. 
These pictures cover a variety of topics including the 
construction of various types of road, highway research, 
forest and national park roads, historical subjects, and 
road building in Latin America. 

The purpose of these films is to acquaint the public 
with the methods and significance of highway work, to 
gain public cooperation, and to spread the knowledge 
of improved methods in the construction of roads. 
Persons or agencies desiring to’ borrow films should 
make application to the Office of Motion Pictures, 
Extension Service, United States Department of Agri- 
culture, Washington, D. C., indicating specific dates 
and, if possible, alternative dates, on which they are 
desired for use. The films are furnished free of charge, 
except for transportation, which the borrower is re- 
quired to pay both ways. 

There follows a list of the available films, with a brief 
description of each. 

TYPES OF ROADS 

Low-Cost Road Surfaces—First Stage.—Indicates the 
savings in motor-vehicle operating costs made possible 
by low-cost road surfaces. Outlines the essential opera- 
tions in the construction of the three representative 
types of low-cost untreated surfaces—gravel, sand-clay, 
and topsoil. (2 reels.) 

Low-Cost Road Surfaces—Second Stage—Shows that 
some form of surface treatment is usually necessary on 
low-cost surfaces where the traffic exceeds 500 vehicles 
per day. Describes the construction operations for the 
representative bituminous surface treatments as used 
in Florida, Tennessee, and South Carolina. (1 reel.) 

Mixed-In-Place Bituminous Surfaces—The methods 
employed in the construction of the mixed-in-place 
bituminous surfaces in the far Western States, the alter- 
nate “plant-mixed”’ type as used in California, and the 
retread surface as developed in Indiana and other Mid- 
dle Western States. (2 reels.) 

Penetration Bituminous Macadam.—Methods _ of 
equipment used in the construction of penetration 
bituminous macadam surfaces, which have reached a 
high degree of perfection in the New England States, 
particularly in Massachusetts and Rhode Island. 
(1 reel.) 

[ot-Mizred Bituminous Pavements——The essential 
features in the design and construction of ‘hot-mixed”’ 
bituminous surfaces, including coarse-aggregate asphal- 
tic concrete, fine-aggregate asphaltic concrete, and 
sheet asphalt. (1 reel.) 

Concrete Road Construction.—Illustrates the essential 
requirements in the design of concrete pavements to 
provide the necessary stability to resist the destructive 
action caused by the volume, weight, and speed of 
modern motor traffic. Shows the principal operations 
in the most advanced methods of concrete pavement 
construction. (2 reels.) 
Brick—From Clay to Pavement.—The progress of clay 

through the plant until it is laid on the road as vitrified 
paving brick; some finished brick roads. Of general 
technical interest. (1 reel.) 
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Granite Block Paving.—From the quarry to the fin- 
ished pavement in large cities. Of general technical 
interest. (1 reel.) 

HIGHWAY RESEARCH 

Impact of Traffic on Roads —Tests made by the Bu- 
reau of Public Roads to determine accurately the effect 
on highways of the pounding tendencies of motor- 
vehicle wheels. Many tests in detail. Of special 
interest to road engineers. (1 reel.) 

The Bates Road Tests—The story in pictures of one 
of the most important road tests in highway history, 
depicting the methods by which a road was built to be 
destroyed. (1 reel.) : 

America’s Great Bridge Test.—A technical study of 
the tests made to determine the strength of a modern 
reinforced arch bridge; made on the Swift Island Bridge 
over the Peedee River in North Carolina. (1 reel.) 

FOREST ROAD BUILDING 

Around the West by Forest Roads —Examples of forest 
roads built by the Bureau of Public Roads in Colorado, 
Oregon, California, and Arizona. Of general interest. 
(1 reel.) 

Building Forest Roads —Men and machinery at work 
in the national forests, pushing good highways through 
the great mountains and woodlands. Of general inter- 
est. (1 reel.) 

Highroads and Skyroads——Building Government 
roads through the national forests; obstacles overcome 
and scenic beauties reached. Of general interest. 
(1 reel.) 

Roads from Surf to Summit.—Scenic wonders of the 
national forests of the Pacific Coast States now revealed 
by modern highways: Lake Crescent in the Olympic 
National Forest, Mount Hood, Mount Rainier, Mount 
ee Mount Shuksan, and other natural wonders. 
(1 reel.) 

Roads to Wonderland.—Scenic spots reached by 
roads that are being built by the Federal, State, and 
county Governments, Mount Hood in the Oregon 
National Forest; Crater Lake in Crater Lake National 
Park; and Yosemite National Park. Of general 
interest. (1 reel.) 

The Road Goes Through—How the western road 
builder overcomes barriers to transportation and builds 
the modern roads of our national forest and Federal-aid 
highway systems. (1 reel.) 

NATIONAL PARK ROAD BUILDING 

Roads in Our National Parks —A panorama of the 
service performed by the Bureau of Pub‘ic Roads in 
constructing modern highways in our Western National 
Parks. The scenic wonders of Yosemite, Glacier, 
Rocky Mountain, Mount Rainier, Mount Lassen, and 
Mesa Verde National Parks make this film one of the 
unusual beauty and interest. (1 reel.) 
A Road Out of Rock —How engineers and road build- 

ers overcome huge obstacles to construct a modern 
highway through Glacier National Park. Details of 
construction of a road which now brings the magnif- 
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icent ‘Garden Wall,’ picturesque Lake McDonald, 
and other scenic wonders of the park within easy reach 
of the tourist. (1 reel.) 

The Men Who Build the Roads.—A tribute to the 
courage and ingenuity of the builders of our mountain 
highways; glimpses of the builders engaged in the task 
of penetrating the rocky barriers of Glacier National 
Park with a modern road. (1 reel.) 
New Roads in Rainier—A picturization of the work 

performed by the Bureau of Public Roads in improving 
the highways that make the natural wonders of Mount 
Rainier National Park so easily accessible to the public. 
Majestic Mount Rainier with its perpetual ice-capped 
peak and the 28 glaciers which clothe its sides, offer 
a Been background of unusual beauty for this film. 
(1 reel.) 
Rocky Mountain Park Roads—The construction of 

the new road into Colorado’s famous national park 
under the supervision of the Bureau of Public Roads 
engineers. Long’s Peak, 14,225 feet above sea level, 
the Continental Divide, and picturesque Fall River 
Canyon, reached by this new highway, provided scenic 
material for the cameraman. (1 reel.) 

Yosemite’s New Roads.—The planning and building 
of new roads into the Yosemite National Park by the 
engineers of the Bureau of Public Roads. Yosemite 
Falls, 2,350 feet, highest in the world, El Capitan, 
and the exquisite beauty of the Yosemite ‘‘back 
country”? feature the scenic views included in this 
film. - (1 reel.) 

HISTORICAL 

Travelers’ Toll—Shows how the public pays for good 
roads; how the gasoline tax serves the same purpose as 
the turnpike toll. (8 reels.) 

Wheels of Progress.—A pictorial tale of transporta- 
tion in America from the day of the bicycle and the 
fancy turnout to modern methods of transportation. 
How the gasoline engine revolutionized American trans- 
portation and how the motor car and the truck are 
contributing to progress and prosperity in the United 
States. (1 reel.) 

MISCELLANEOUS 

Crossing the Great Salt Desert —Difficulties overcome 
by engineers in building the Wendover Road, a short 
cut across the Great Salt Desert in Utah; unusual road 
engineering; mirages. Of general interest. (1 reel.) 

Road Building in the United States—Methods of 
building important types of highway in the United 
States, as seen by the Pan American Highway Com- 
mission on a tour of this country; topsoil, gravel, pene- 
tration macadam, concrete, and asphaltic concrete 
roads; how the work is financed. Of general interest. 
(2 reels.) 
A Highway of Friendship—Reception of the Pan 

American Highway Commission by Federal and State 
officials and people of States visited; interesting places 
and events in North Carolina, Kentucky, Ohio, [linois, 
Minnesota, Wisconsin, Michigan, Pennsylvania, New 

Jersey, and the city of Washington. 
terest. (2 reels.) 

Roads for All America.—Visit to Buenos Aires, 
Argentina, of the United States delegation to the first 
Pan American Road Congress. The Pan American 
Highway commission with President Coolidge, the 
Panama Canal, types of highways, scenes of ‘general 
interest, and leading men, including the Presidents of 
Panama, Peru, Chile, Argentina, Uruguay, and Brazil. 
Of ceneral interest. 6 reels, ) 

SOUTH AMERICAN ROAD BUILDING 

Of general in- 

Highways of Argentina.—A sight-seeing tour of the 
wealthy capital of Buenos Aires over its broad avenues ; 
an inspection trip of the rural road construction in the 
Provinces of Cordoba, Santa Fé, and Entre Rios. Of 
general interest. (1 reel.) 

Highways of Brazi ‘affic on the streets and drives 
of Rio de Janeiro; the high-type concrete pavement to 
Petropolis; the road to Sao Paulo, the coffee center; 
the Paineiras road; ;and typical road construction scenes. 
Of general interest. (2 reels.) 

Highways of Chile—An automobile trip from the 
seaport of Santiago to the capital at Valparaiso, annual 
review of the crack military and naval cadets and the 
transportation facilities of the rich copper and nitrate 
mines in northern Chile. Of general interest. (2 reels.) 

Highways of Peru.—The remains of the early highway 
system laid out by the Incas, the modern highway sys- 
tem under construction following the plan of the Incas, 
and the great national obstacles to road construction. 
Of general interest. (2 reels.) 

Highways of Uruguay.—The well-paved and lighted 
avenues of Montevideo, the roads radiating into the 
agricultural and cattle-raising regions, the new road 
under construction from Montevideo to Colonia, and 
characteristic scenes of the country. Of oeneral in- 
terest. (1 reel.) 

Highways of Venezuela.—A loop automobile trip from 
the harbor of La Guaira, on the northern coast of Vene- 
zuela, to the capital at Caracas, and through the fertile 
agricultural region in the vicinity of Maracay and Va- 
lencia to Puerto Cabello on the Caribbean Sea. Of 
general interest. (2 reels.) 

Highway Glimpses of Colombia and the Dutch West 
Indies. —Street and rural road scenes in the vicinity of 
Puerto Colombia and Barranquilla in Colombia and 
traffic at Willemstad on the Island of Curacao in the 
Caribbean Sea. Of general interest. (1 reel.) 
Highway Glimpses of Panama.—Business activity of 

the streets of the new city of Panama contrasted with 
the ruins of Old Panama laid waste by the buccaneer 
and freebooter, Sir Henry Morgan, and the rural road 
development of the Republic. Of general interest. 
(2 reels.) 
Highway Glimpses of Trinidad.—The superb highway 

system of the island, the natural bituminous deposit 
of Asphalt Lake, which is the source of material for 
many streets and roads in the United States, and typical 
road construction scenes. Of generalinterest. (1 reel.) 



1930 MOTOR VEHICLE REGISTRATIONS AND RECEIPTS 
Reported by L. A. ABBOT, Associate Statistical Engineer, United States Bureau of Public Roads 

different motor vehicles regularly registered by 
the various States and the District of Columbia, 

according to reports received by the Bureau of Public 
Roads. The States and the District of Columbia col- 
lected in registration fees, licenses, operators’ permits, 
fines, etc., gross receipts totaling $355, 704,860. 

If the above two figures for the year 1930 are com- 
pared with similar totals for 1929, it will be noted that 
there was a gain in registration of 22 ,336 motor vehicles, 
or only eight hundredths of 1 per cent, and a gain in 
receipts of $7,861,317, or 2.3 per cent. 

The 10-year orowth i in registration is shown in Table 
1, covering the years 1921 to 1930, inclusive. The 
first three ‘columns show the generally used method of 
comparing each total to the previous year and basing 
the increase and percentage of increase on the preceding 
year regardless of whether or not it was a peak, aver- 
age, or “depressed year. The last three columns show 
the results obtained by using a constant basis (the 
year 1921). The last column shows that 1929, with 
more than 19 per cent increase over the preceding 
year, on the 1921 basis, was a remarkable year in 
motor vehicle expansion. 

| ) ites the year 1930 there were 26,523,779 

TaBLeE 1.—Ten-year growth in motor-vehicle registration, from 
1921 to 1930, inclusive, showing accumulated increase since 
1921, with annual increases based on 1921 

Increase over pre- | Accumulated increase | Annual 

Total motor vious year P 19s | per cent 
Year vehicles ay ee AT Le a i ee eee increase 

registered | | based 
| Number | Percent | Number | Percent} on 1921 

. oe x x ae & p 4 2 

192i... -.. 10; 263005 1. aeeaeae id Ae PP alt WEIR i Aa 
1922-5 2 12, 238, 375 1, 775, 080 | 17.0 1, 775, 080 i iy AKO Ry eee ee SN SS 
1923222 ee 15, 090, 936 2, 852, 561 | 23.3 4, 627, 641 44,2 Zhe 2 
TOA Se weal Ady O98 OFd, 2, 502, 741 | 16. 6 7, 130, 382 68. 1 23.9 
19255 225 ose LO 087, 274 2, 348, 597 | 1353 9, 473, 979 | 90.3 22.2 
19260 = 22 ae 22, 001, 393 2, 064, 119 | 10. 4 11, 538, 098 | 110, 2 19.9 
Mee ee || PRY RRE OL GS | 1, 131, 848 | dol 12, 669, 946 | 121.1 10.9 
B25 = Sees os 24, 493, 124 1, 359, 883 | 5.9 14, 029, 829 | 134.1 13.0 
1929 3 Soe 26, 501, 443 2, 008, 319 | 8.2 16, 038, 148 153. 3 19. 2 
LO80CE 2 <2 2--alh 26),523,.7 79 22, 336 | oil 16, 060, 484 | 153. 5 a2 

In the table of motor-vehicle registration the total 
motor vehicles are classified into two groups according 
to type of service. One group for passenger service 
comprises passenger cars, taxis and busses, and the 
second group is made up of motor trucks and road 
tractors, which are used for freight service. From a 
comparison of these group totals for 1930 with the 

1 oo 

same groups in 1929, it is noted that the passenger 
vehicle registration decreased, while that of motor 
trucks increased 3 per cent. This percentage increase 
is only one-third of the 1929 motor truck increase, 
yet it indicates that business was moving ahead in 
spite of the depression. This indication relating to 
business is also confirmed by a noteworthy increase in 
trailers, which are not included in motor-vehicle regis- 
tration: for in 1930, trailer registration increased 36 
per cent over the previous year’s figures. 

Regarding the registration by States, New York still 
leads with 2,307,7 30 motor vehicles, caining 44,471, and 
is followed closely by California with 2,041,356. This 
State made the largest net gain, namely 67,015. These 
two States are the only ones now registering more than 
2,000,000 motor vehicles. There are five other States 
having over 1,000,000 registration as follows: Ohio, 
1,759,363; Pennsylvania, 1,753,521; Illinois, 1,638,260; 
Texas, 1,365,896; and Michigan, 1,328,209. The order 
of precedence is the same as in 1929, except that Texas, 
with a gain of 17,789, has passed Michigan, which 
reported the greatest loss of any State, amounting to 
66,893, or 4.8 per cent under 1929. This drop in 
Michigan, which accounts for almost one-quarter of the 
decrease in registration of the 21 States showing 
decreases, is due not only to the acute manufacturing 
depression in that State but probably also to a large 
scrapping of cars sold for junk to manufacturers 
desirous of ridding the market of old cars. 

The increase in receipts already mentioned was 
chiefly due to higher registration fees, but gains in 
both trailer registrations and operators’ permits helped 
to increase the total. In the disposition of the gross 
receipts according to the laws of the various States, 
the collection and administration expenses amounted 
to $19,196,926 (excluding these expenses in six States 
which make State appropriations); State highways 
were allocated $222,146,682, a little less than in 1929; 
local roads received $68, 577 899, about 3 per cent 
increase; road bond payments were allotted $36,309, 682 
and $9, 473, 671 was reported “for other purposes.’ 
This latter classification includes $3,454,962 for State 
highway patrol; $1,403,280 for city streets, and for a 
free bridge commission (New Jersey); $185,587 as- 
signed to funds used for refunds; and last, $4,429,842 
(1% per cent of gross receipts) to general funds of 
city, county and State as noted on the table of motor 
vehicle receipts. 

————E———E———— ee 
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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 under- 
take 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 pu blications 
are necessarily limited. and when the Derartment’s free supply is ex- 
hausted and no funds are available for procuring additional copies, 
applicants are referred to the Superintendent of Documents, Govern- 
ment Printing Office, this city, who has them for sale at a nominal price, 
under the law of January 12, 1895. Those publications in this list, the 
Department supply of which is exhausted, can only be secured by pur- 
chase from the Superintendent of Documents, who is not authorized 
to furnish publications free. 

ANNUAL REPORTS 

Report of the Chief of the Bureau of Public Roads, 1924. 
Report of the Chief of the Bureau of Public Roads, 1925. 
Report of the Chief of the Bureau of Public Roads, 1927. 
Report of the Chief of the Bureau of Public Roads, 1928. 
Report of the Chief of the Bureau of Public Roads, 1929. 
Report of the Chief of the Bureau of Public Roads, 1930. 

DEPARTMENT BULLETINS 

No *136D. Highway Bonds. 

*314D. 

20c. 

Methods for the Examination of Bituminous Road 
Materials. 10c. 

Methods for the Determination of the Physical 
Properties of Road-Building Rock. 10c. 

The Expansion and Contraction of Concrete and 
Concrete Roads. 10c. 

Reports on Experimental Convict Road Camp, 
Fulton County, Ga. 25c. 

Highway Cost Keeping. 10c. 

Typical Specifications for Bituminous Road Mate- 
TialsaeLOCs 

Tentative Standard Methods of Sampling and 
Testing Highway Materials, adopted by the 
American Association of State Highway Offi- 
cials and approved by the Secretary of Agri- 
culture for use in connection with Federal-aid 
road construction. 

Rural Highway Mileage, Income, and Expendi- 
tures 1921 and 1922. 

Highway Bridge Location. 

*347D. 

*532D. 

*583D. 

*660D. 
*691D. 

1216D 

1279D 

1486D. 

DEPARTMENT CIRCULARS 

No 331C. Standard Specifications for Corrugated Metal Pipe 
Culverts. 

TECHNICAL BULLETIN 

No 55T. Highway Bridge Surveys. 

MISCELLANEOUS CIRCULARS 

No. 62M. Standards Governing Plans, Specifications, Con- 
tract Forms, and Estimates for Federal-Aid 
Highway Projects. 

*93M. Direct Production Costs of Broken Stone. 25c. 

109M. Federal Legislation and Regulations Relating to the 
Improvement of Federal-Aid Roads and National- 
Forest Roads and Trails, Flood Relief, and Mis- 
cellaneous Matters. 

MISCELLANEOUS PUBLICATIONS 

No. 76MP. The Results of Physical Tests of Road-Building 
Rock. 

SEPARATE REPRINTS FROM THE YEARBOOK 

No. *914Y. Highways and Highway Transportation. 25c. 

937Y. Miscellaneous Agricultural Statistics. 

1036Y. Road Work on Farm Outlets Needs Skill and 
Right Equipment. 

TRANSPORTATION SURVEY REPORTS 

Report of a Survey of Transportation on the State Highway 
System of Ohio. (1927) 

Report of a Survey of Transportation on the State Highways of 
Vermont. (1927) 

Report of a Survey of Transportation on the State Highways of 
New Hampshire. (1927) 

Report of a Plan of Highway Improvement in the Regional 
Area of Cleveland, Ohio. (1928) 

Report of a Survey of Transportation on the State Highways of 
Pennsylvania. (1928) 

REPRINTS FROM THE JOURNAL OF AGRICULTURAL RESEARCH 

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

5, No. 19, D- 3. Relation Between Properties of Hardness 
and Toughness of Road-Building 
Rock. 

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

6, D- 8. Tests of Three Large-Sized Reinforced- 
Concrete Slabs Under Concentrated 
Loading. 

11, No. 10, D-15. Tests of a Large-Sized Reinforced-Con- 
crete Slab Subjected to Eccentric 
Concentrated Loads. 

Vol. 

Vol. 

Vol. 6, No. 

Vol. 

* Department supply exhausted. 
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