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ANNUAL REPORT OF THE BUREAU OF PUBLIC ROADS

Factors Affecting Progress

Pineise
an adequate solution of highway traffic difficulties coutinned to

be one of the unsolved probleins of the nation. Throughout (he fiseat year
19527 Large construction programs were carried on which imeluded constrnetion
of urban expressways, metin intercity routes, and feeder roads, The voluue
of highway constraction at least equaled that in any previous vear. But this
rate of progress is far too low iu the light of actual highway conditions. Since
the beginning of the wir, highway surfaces have not been replaced as rapidly
as they have worn out. About two-thirds of the Federal-aid) primary and
secondary highway systems is deficient in some respect and does not give
satisfactory service to traffic.
Public demand for facilities over which vehicles could move without en-

countering congestion, delay, and danger was never stronger. Sections of
expressways completed in cities and modernization of some sections of rural
roads whetted the drivers’ appetite for more of these improvements, Newspapers
and magazines published articles analyzing traffic conditions and giving sup-
pert to better highways. However, the rate of progress was controlled mainly
by funds available and the highway program was not financed on a seale that
promised adequate highway systems within a reasonable period of years.
National production rose to new high levels, reflecting the general prosperity

of large and small businesses and of individuals. Highway use followed very
closely the trend in production, Traflic on rural reads in the calendar year
1951 reached a new high for the eighth consecutive year. Traffic was 10 percent
above that for 1950 and 58 perceut above that for 1941. Urban travel was
estimated at 6 percent above that of 1950 and 45 percent above 1041, Total travel
on all roads and streets in 1951 was estimated at 490 billion vehicle-miles,
Main traffic arteries in or adjacent to large cities carried traffic volumes not

dreamed of 20 years ago, Peak traffic volume in a 24-hour period in excess of
100,000 vehicles was reaehed by the North Outer Drive and South Outer Drive in
Chicago, the Highway Bridge approaching Washington from the south, the
Yollywood Freeway and Arroyo Seco Freeway in Los Angeles, the George
Washington Bridge approaching New York, the Admiral Wilson Boulevard in
Camden, N. J., and the Bay Bridge at San Francisco. All but two of these
arteries had an average daily traffic in excess of 80,000 vehicles. These are
exceptional traflie volumes, bnt they serve to illustrate a trend. There were
a great many miles of highway badly congested by traffic of only a few thousand
vehicles per day.
Continued increase in highway prices and shortage of steel were adverse

to highway imprevement. The wpward trend in highway bid prices which
started with the Korean trouble, at the beginning of the fiscal year 1951,
continued at a diminished rate of rise throughout the fiscal vear 1952. The
increase during the year was 6.2 percent, which was considerably less than that
of 15.6 percent during the previous year. The tetal vise since the beginning

1 The fiseal year extended from July 1, 1951, to June 380, 1952.
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of the upward trend was 22.7 percent. Prices at the end of the fiscal year
were 49.9 percent above those for 1945.
During the fiscal year, highway construction labor, materials, and equipment

costs increased 5.5 percent, 0.6 percent, and 1.6 percent, respectively.
Inability to obtain sufficient steel to meet highway requirements seriously

delayed a large number of bridge projects already under construction and
either prevented or discouraged the commencement of many new improvements
that had been contemplated. The most critical shortages of steel were in the
products used in the construction of large bridges, which normally constitute
only about 15 to 20 percent of the total highway construction program. There-
fore, despite the serious delays to structural projects, the Federal-aid highway
program as a whole was able to proceed at a near-vecord rate, although with
greater emphasis on the nonstructural portion of the work than would otherwise
have been the case.
There was good competition among contractors for Federal-aid work. The

average number of bidders per project was 4.6, which was slightly lower than
in the previous year. During the year, approximately 4,500 Federal-aid highway
contracts were awarded to some 2,000 contractors,
In the last half of the fiscal year, there was a marked increase in the award-

ing of contracts for Federal-aid and other classes of work supervised by State
highway departments. The total of such contract awards amounted to $841
million as compared to $611 million in the same period of the previous year
(fig. 1).
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Figure 1.—Highway construction contracts awarded by State highway
departments.
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As the year advanced, highway departments fonnd it increasingly difficult
to obtain enough engineers and technical assistants to carry on their work,
College graduates generally did not find jobs and salary scales offered in
highway work attractive, and [here were losses of echnical personnel to defense
activities. This trend, if continucd, will result in delay ino preparing plas
for new imprevements, since current construction is given first priorily in
assignment. of personnel.

The Federal-Aid Program
Acceleration in the rate of project advancement during the last G months

of the fiseal year raised the level of accomplishment in the Federal-Stale coop-
erative highway construction program fo a new record high for the year. This
upsurge ip construction, coupled with Congressional approval of larger annual
authorizations for the fiseal years 1954 and 1955, is a detinite improvement
in progress toward closing the wide gap now separating highway supply and
highway demand.
The Federal-aid highway construction program was carried forward during

the year wilh Federal-aid funds of $500 million authorized for the fiseal year
and remaining balances of prior authorizations, together with State and Tocal
matching funds. <All classes of Federal-aid projects completed during the year
had a combined total length of 18,110 miles. This was less than the mileage
of completions during the previous year, a result of the screening of projects
with respect to defense essentiality and consequent deferral of some of the
secondary system improvements. Completions of secondary projects decreased
hy 2,766 miles from the previous year’s total, as contrasted to a decrease of
only 1,921 miles in the total program. <All projects were carefully reviewed
during the year pursuant to the President's request of July 21, 1950, that
programs be re-examined with the object of giving first priority to those which
contribute directly to the defense effort or to essential civiHan requirements.
Highway and bridge improvements were completed during the year as follows:

On the Federal-aid primary highway system outside of cities (principal intercity
routes), 5,627 miles of highways and S84 bridges; on urban portions of the
Federal-aid primary highway system, 772 miles of streets and 363 bridges; and
en secondary or farm-to-market roads, 11,109 mites of reads and 1,245 bridges.
Progress in the long-term program of eliminating hazards to life at railway-
highway grade crossings resulted in completion during the year of 133 crossing
eliminations, reconstruction of 82 inadequate grade-separation structures, and
protection of 341 crossings by flashing-light signals or other effective safety
devices. Projects completed other than in the regular Federal-aid program
alounted to 601 miles.
Restrictions on the use of steel, principally structural steel, reduced the volume

of bridge work with the result that bridges constituted a smaller preportion of
new plans approved than in prior years. The rate of submission of bridge proj-
ects requiring structural steel in the superstructure indicated a trend toward
deferral of bridge work and use of designs requiring a minimum of structural
steel.
Despite the scarcity of steel, record-breaking volumes of projects initiated by

the States were advanced through the stages of program appreval, plan approval,
mndcontract award. Projects for the construction of 25,999 miles were programed
during the year, and nearly all of the States were allotting funds apportioned
for the fisenl year 1953 to programed projects. Contracts were awarded dur-
ing the year for improvements to 20,462 miles of highways and streets. Con-
struction put in place during the year amounted to 94 percent of the year’s $500
inillion authorization, At the year's end, construction was in progress, or sched-
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uled te begin soon, on 26,216 miles of highways and streets. Details of accom-
plishments during the year and the status of the program at the year’s end are
furnished by tables in the appendix.

Classes of Federal-Aid Work
Provision for continuation of an enlarged program of Federal assistance to

the States during the fiscal years 1954 and 1955 was made by the Federal-aid
Highway Act of 1952, approved June 25, 1952. This act authorized a total of
$550 inillion for each of the two fiscal years for three general classes of high-
ways—primiary, secondary, and urban—and in addition, authorized $25 million
each year for inprovements to the National System of Interstate Highways.
The Federat-aid primary highway system—tImprovement of the network of

principal highways included in the Federal-aid primary highway system has
been continuous since 1921, when the Federal Highway Act previded for its
designation. Forty-five percent of each year's authorization since World War
IT has heen specifically designated for improvements on the Federal-aid primary
highway system. Authorizations of primary funds for each of the fiscal years
1952 and 1953 amounted to $225 milion, Primary funds of $247.5 milhon were
authorized for each of the fiscal years 1954 and 1955.

The Federal-aid secondary highicay system —The Federal Government recog-
nizes an interest in secondary or farm-to-market routes, rural mail-delivery
routes, and school-bus routes by providing 30 percent of the total Federal-aid
fund authorization for improvement of this class of road. Secondary fund
authorizations of $150 million were provided for each of the fiscal years 1952 and
1953 ; for each of the fiscal years 1954 and 1955, the secondary fund authorizations
have been inereased to $165 million.

The Fedcral-aid urban primary susteu—Federal funds for aiding in the con-
struction of the modern expressway routes so urgently needed to eliminate serious
traffic congestion in cities make up the remaining 25 percent of the annual
Federal-aid authorizations. Urban fund authorizations were $125 million fer
each of the fiscal years 1952 and 1953; for the fiscal years 1954 and 1955, the
urban fund authorizations have been increased to $137.5 million. Primary funds
ave also available for expenditure on improvements to the urban system, which
comprises the urban portion of the Federal-aid primary highway system.

The National System of Iuterstate Mighicays.—Authorization of a fourth class
of Federal-aid funds for improvement of the National System of Interstate
Highways was contained in the Federal-aid Highway Act of 1952. For each of
the fiscal years 1954 and 1955, $25 million was provided for this 37,800-mile
system which Federal legislation had previously brought within the Federal-aid
primary and urban systems. Approximately one-third of the primary funds
and nearly one-half of the urban funds heretofore allotted to projects have
been for improvements to the interstate system. Specific funds for the system
have been authorized to encourage more rapid improvement of this selected
system of interregional highways, important both as avenues of commerce and
as routes of highest strategic importance in national defense.

Status of Work at End of Fiscal Year
Figure 2 shows the status of the Federal-aid program finaneed from funds

currently available. The active program of projects for which plans had been

approved or work had started at the elose of the fiscal year (table 2 of the
appendix) included improvements to 25,234 miles of highways and streets in
the Federal-State cooperative program, The total estimated cost of these im-
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proyements was $1.78 billion, including $888 million of Federal funds. Included
in this work was the elimination of 261 railway-highway grade crossings, the
reconstruction of 37 obsolete grade-separation structures, and the protection of
817 grade crossings by the installation of flashing lights or other effective pro-
tection devices. Other work under the programs for improvements in National
forests and parks, publie lands, and for flood relief involved improvements to
an additional 982 miles of highways at a total cost of $60 million, including $53
willion of Federal funds.

The National System of Interstate Highways
The National System of Interstate Highways includes the most important

routes of the country. Since it connects the different regions and most of the
larger cities, it carries great streams of traflic. Its routes are used by, and are
of direct interest to a greater number of people and businesses than any other
equal highway mileage. Defense activity greatly increased traffic on the sys-
tem and focused attention on the many improvements needed to provide eco-
nomic transport. Examples of the inadequacies and obstruction to traffic flow
and Low they were being corrected are described in a following section dis-
cussing outstanding projects.
No Federal funds were provided, heretofore, solely for use on the interstate

system. Improvements were made with funds provided for the Federal-aid
primary highway system, of which it is a part, and for urban highway improye-
ments. In response to a general demand for acceleration of the rate of im-
provement of the system, the Federal-aid Highway Act of 1952 provided $25 million
for exclusive use on the system in each of the fiscal years ending June 30, 1954,
and June 30, 1955.
Progress in improving the system was somewhat better than in the preceding

fiscal year. Thirty-six percent of the Federal-aid primary and urban funds
assigned to projects approved for construction were for improvements to the
interstate system. Projects completed during the year involved improvement
of 1,232 miles at a total cost of $192,986,659, of which $98,211,572 were Federal
funds. At the end of the year, construction was under way on 1,620 miles at
a total cost of $898,120,670, ineluding $199,361,762 of Federal-aid funds. In
the preceding fiscal year, slightly over 1,000 miles were completed and at the
end of the year 1,516 miles were under construction.

Improvement of Urban Highways
The continued increase in travel produced its most pronounced effect in urban

areas, since approximately half of all motor-vehicle travel is on city streets.
Based on counts made in 41 cities, it was estimated that 1951 travel in urban
areas was 6 percent greater than in 1950 and 45 percent greater than in 1941.
Every city struggled with problems of congestion, delay, and accidents. For
some years there has been general acceptance of the fact that free movement
of traffic can be accomplished only through provision of expressways for the
largest streams of traffic, improvement of distributor streets, and creation of
parking facilities and terminal facilities for trucks and busses. Activity toward
these ends was greater than in previous years. Practically every city had
inajor highway projects tnder way and was attacking the parking and terminal
problems with greater energy than in past years.
The Federal urban highway program has been directed toward assisting

the cities in their most difficult and costly work—improvement of main traffic
arteries. Analysis of the Federal-aid urban highway projects approved during
the three fiscal years ending June 30, 1952, shows that the funds are being
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used for work that wilt improve the flow of traffic rather than for replacement in
kind of worn-out surfaces.
Projects were approved lotaling almost 1,000 miles and involving Federal par-

ticipation in excess of $368 million in a total cost of over $700 million. Sixty-
five percent of these funds were being used on expressway coustruction; 14 per-
eent on multilane divided highways without controlled access; 12 percent on
projects which previde at least one additional (raflic lane; and less that 7 percent
on minor improvements which will facilitate the Mow o€ traffic on existing high-
ways, About S percent of the urban funds were being used to eliminate hazards
resulting from highways crossing railways at grade,
Use of Federal-aid urban funds is limited to the improvement of routes of the

Federal-aid urban primary system. These are the arterial reutes enrrying the
largest volumes of traflic. The effect of improving these routes is more far
reaching than the relief of congestion in the immediate areas through which they
pass. These routes form the urban road system which determines the general city
plan of development. They outline neighborhoods and carry tratlic between differ-
ent areas in the city, and between these areas and the central business district.
The functioning of a city’s motor-vehicle transportation is not complete unless

all phases are brought to a desirable standard, and the improvement of the Fed-
eral-aid nrban primary system encourages and sets the puce for solution of other
transportation jwoblents. These problems include (1) the improvement of dis-
tributor streets, because people aud goods are delivered finally to home, store, and
factory on streets serving them directly, (2) the improvement and development of
terminal facilities such as parking areas and off-street loading docks to release the
arterial routes and streets for moving vehicles, (8) the improvement of the tran-
sit system to give better service and reduce interference between mass-transit veht-
cles and other moving vehicles—in many instances improved arterial routes have
aided mass transit by providing better facilities for busses, with resulting redue-
tion in operating time—aud (4) better traffic control and enforcement to insure
coordination in the operation of all parts of the transportation system.

Work on Outstanding Federal-Aid Projects
An impressive feature of the year's work was the number of outstanding proj-

ects being built in all sections of the country. At the end of the war there were
few divided highways with eontrolled access. By the end of the year many had
been eompleted or were under construction. They were found not only in the
larger cities but in eities with populations as low as 40,000 or 50,000. Most often
the projects were seetions of much more extensive improvements whieh, because
of the cost, would have to be spread over a period of years. Typical examples
of expressways and other improvement are described in the following paragraphs,
East Boston Eepressivay—Completion of the East Boston Expressway was

scheduled for the fall of 1952. This 144-mile, six-lane divided highway, a section
of the National System of Interstate Highways, will bring welcome relief to the
22,000 motorists who have suffered daily from lack of an adequate highway link
connecting the vehicular tunnel under Boston Harbor with the North Shore high-
ways and the Logan International Airport. Traffie las been foreed to use eon-
gested local streets in one of the most densely populated areas of Massachusetts.
The result has been hours of delay to thousands of people and about 100 aecidents
and 5 fatalities each year.
Built entirely on new tocation and partly elevated, the new expressway

embodies the most advanced features of highway design. Providing for the
complete separation of opposing traffic, the elimination of cross-traffic and
conflicting movements at intersections, and the removal of pedestrians, the

a
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The East Boston Expressway, looking northward. In the foreground, the
Sumner tunnel ramp is at the left, ramps to the Logan International Airport
at the right.

expressway will permit through traffic to move safely and without interference
on this important section of our highway system. Local traffie will move with
greater safety and freedom on the existing city streets. An independently con-
structed bus and rapid-transit station being integrated with the expressway
will provide connection between busses serving the busy Logan International
Airport and the metropolitan transit system. When the Boston Central Artery,
now under construction, and a proposed second vehicular tunnel under Boston
Harbor are completed, it is expected that the traffic on this expressway will
increase to 45,000 vehicles per day.

Highbridge Interchange in New York City——One of the most difficult traffic
sorting and distribution problems ever encountered was in New York City near
the end of the George Washington Bridge. Great streams of traffic pour into
the area cver the George Washington Bridge, the Cross-Bronx Expressway,
Harlem River Drive, and the Heury Hudson Parkway. Tyaffic is composed of
all classes of vehicles in through and local movement with wide diversity in
destinations. .

Traffic over the George Washington Bridge has been as high ag 123,000 vehicles
in one day, and it is expected that 20,000 vehicles will travel the expressway
across the Bronx each day when it is fully completed. Much of the traffic
through the area, in order tu reach the desired route, has been forced to use
heavily congested streets that were narrow and twisting. Time was lost because
of traffic lights, parked vehicles, streetcar tracks, and elevated railway columns.
The Highbridge Interchange, an intricate array of structures aud looping

roadways, was completed as a Federal-aid project and provides the means of
ready and unobstructed movement from one route to another. Two tunnels, one
of them newly constructed by the Port of New York Authority, connect the
interchange with the George Washington Dridge.
Traffic of the great number of defense industries in New York City and north,

south, and west of the city will benefit greatly from the improvement.
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In the cover picture of this report, the tHghbridge luterchange in New York
City is shown at the center of the piehure, the George Washington Bridge across
the Hudson appears in the upper portion, aud the offer stream is the Thirtem
River, UWarlem River Drive is slong the far bank of Lhe Warten River, and the
Uenry Hudson Parkway (not visible) is along the pear bank of the udson, The
Cross-Bronx Expressway is at the right.
US 60 in West Virginia—the greal amount of traffic using Lilerstate System

Roule US ¢0 between the West Virginia-Kentlueky State line and Gauley Bridge
in West Virginia strongly indicutes great need of a four-lane highway throughout
this 100-mile section, Charleston Hes uear the midpoint of the section and
many industrial plants are string out along if. West Virginians call the aren
the chemieal eapital ef the world. OF the total length: about 30 miles are city
streets and approximately 30 miles now have a resdway of 40 feet or more,
This includes the wider city streets and four-lane rural sections. Trailic using
the road varies from 4,400 vehicles 1 day in a rural county te about 26,000 in
Charleston. AH fimprevements undertaken on this seetion have been planned
for ultimate development as a four-lane highway. An illustration shows the
chiaracter of improvement made at Ganley Bridge. ‘

The four-lane divided highway completed at Gauley Bridge in West Virginia.

A secoudary road in Gcorgia—The economic growth of Charlton County,
located in the piney woods of southeast Georgia between the Okeefeenokee
Swamp and the St. Marys River, was severely retarded during the 1940's due,
at least in part, to the inadequate highways soe the county. Population
decreased from 5,256 in 1940 to 4,821 in 1950, or 8.3 percent. An illustration
shows an inundated road typical of conditions “hat occurred each spring.

Since the end of the war improvenients have heen completed on a Federal-aid
secondary route from St. George north to Folkston and easterly, paralleling
the St. Marys River, to the town of St. Marys on the Atlantic coast, where a

hnge paper plant is located. Improvement has also been completed from St.

George westerly 12 miles to Moniac. Thirteen inadequate bridges subject to

washout annually on the 23-mile section between St. George and Folkston have
been replaced. With the improved highway and bridges, timber and naval
stores are produced and delivered throughout the year rather than on a seasonal

basis.



A secondary road in Georgia near the Okeefeeuokee Swamp before improve-
ment, aud another section of the road after improvement.

Traffic between St. George and Folkston has increased from less than 100
vehicles daily in 1946 to over 500 vehicles daily in 1951. Improvements were
still under way on the 12-mile section south of St. George to the Georgia-Florida
State line. When this section is complete another substantial increase in traffic
is anticipated, as a direct connection will be made with the Florida highway
system at MacClenny, Fla., which will provide an alternate route to the truck
and citrus producing areas of central Florida.

U 8 90 in Alabama.—U 8 90 in Alabama is the principal route roughly paralel-
ing the Gulf coast, carrying traffic from cities along the coast to New Orleans.
It is a part of the National System of Interstate Highways. On the 26-mile
section between Mobile and the Alabama-Mississippi State line, traffic ranged
from 10,000 vehicles per day near Mobile to 3,000 per day on the westerly portion.
The narrow pavement, sharp curves, and restricted sight distances on the old
road seriously obstrueted traffic. This was particularly true of the section in
and near Mobile where traffic was heaviest.
This road has been modernized by relocating 8 miles, construction of 11.5

miles as a four-lane divided highway, and widening the remainder to 24 feet.
In 1951 there were 110 accidents on the old road outside of Mobile, resulting in
injury to 76 persons and 4 deaths. The State highway patrol reported a 50-
percent reduction after the opening of the new road.

Circumferential road at Meridian, Miss—Through and loeal traffic on U S 11
and U § 80, which are coincideut in the vicinity of Meridian, are saving 50 percent
in travel time and 18 percent in travel distance since a new road was completed

LO



The new four-laue highway ou U S 90 approaching Mobile.

and the old route through the business district of the city abandoned. Access
to the business district is affurded by several conveniently located streets which
intersect the new highway. The four-lane divided highway, constructed fo inter-
state standards, was completed in August 1951. The new highway skirting the
city is 5.8 miles long and has two raifroad-highway grade-separation structures
and one bridge. An intersection with US 45 was left at grade, but when traffic
volumes warrant it the highways will be separated by a structure, and connect-
ing ramps provided, Interchange for traffic to and from U 8 11 south from
Meridian is provided by two double-lane ramps. When the new facility was
opened, traffic amvuunted to 4,000 vehicles per day.

Chicago's new erpressway—aA 14-mile section of Edens Expressway extending
north of Chicago was opened to traffic this year. Replacing the old Skokie route,
this six-lane divided highway, constructed to interstate highway standards in-
cluding full control of access, not only eliminates congestion and reduces the high
accident rate formerly experienced on U § 41, but also reduces the average travel
time by about 17 minutes. Completed at a cost of $22 million, this modern facility
has been estimated to save motorists over $3 miHion annually in terms of acci-
dents, time, tires, and gasoline,
Illumination was being installed at the end of the year for its entire length,

and will improve the night driving conditions, adding another safety factor.
Passing through an attractive suburban area, the aesthetic values were main-
tained by careful attention to the architectural treatment of structures and de-
velopment of the roadside.
Plans were being prepared for an extension south to connect with the projected

Northwest Expressway which will give direct access to the Chicago Loop area.



Separations of railroad and highway grades in Miuneapolis as work neared
completion. Travel of 50,000 vehicles daily will be facilitated by these
improvements.

Traflic counts showed 25,000 to 35,000 vehicles per day on the completed highway,
and estimates indicate a daily volume of more than 40,000 vehicles when express-
ways are in operation to duwntown Chicago. When completed, travel time via
the Edens and Northwest Expressways to the Loop will be reduced from the 1
hour and 10 minutes required on the old route to about 45 minutes.

Grade separations in AMinneapolis—A tifty-year dream was rapidly approach-
ing realization at a railroad crossing in Minneapolis. Separation of the railroad
grade from the grades of intersectiug streets and trunk highways has been a
public issue since before World War I. Matters relating to the grade crossings
have been the subject of city ordinances, lawsuits, court orders, injunctions, and
appeals from time to time throughout the years. With each passing year the
congestion and delays at crossings became more and more intolerable.
Finally, in 1948, work on (he first phase of the over-all plan for development

was begun. Four years later, the improvements were almost ready for traffic.
They consist of four structures (two railroad-highway and two highway-highway
grade separations) and a modern four-lane divided highway. Federal-aid funds
were used to pay approximately 55 percent of the total cost of the improvement.
Traffic on the two trunk highways and one city street was estimated to be

approximately 50,000 vehicles per day, and a large increase was anticipated after
completion.

U § 80 reloeatcd around Cedar Rapids, Ioewa—Work was under way on the
relocation of U S$ 30 east of Cedar Rapids for a distance of 15 miles, avoiding the
industrial district and all but a small portion of the residential area of the city.
The new location also avoids the built-up sections of the cities of Mt. Vernon and
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Lisbon, It was estimated that through traftic will save at least one-half hour
driving time and cougestion in Cedar Rapids will be materially reduced when the
work is completed, even though the saving in distance will be uegligible, The
new road crosses one railroad switelitracek at grade, and two mainline railroads
over grade-separation structures. excavation required in constructing this road
is in excess of 1.85 nillion cubic yards,
The old route of U S 30 traverses the industtial aud residential arenas of

Cedar Rapids for a distance of Smiles. There are fone railroad grade crossings.
Kast of Cedar Rapids the puvement is only 18 feet wide, wilh several sharp
curves and tairrow bridges. There have been 26T aceidents ou the old) road
during (he last 5 years. Whe new road will greatly reduce the accident rate
because of improved width, alinentent and visibility, and elimination of
grade crossings,
Austin Brpressicay.—The first segment of Kast Avenue Expressway in Austin,

Tex., was put inte service near the end of the year and used for local travel.
This 1.7 miles of controlled-access, multilane highway lus five grade-separation
structures, and is the first seetion of 24 iniles of floprovement of U S$ 81 that
wilt extend Taniles nortivand 7 miles south of the city. This section of highway
is also part of the interstate system. Service roads and frontage streets will
be provided throughout. The ultimate improvement will have 22 grade-separa-
tion struetures and one major bridge when completed. Its loeation skirts the
congested areas of Austin and will fomm an important link in the future
improvement of U 8S 81 between San Antonio and Fort Worth,
A traveler over U 8 81 following the old route through Austin will encounter

49 traffic lights or stop signs at eross streets. Through traffic alone on U 8 81
at Austin has been almost 9,000 vehicles daily. Daily traffic near the University
of Texas campus has averaged over 24,000 vehicles.

Hollywood Freeway in Los Angeles—For 12 years the Hollywood Freeway
has been the number one freeway project in California. It is the backbone
of the metropolitan Los Angeles freeway system, being 10 miles in length, begin-
ning in the heart of Los Angeles and extending northwesterly through Hollywood
and Cahuenga Pass to Vineland Avenue in the San Fernando Valley.
The first section, 1% miles in length, in Cahuenga Pass was opened to traffic

in 1940. The work was financed with city, Federal, and State funds. Further

Coutrolled-access expressway in Austin, Tex.
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construction was delayed by World War II and the lack of State funds. <A

second wit, 2 miles in length, was completed in 1949, and a third unit in the
heart of Los Angeles was opened to traffic in 1950. Among other notable fea-
tures the section has a four-level grade-separation structure. Two sections,
totaling 244 miles in length, were completed during the fiscal year and work
was well under way on the last section.
The Hollywood Freeway is an important link in the interstate system and

of U 8 101, which extends from Mexico to Canada along the Pacific const. The
freeway is the culmination of the cooperative efforts of city, county, State, aud
Federal officials in solving difficult location and financial problems.
The value of the freeway is indicated by the volume of traffic using it. An

uverage of 30,000 vehicles per day were nttracted to the third section in the
heart of the city when it was opened in 1950. Traffic increased to 45,300 vehicles
per day when the next unit was opened, and to 70,000 vehicles per day when the
entire section between Spring Street and Western Avenne was available. The
vohine of traffic has increased steadily as the public has realized the benefits
derived from traveling on the freeway, until at the end of the fiscal year the
Spring Street-Western Avenue section was carrying 90,000 to 100,000 vehicles
daily. It is obvious that the freeway will be used to capacity when it is
completed.
The freeway has six to eight traffic lanes throughout its length, with all cross

traffic eliminated. Although it has cost many millions of dollars, its cost will
soon be more than offset through savings to motorists in operating expenses and
travel time. Of greater importance to the traveler is the convenience and safety
resulting from use of the freeway. On the adjoining Arroyo Seco Freeway, the
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The Hollywood Freeway will ease congestion on Aliso Street Ciuset) in
Los Angeles.
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fatality rate during the year L048 was O48 per million vehicle-miles as compared
weywith 2 vo per nullion vehicle-wiles on Wilshire Boulevard, which carries approxi-

mately the same volume of traffic (10,000 yvelicles por day). [tis expected Che

Hollywood Freeway will ave a amore favorabte record becouse of additional
Los Angelessafely features (hat were no€ bnailt into the Arroya Seco Freeway,

Wilk also benefit by removal of (hrough Grate frou many local streets and the
lessening of traflie congestion,

Rouds to serve a Washington irrigation projeet—Waley for irrigation from
Lake Roosevelt, fommed behind the Grand Coulee Dam, was unde available to

A conialthe first bloek of avid land in the Columbia River basin early in 1992,

system was under construction to trausform: some 500,000 neres of sagebrush
land to highly productive agricultural kuid in the course of about 10 yerrs.
Later construction will add another 500,000 acres, niueh of whieh has been

marginal land producing wheat by dry farming.
A year ago there was no need for a road system. It has been determined that

in excess of 1,200 Miles of new county roads will be required to serve the area

how. The most important of these reads are terme “arterials” and are placed
on the Federal-aid secondary highway system, as blocks of land are divided into
fain units and placed under irrigation. At the end of the year 134 miles of arte-
rials had been placed ou the system: aud 49 miles of Federal-aid projects had been

plhiced under construction. Plans were ju varions stages of completion for an
additional 83 miles to be placed under construction at au early date.

Portland-The Datles Fepressiway—One of the first great highways in the
United States was the Columbia River Eighway, built about 40 years ago. Con-
structed through the gorge of the Columbia River in Oregon, it has been justly
fumed for scenic beauty, skillful engineering, and traffic service.
In the 1920's this highway was famed throughout the country as the peak of

perfection in highway improvement. Its scenic attractions remain wnmarred,
but many of its Iuilders have lived to see its abandonment ordered because of
obsolescence and unfitness for the traffie that exists.
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As a replacement, Oregon was building an expressway 82 miles in length
from Portland east to The Dalles. This expressway is a part of U 8 30
and is on the National System of Interstate Highways. The 16 miles within
and immediately cast of Portland is of six-lane and four-lane construction. The
other 66 miles is to have two lanes. In contrast with the old highway, there
are to be no sharp curves, and deviation of highway grade from normal water
level of the Columbia Liver nowhere exceeds 200 feet. Construction has been
made difficult by narrowness of the ledge between the river and the walls of
the gorge and by the presence of a main-line railroad. Much of the roadbed
is at the river’s edge, constructed by hydraulic dredging methods and pro-
tected by rock bulkheads and riprapping.
All crossings of railroads, highways, and streets are separated crossings.

Points of access are limited to an average of about one in three miles.
Twenty-eight miles are already completed, 34 miles were under construction

at the end of the year, and 20 miles remained to be placed under contract.
There will be some loss in scenic values, since the old highway climbed to

elevations SOO or more feet above the river, but proximity of the expressway to
the Columbia River, together with the rugged nature of the river gorge, will
make the new highway alinost as scenic as the old une. Certainly travelers will
view the scenery in greater safety.
Colorado’s Clear Creck Canyon highieay—Colorado’s historic Clear Creek

Canyon, used by prospectors and a transcontinental stage-coach line during the
1860's, and later by a narrow-gage railroad, is again serving as a link in one
of the nation’s main transcontinental highway routes. Completion of a modern
highway from a point on U S 40 approximately 7 miles west of Denver, north-

sakes

Clear Creek Canyon highway in Colorado.
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westerly throngh Golden and thence up Clear Creek Canyon fo rejoin US 40
at the west end of Floyd a tofal distance of 18 miles, culminates 13 years
of construction begun in 1935,

The canyon, will its easy gradient, has long been eyed by rowd constructors
as an alternate route for US 6 und 40 entering Denver from the west, and as
aainenns of providing more direct uceess to the colorful mining towns of Central
City and Blackhawk. Stow moving, bumper-1o-bumper traffic has exisved during
peak periods on the Ployd Will rowle for some time, even though the highway
has been widened to three limes throughout most of its length, Now, with
both highways in operation, traffic flows unimpeded, resulting in great savings
in tine and fewer accidents.
From the eastern junction with U S 40 on into Golden, the new highway hus

four Innes divided by a iwnedian. Within the canyon, two Innes for traffic and
adequate shoulders for parked vehicles ure provided. The rod surface is at
least 12 feet above streambed, and is protected from stream diumage during the
frequent rampages of Clear Creek by stone retiining walis and heavy rock fills.
Six tunnels totaling three-fourths mile in length bypass sharp turns in the
eauyon, aud permit a speed of 30 miles per hour for the lower 5 miles, and
40 to 50 miles per hour on the remaining portion. Throughout the eanyon's
length, a 40-feot streambed lits been provided to avoid damage by floods.
This highway was opened in July 1952, Saving in distance between Denver

and Central City is approximately 6 mlles, and traffic counts indicate its
popularity is much greater than expected.

Secondary or Farm-to-Market Roads
Good progress was made in the actual construction of roads, and also in the

development of plans of action by the States and their counties for carrying
out the intent of the Federal legislation.
The tangible progress during the fiscal year is evidenced by more than 11,000

miles of road improved, The standards of construction for these improvements
varied widely. In one western North Dakota county, for example, the emphasis
is on building a limited mileage each year of well-constructed snow-free roads
io serve rural community needs. The prineipal item of construction cost is
the earthnioving to elevate the roadbed so that the wind will sweep the snow off
the road. The surfaeing is principally gravel, which is low in eost sinee gravel
deposits are plentiful. Other counties, sueh as in parts of Oregon and Washing-
ton, do not have the snow-winud problem, but to serve the local economy they
must build ronds to earry the tremendous loads of logging trucks. Here a much
larger proportion of road funds must go into the construetion of bases and
surfaces.
Wide distribution of the benefits of the program in rural areas is an objective

of the Federal legislation. How well this is being accomplished is indicated
by the fact that sinee the program was initiated in 1945, projects have been
completed or initiated in 2,951 of the 3,070 counties in the United States, or
96.4 percent of them. Twwenty-two States have had projects in every county.
Eleven States have had projects in all but one county. And none of the remain-
ing States have had projects in less than SO percent of their counties.
To be eligible for improvement with Federal-aid secondary funds, roads must

first be selected by the State highway department in eooperation with appro-
priate leeal highway officials, and approved by the Bureau for inelusion in the
Federal-aid secondary highway system. At the end of the fiscal year, that system
ineluded 438,033 miles of which about 57 percent were uuder eounty control and
43 pereent were the financial responsibility of the State highway departments.
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The increase in traffic after construction of secondary projects in Texas is
a good indication of how careful selection of potentially important routes for
inclusion in the system, and careful determination of priorities for improve-
inent, provide the greatest service with limited funds. Also indicated is the
care with which standards of construction must be determined to prevent the
building of roads of such low standard that they will be unable to carry the
increased traffic which the improvements induce. The traffic on 234 postwar
Texas Federal-aid secondary projects, totaling approximately 1,700 miles, was
examined to determine the increase in traffic after improvement. The results
are indicated in table 1.

Table 1.—Increase iu traffic on 234 secondary roads in Texas after
improvement

Inerease in traffie

Vehicles per day, before improvement |

First Second Third Fourth
year year year year

Percent Percent Percent Percent
Under 100 107 146 174 255
100-199 57 93 113 128
200-399 - 22 28 41 AT

ATl projects 57 85 103 125

Entire State system 4 27 35 53

Considerable progress also was made in the establishment of secondary road
units in the various State highway departments in accordance with the require-
ments of the 1950 legislation. Section 2 of the 1950 act requires that... “Any
State desiring to avail itself of the benetits of the funds apportioned for expendi-
ture on the Federal-aid secondary bighway system shall establish in its State
highway department within six months after the close of the next regular
session of its legislature, a secondary road unit and such department shall be
suitably organized to discharge to the satisfaction of the Secretary of Commerce,
the duties herein required ...” The primary responsibility of a secondary road
unit in a State is that of establishing and maintaining cooperation between the
State highway department and the counties in the selection of extensions and
additions to the Federal-aid secondary highway system, in the selection of proj-
ects and determination of the specifications for the improvement of projects, and
in the supervision of the construction and maintenance of such projects. Some
States already had units in operation before enactment of the 1950 legislation.
Others had authority under existing statutes to set wp units by administrative
action, while still others have found it necessary to obtain legislative authority
for establishing a unit.
The organization plans submitted to the Bureau by the States were examined

for compatibility with the over-all objective, which was to assure the same
degree of technical and administrative competence in the construction and
maintenance of secondary reads as is obtained on the State highway system, and
as a means to that end, to bring abont the development of self-sufficient county
engineering organizations able to assume full responsibility in a continuing long-
range program. At the end of tbe fiscal year, approval had been given to the
organizational plans submitted by 36 States and Hawaii. Approval in three
States and Puerto Rico was awaiting additional information. Approval in nine
other States was pending.
Throughout the secondary road program the Bureau has depended on a board

of county consultants for advice and counsel in administrative matters, particu-
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larly affecting the counties, The board, since 1946, has been composed of 10
county engineers, one from each of the operating divistous of the Bureau. The
counsel of the board members is regarded highly and the board is being contimued,

Activities as Claimant Agency Under Controlled Materials Plan
The functions of the Burean as claimant agency for highways wider the

Controlled Materials Plan were confined throughout the fiscal year. The
Bureau's jurisdiction wider the delegation of authority from the Defense Pre-
duction Administration and fhe National Production Authority covered con-
struction and maintenance of all rural and urban highways, streets, highway
equipment, repair shops, bridges, tunnels, toll-read facilities, appurtenant instal-
lations, and publicly owned parking facilities incident to a highway or street,
regardless of financing and regardless of whether they are under the supervision
of a Federal, State, or lueal government agency or a special commission. ‘he
delegation of authority has been interpreted to cover also traffic-signal installa-
tions and publicly owned street-lighting systems, although these items are not
specifically mentioned.
The principal functions of the Bureau as claimant agency were as follows:
1, Assembled and presented to the Defense Production Administration the

estimated requirements by calendar quarters of controlled materials (steel,
copper, and atnninum) for highway purposes; analyzed construction plans of
operatious and timing of work on specific large projects to assure that various
segments of the project’ would be ready to receive and utilize steel in the cal-
endar quarter for which requirements were submitted; established policies
regarding construction planning and timing for steel purposes.

2. Advocated these estimated requirements before the Defense Production
Administration by means of written statements, hearings, and appeals in an
effort to obtain adequate over-all allotments of these materials to meet the
estimated requirements for a minimum essential construction program.

3. After the over-all allotment for a quarter and advance tentative author-
izations for subsequent quarters were received, established quotas for each
State and Territory based on the essentiality of the requirements submitted.
4. Received and reviewed applications from the States, counties, cities, toll

authorities, nnd other highway agencies for authority to commence construction
and for allotments of controlled materials for individual projects.

5. After considering the applications and relative esseutiality and urgency
of the proposed projects, determined the particular projects for which the
available steel, copper, and alnminum should be allotted, ind then authorized
commencement of construction and issued aHotments accordingly.

6. Granted the right to nse D. O. priority ratings to assist in procurement
of scarce materials, other than the three controlled materials, needed in con-
struction work.

%. Adjusted quarterly quotas among the States from time to time to conform
to changing needs as they developed.

8. Obtained priority ratings from the National Production Authority to assist
eontractors and public agencies in procuring the equipment units they required
to perform highway construction and maintenauce work.

9. Consulted with aud advised various committees and representatives of the
Defense Production Administration, National Production Authority, the other
claimant agencies, and industry relative to regulations and procedures as they
affected highway work.

10, Advised applicants and other interested parties regarding required pro-
cedures, interpretation and applicability of regulations, reasons for delays, and
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best solutions of other problems involved in obtaining the desired allotments
of materials and authority to commence construction.
In the exercise of its Gaimant agency functions the Burean enlisted the aid

of the State highway departments. At the request of the Bureau the State
highway departments dealt with counties, cities, authorities, und special
commissions to ascertain their estimated requirements; made the original
screening of propused projects to eliminate those not conforming to established
criteria of essentiality; and submitted recommendations as to how the limited
allotments of controlled materials should be distributed among all the eligible
projects within the State. In all operations of the Bureau and the State high-
way departments, special care was taken that the needs of city, county, other
local highway departments, and special commissions were appropriately presented
to the Defense Production Adiministration and given full consideration in
allotment of steel to projects.
Since the over-all allotments of controlled materials for highway purposes

were inadequate to meet the requirements for all essential projects, it was
necessary for the Bureau and the respective State highway departments to
investigate thoroughly each proposed project to determine its requirements and
relative importance and urgency. Furthermore, in order to check on the
justification for requested priority ratings to assist in procurement of construc-
tion and majutennnce equipment, it was necessary to check the equipment in-
ventories and needs of the hundreds vf contractors aud public highway agencies
requesting priority ratings. Asa result, the Bureau and State highway depart-
ment engineers had to become intimately aeqnainted with the highway needs and
problems of the counties, cities, toll anthorities, and contractors as well as
with those of the States and Federal governments. The working relations and
mutual understandings that have necessarily been developed throngh these
cooperative efforts will be of inestimable value to all highway organizations in
carrying on thetr respective highway functions in the future.
The evidence that has been assembled and presented in justification of re-

quirements of controled materials for highways has done much to effect greater
recognition of the vital importance to national defense and the civilian economy
of providing for an adequate and continuing program of highway rehabilitation
and improvement. The sufficiency rating system, developed by the Bureau and
State highway departments to indicate by a unmerical rating the sufficiency of
each individual section of highway to provide for traffic requirements, proved
very effective in gaining acceptance of the actuality of highway needs and of
the reliability of the estimates of controlled material requirements for highway
purposes by the DPA requirements conmmittee and numerous other claimant
agencies,
Throughont the fiscal year the controlled materials allotted for highway work

were considerably less than actual requirements for essential projects. This sit-
uation was uggravated by the fact that, even after the necessary allotment was
obtained, it frequently was not possible to find a mill that would accept the rated
order for the steel. Substantial portions of the allotments for the third and
fourth quarters of the 1951 calendar year were lost because of inability to place
the orders and the consequent necessity of revalidating the allotments to later
quarters, thus superimposing these requirements on top of the regular require-
ments for the later quarters.
By the first part of the 1952 calendar year the situation had improved con-

siderably. Less difficulty was encountered in placing orders, and prospects were
bright for increasingly larger steel aHotments for future quarters, with some ex-
vectation that the steel supply might become adequate to permit complete removal
of controls within a few months. Then, in June, Game the general work stoppage
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in the steel industry. Inasmuch as production had not been resumed at the end
of the fiscal year, the ultimate effect on the highway program could not be
appraised.

Highway Improvement Under Direct Supervision of the Bureau
The Burean receives anunnal appropriations for the construeion and tmainte-

nance of the major highways throngh National forests, and performs a large
amount of highway enginecring and constrnuetion supervision for other Federal
agencies, /

The extent to which the Bureau enters inte the highway work of other agencies
varies considerably. In some causes cooperative action under jointly xnpproved
regulations is reqnired by law in the planning of highway systems and programs,
with the Bureau in direet charge of all engineering and construetion work. In
other cases the Bureau acts only as an agent in performing such engineering and
eonstruction supervision as may be requested for specific projeets. In still other
cases the Bureau’s functions are limited to review and approval of the location,
type, and design of the road, and to gencral supervision over the construction
work.
The volne of highway Work performed under direet supervision of the Bureau

during the fiscal year 1952 is indicated by the following items and expenditures:
Forest highways__-_____-_. $13, 728, 649
Park roads and trails 3, 658, 840
Parkways 5, 405, 606
Forest development roads 1, 925, 483
Cooperative work, forest highways (contributions for local
work) 851, O77

Los Alamos road (Atomic Energy Commission) 18, 079
Areo road (Atomie Energy Commission) 679, 656
Roads, bridges, and trails in Alaska:

Tongass forest highway 879, 426
Turnagain Arm - - - S88, 926
Other highways 5, 0838, 635

Bonneville transmission-line access road 180, 180
Bureau of lend management 130, 294

Total 33, 429, 801

Forest highways
Forest highways are those highways within or adjacent to the National

forests that are of primary importance to the State, counties, or nearby com-
munities, and have been selected for inclusion in the designated forest highway
system. The system is largely coincident with the Federal-aid and State high-
way systems, and a considerable mileage coincides with sections of the interstate
system. The total forest highway systein of 23,414 miles includes 12,345 miles
in 12 States of the Western region and Alaska, and 11,069 miles in 26 States of the
Eastern region and Puerto Rico.
The extensive needs for improvement on the forest highway system are

largely reeonstruction. Many sections were constructed some 20 or 80 years
ago to standards satisfactory for that period. These are now obsolete for
present-day traftic and long ago reached the end of their economic life. It is
necessary to reconstruct these highways to standards comparable with those
of connecting and adjacent interstate, State, and county improvements.
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During the fiscal year, 353 miles were completed by the Bureau at a cost of
$12,668,519 of which $11,618,206 was Federal funds. This is shown in table 17
of the appendix, which also gives corresponding figures for projects programed,
authorized, aud under construction at the close of the fiscal year.
Along with construction operations, surveys were conducted on an extensive

inileage of roads, and plans and specifications were prepared. Plans were com-

pleted to fully absorb forest highway funds available for the next fiscal year.
Some typical forest highway improvements are described below.

Yellowstone Trail—The 84-mile Yellowstone Trail, Montana forest highway
route 8, is a part of the primary State highway system of Montana and is on the
National System ef Interstate Highways. The route extends from Lookout Pass
(elevation 4,738 feet), on the Idaho-Montana line, through mountainous terrain
toa point near Missoula. Snowfall on Lookout Pass reaches a depth of 10 feet,
hat the route is toe most important east-west transcontinental highway crossing
the northern tier uf States, and it is kept open for winter traffic. A 12-mile re-
location completed during the year, eliminated a hazardous section of highway,
known as the “Camel’s Hump” that has heen a source of nervous strain to tourists
und a serious concern to State maintenance forces. Another 4.5-mile section was
under construction. Over 2 miles of railroad track were to be moved to obtain a
location meeting interstate highway system standards.

Pacific Highiway—Originally completed in 1923, the 11-mile Oregon forest
highway route 15, which is ou the interstate system in Oregon, has been one
of the most substandard sections of the Pacific Highway (U 8 99), which car-
vies the bulk of north-south Pacific coast traffic. Reconstruction to modern
standards adequate for the 4,000 vehicles using the route daily was coordinated
with similar work by the State in the improvement of the Pacific Highway south
from Eugene. Completiou of the improvement of the forest highway route
during the year was a major step in the improvement of the Pacific Highway
in southern Oregon. The highway traverses rugged terrain and a third lane
for the use of heavy vehicles on steep adverse grades, and four lanes over sun-
mits, were considered necessary. This construction proved very satisfactory
in handling the mixed traffic using this route. Another unusual feature was
the installation of 10 reinforced-concrete-arch culverts of 20-foot span with
flared inlets. These are the Jargest culverts yet built with flared inlets. Ap-
plication of this new flared inlet design to increase the capacity resulted in a
saviug in cost.

Alamogordo-Cloudcroft—New Mexico forest highway route 35 is a section
of one of the most important east-west highways in southern New Mexico.
1t connects U 8 highways 54 and 285. The 13-mile section has been under con-
struction for the past 6 years. Passing through a high, scenic, mountainous
country, the road serves an important recreational need and gives access to the
nlost produetive timber area in the State. It also serves a very productive fruit
area in the vicinity of Cloudcroft. At one place on the route there is a 450-foot
tunnel. Completion of 7144 miles of bituininous surfacing placed this highway
in a wuch improved condition.
Moran-Yellowstone—For many years Wyoming forest highway route 3, the

25-mile approach road to Yellowstone National Park from Moran, Wyo., has
heen a serious bottleneck for the heavy volume of seasonal traffic visiting Yellow-
stone and Grand Teton National Parks. Intensive construction efforts during
the past few years have brought this road wp to modern standards. It now
coustitutes one of the most scenic and comfortable drives in the National park
area. During the 90-day park season it serves a volume of traffic of some 1,200
to 1,500 vehicles per day.
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National park highways, park approach roads, and parkways
The Burean cooperates with the Natioual Park Service of the Departinent of

the Lnterior in the improvement of highways within or approaching Natbonal
purks and niounments, and parkways specifically designated by legislation. The
Bureau collaborates with the Park Service in developing pragrains and ils engi-
neers luake sirveys, prepare plaus, aud supervise construction,
During the fiscal year, 108 miles of park highways and parkways were cour

pleted, and 199 miles were wader consirnuction al the end of the year. Typical
improvements are described helow,

North Bulrance-Rio Grande, Big Bend National Park —During the past 5 years
some 18 miles of the approximately 140-mile primary road system in Big Bend
National Park fn Texas liave heen improved under Bureau supervision, ‘his
is a new park along the Rio Grande River in southwestern Texas and, for the
most part, it has been served by very primitive rends and trails, This initial
improvement primarily furnishes suitable access to the new Vark Service head-
quarters and improves travel conditions to some of the seenie features, Mineh

more road improvement is necessary to fully develop and serve the park aren.

Ballimore-Washington Parkiway—The Federal Government is Ivilding as a

parkway 18.5 miles—approximately half the total length—of a new highway
from Baltimore to Washington. The Federal funds are administered coopera-
tively with the National Park Service.
Grading had been completed for 6 miles in previons years and an additional

3.5 niles were nearing completion. There were 12 bridges under construction,
8 of which were let to contract during the year,
The parkway was designed by the Bureau for safe and rapid movement of

large numbers of vehicles through a pleasing roadside appropriate asx an ap-
proach to the National Capital.
Blue Ridge Parkicay—The Blue Ridge Parkway in Virginia and North Caro-

lina, some 47S miles in length, was started in 1935. Paving has been completed
on 296 miles; stone or gravel base course has heen completed on 14.7 miles; 2.5
miles have been bituminous surface-treated; 6.0 miles have been graded. Under
construction or nearing completion were 5.0 miles of grading and hase course
and 49.0 miles of paving. Grading was still to be done on 131 miles. During
the year a 21-mile section near the Peaks of Otter in Virginian was paved and
a 6-mile section in North Carelina was graded and surfaced.

Natehes Trace Parkicay.—The 450-mile Natchez Trace Parkway, located ap-
proximately on the historic route of the sume name, extending through Tennes-
see, Alabama, and Mississippi, was begun in 19387.

Paying had been completed on 63 miles, 86 miles had been improved in some
degree but not paved, and no work had yet been undertaken on 291 miles. Pur-
ing the year, 19 miles of paving were completed in Mississippi and 7 miles of
grading were nearly completed,

Forest development roads and main roads through public lands

Forest development reads are the roads within the National forests that are
of primary importance for the protection, administration, and integration of
the forests. The Bureau, when requested, supervises their improvement. Dur-
ing the fiscal year, 12 miles were completed and G2 miles were placed under con-

struction, including several major bridges.
Three miles of main rond through public lands were completed with funds

provided particularly for this class of work.
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Access roads to defense establishments

Legislation of 1950, as amended in 1951, authorized $45 million for access
roads to reservations of the armed forces, to defense industries, and to sources
of raw materials. Legislation of 1952 authorized an additional $50 million for
the same purposes. The law required that improvements undertaken be certi-
fied as important to the national defense by the Secretary of Defense or such
other official as the President might designate.
By the end of the fiscal year, $26.5 million had been appropriated, all of which

had been committed to specifie projects by March 1952, except for a sum reserved
for preliminary engineering and contingencies. At the end of the fiscal year,
97 certified projects had been coinpletely financed, 4 projects had been partially
financed, and preliminary engineering had been financed for 26 other certified
projects. However, there was an accumulation of 41 certified projects estimated
to cost $11,447,493 for which funds were not available. There were 43 additional
projects proposed, for which investigation by the Bureau had disclosed apparent
justification for improvement under the access-road program, These projects
were being considered for certification by appropriate agencies. It certified,
they would require $6,862,948. In addition, conditions at 131 defense installa-
tions were being investigated by the Bureau on specific request of certifying
agencies which believed access-road deficiencies to be such as to warrant
improvement,
All investigations of access-road deficiencies undertaken were initiated by

formal requests of certifying agencies. Lligible roads are generally those needed
to serve new defense traffic of temporary duration ior the period of the emer-
gency. The access-road funds are applied only on work that cannot be financed
appropriately by regular Federal-aid and other funds.
Of 101 certified projects where construction work has been financed, 16 proj-

ects serve Army installations, 14 serve Navy installations, 15 serve Air Force
installations. Atomic Energy Commission installations are served by 9 projects,
13 serve uranium mines, and 34 serve other mines producing critical and stra-
tegic minerals and metals such as tungsten, cobalt, and fluorspar,
The larger access-road projects are constructed by contract. For haul roads

into many of the isolated mining areas, construction payments sometimes are
made at an hourly rate for fully operated equipment such as bulldozers, tractors,
and graders, or other units suitable to the construction requirements. This
method has proved quite satisfactory in getting such roads constructed without
delay, since it obviates surveys, preparation of plans, and other time-consuming
preliminaries. Typical defense access projects are described below.

Blackbird Mine.—The Blackbird Mine access road in Custer and Lemhi
Counties, Idaho, involves the improvement of 46 miles of road to the Blackbird
Mine by widening to two lanes and surfacing with gravel. This mine is the
only known workable deposit of cobalt in North America. Cobalt is important
to the defense effort because of its use in electronics and in the manufacture
of jet-propulsion engines and tools for cutting metal. The most powerful
magnets are made from an alloy of cobalt, nickel, and aluminum. Construction
of the road was well under way at the end of the year.
Meyers Cove-Simplot Mine.—Improvement of the Meyers Cove-Simplot Mine

road in Lemhi County, Idaho, involves the widening and gravel surfacing of 16
miles of an inadequate single-lane road. This mine has an order for 30,000
tons of fluorspar concentrate from the emergency procurement service of the
General Services Administration, This mineral is used as a flux. The road
was about 35 percent complete at the end of the year.
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Construction in Alaska
The Bureau, in cooperation with the Alaska Road Comission of the Te.

partment of the Interior, has been constructing a systein of modern highways in
Alaska since 1948. ‘This system, when completed, will conneet, Fairbanks in

the interior of Alaska with seaports and the Canadian lighway system,
The major portion of the work has heen finuneed with Department of fiterior

funds, Part has been perforined by the Alaska Road Cominission either by
contract or by its own forces. At the request of the Alaska Road Commission,
however, most of the engineering and construction supervision has been done

by the Burean., A portion of the construction is on the highway system in the
National foresis aud is performed by the Bureau using regular and special
forest highway funds.

‘onstruction of the Turnagain Arin section of the Seward-Anchorage high-
wiy was started in 1948 under an agreement with the Alaska Roud Commission.
Contracts for grading and drainage structures were awarded in the amount of

$7,194,058, and the entire 47 miles of construction were completed in the 1950
and 1951 construction seasous. A contract was awarded late in 1951 for bitn-
minous paving of a 33-mile section at a cost of $1,027,144. Completion was
scheduled for the fall of 1952.
A 55-mile section of the highway from Seward is being constructed by the

3ureau at the request of the Alaska Road Commission under an appropriation
of $7.5 million for this purpose. Contract work totaling $6,358,000 is under
way. Construction was originally scheduled for completion in the calendar
year 1051, but unusually adverse weather retarded the work. At the end of the
fiscal year the work was 90 percent complete. Following completion of the
srading work, a contract is to be let for bituminous paving. This work is
scheduled for completion in 1953, at which time the entire 130-mile length of
the highway from Seward to Anchorage is expected to be completed.
The extensive program of road improvements in the interior of Alaska was

being continued by the Bureau under agreements with the Alaska Road Com-
mission. The work included survey, design, and preparation of plans for 618
miles of highway, and supervision of reconstruction and bituminous surfacing
of 301 miles of the Glenn, Richardson, and Alaska Highways. Work has been

completed on 212 miles at a final cost of $9,042,611. A 52-mile section of the
Alaska Highway was being surfaced with bituminous material and was 40

percent complete at the end of the fiscal year. The contract amount for this
work is $1,884,391. Reconstruction of a section of the Richardson Highway,
involving 88 miles of grading and 21 miles of bituminous paving, was under
contract for $1,771,091 and was 50 pereent complete. Both of these projects
were scheduled for completion before the end of the 1952 construction season,
Plans and specifications were being prepared for the remaining 94 miles of

the Alaska Highway in Alaska that had not previously been given a bituminous
surface.
The total amount of contracts awarded to the end of the fiscal year on the

Seward-Anchorage highway and for work in interior Alaska was $26,967 451.

A separate authorization in 1950 legislation made available $7 million for
survey, construction, reeonstruction, and maintenance of specific projects in and
adjacent to the Tongass National Forest in southeastern Alaska. The growth
of a wood pulp industry in the area made this work neeessary.
A contract in the amount of $1,939,350 for reconstruction of 7 miles of the

Tongass Highway at Ketchikan was awarded late in 1951, and at the close
of this fiscal year work was 40 percent complete This is the largest contract
involved in the improvement of the highway system in the area.
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Two projects are under way in the Juneau area and one at Sitka. The
work includes 5.6 miles of grading and drainage structures including one major
structure and 5.2 miles of bituminous paving. These three projects are covered
by contracts aggregating $1,338,892.

Access roads to lands supervised by the Department of the Interior
The Bureau prepared plans and was supervising construction of roads to serve

areas in California and Oregon under the supervision of the Bureau of Land
Management, Department of the Interior. A system of roads has been planned
as a long-range development program to be financed through authorization of
funds to the Department of the Interior. At the end of the year, work to cost
$788,000 was under way,

Roads for the Atomic Energy Commission

The Burean has entered into an agreement with the Atomic Energy Commis-
sion nnder which it is to make surveys, prepare plans, and supervise the construc-
tion of extensive highway improvement in connection with atomic energy
development.
This work is financed with funds appropriated by Congress to the Atomic

Energy Commission and transferred to the Bureau of Public Roads for individ-
ual projects. Active construction operations to cost $223,000 were under way.

Joint Planning of Location of Highways and Airports
Joint planning of the location of new airports and the expansion of existing

ones, together with the planning of the location of the adjacent highways, has
for several years bee carried on by the the Burean and the Civil Aeronautics
Administration, aided by the highway departments and aeronautic commissions
of the States. The results have been gratifying.
This activity began in compliance with the requirements of the Federal-aid

Highway Act of 1944. Under the terms of this act, Federal funds may be used
for the reconstruction or relocation of highways on the Federal-aid systems which
give access to airports, provided the Burean and the State highway departments
have coneurred with officials in charge of the airport that the proposed airport
and highway improvements are in the public interest.
A principal purpose is the avoidance of waste of funds for highway and air-

port construction arising from a failure to anticipate the effect of the location
of each upon the other.
The importance of assuring minimum safety standards of airport approaches

was emphasized in the recent report of the President’s Airport Commission,
The Airport and its Neighbors. The Burean of Public Roads has been fully
aware of the problem as it affects highways. and has been diligent in its efforts
to promulgate suitable minimum design standards—applicable both to the highway
and the airport—and in enforcing such requirements.
The Bureau and the Civil Aeronautics Administration are conducting joint

studies to ascertain the adequacy of existing highway facilities between the
business districts of major cities and the airports serving those cities, as well
as to determine the measures which can be taken to accelerate the movement of
vehicular traffic between those termini if the studies indicate that existing
highway facilities are inadequate.

Aerial Survey for Mississippi River Parkway
The Burean, in cooperation with the National Park Service of the Department

of the Interior, completed a study and repurted to Congress on the feasibility
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of a parkway along the Mississippi River froi its headwaters to the Gulf of
Mexico. Such study and report was directed by legislation approved Angust
24,1949, which appropriated $250,000 for ihe purpose.
The survey was notable heenuse oF the compiexity of the problem preseuted,

Selection of alternative routes required a delailed knowledge of a baud of
topogruplly 15 to more than 25 miles wide on cach side of Lhe river for a distance
of 2,552 miles. Data had to be obtained on every factor affecting the location
of 2 parkway such as lopogruply, scenic views, historic spots, locations of
cities, towns, and villages, agricultural development, streain crossings, existing
highways, soll couditions, road wmateriads, and Tocation of levees,
With nearly 10,000 miles of feasible alternate routes to be examined within

a short time and pennissible expenditure limited fo $25 per inile, it was decided
to use aerial photography, Uhe most modern inethod of highway reconnaissance,
Over 22,000 aerial photographs were taken, With these photographs in Inad,
the possible routes were eXanlined in the field by engineers and other purkway
planners. Notes were taken to supplement the information on the photographs,
Examination of the photographs in the office with a stercoscope und other

equipment gave to the engineers a view of each mile as good as would have been
cbtained had they had a imagie carpet on which to travel and which could be made
to hover over any selected spot. There was the important advantage that dis-
tnnces, elevations, nnd grades could be determined with acceptable accurucy.
Examination of pairs of pictures with a stereoscope is much superior to study
of the ordinary siugle picture since elevations and depressions stand out as

clearly as they do when one looks at a landscape. It was possible to lucate
routes on the photographs and make preliminary estimates of cost with an
expenditure of time and money far below that necessary had older methods
been used.
There are many highway projects where use of aerial-survey methods in

making preliminary surveys will give superior results and make possible large
savings over the older ground-survey methods, <Aeria]) surveys do not obviate
the necessity for a final ground survey but they greatly simplify the steps
leading up to it. Use of aerial surveys has been growing and should continue
to increase in the future.
The report to Congress on a Mississippi River Parkway discussed a number

of alternative routes. The estimated cost of a parkway throughout the length
of the river, whether on its east or west bank south of St. Paul, was $770 million.
An estimate was also made of the cost of each of two routes which would utilize
the better parts of existing highways joined by sections on new location. <A

2,000-mile parkway on one of these routes was estimated to cost $560 million.
it contained about 60 percent of existing roads, 1,000 miles of which were on
the Federal-aid primary highway system, about 250 miles not on the system, the
remainder to be on new location. <A 1,970-mile parkway on the other of these
routes was estimated to cost $510 milion, It contained about 75 percent of exist-
ing roads, 1,200 miles of which were on the Federal-aid primary highway system,
about 250 miles not on the system, the remainder to be on new location.

Under the recommended plan, the route for the parkway would be selected

couperatively by the States along the river. Such a route would utilize exist-
ing highways wherever they are in satisfactory position. Connecting sections
on new location woukl be selected at places where marked improvement could
be obtained with better possibilities of parkway developnrent, including greater
scenic and historic interest, and recreational possibilities. The developinent of
the project would be undertaken by the highway departments within the frame-
work of the present Federal Highway Act with certain additions designed to

accomplish a parkway development.
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Repair of War-Damaged Highways

Activity in counection with the repair of war-damaged roads, as authorized
by the Defense Highway Act of 1941, was largely completed in previous years.
A total of 294 claims for the repair of 6,254 miles of roads, in the amount of
$10,717,896 have been approved, funds appropriated, and payment made. The
payment of these last claims completed the activity resulting from World War
Il.
Public Law 177, approved October 16, 1951, authorized expenditures of defense

access-road funds for road reconstruction, maintenance, and repair in certified
maneuver areas. No clains under that act were received.

Repair of Flood-Damaged Roads

For many years it has been the policy of the Federal Government to aid the
States in the repair or reconstruction of highways and bridges damaged or

destroyed by floods and other disasters of extraordinary character and extent.
In recent years such aid has been available under authorizations permitting
the use of available emergency relief funds without waiting for legislative
action following each disaster. Legislation of 1951 authorized $15 million for
this purpose and limited its nse to routes on the Federal-aid highway systems.
The legislation of 1952 established a revolving fund of $10 million annually for
this purpose.
Allocations of emergency relief funds totaling $5,022,681 were made during

the fiscal year to six States, to assist in rehabilitation work estimated te cost

$10 million. Of the total amount of emergency relief funds allocated, $4,666,800
was for the repair of flood damages that occurred during June and July 1951 in
Kansas. Minnesota, Missouri, North Dakota, and West Virginia received the

major portion of the remaining $355,881 of emergency relief funds allocated
during the fiscal year.
During the latter part of the fiscal year, disastrous tioods vccurred in five of

the Midwestern States and in Montana and Utah. Six of these States have
notified the Bureau of their intention to request allocations of emergency
relief funds, aud steps were taken to cooperate on rehabilitation work.

Hawaii War and Emergency Damage Program
A Federal fund of $10 million was authorized in 1947 for rehabilitation or

repair of roads and bridges in Hawaii damaged by the armed services or by
their contractors, and fur the resturation or reconstruction of highways and

bridges damaged or destroyed by seismic waves in April 1946.
The Territory was required to match Federal funds to the extent required

by the Commissioner of Public Roads. On work resulting from damage caused

by the seismic wave, the Territory has been required to make a contribution
equal to that of the Federal Government.
By the end of the fiscal year, programs had been approved for war-damaged

highways costing $3,416,560 in Federal funds and for seismic wave-damaged
highways costing $6,398,745 in Federal funds. The total cost of the work,
including matching funds, was $16,764,683 which provided for rehabilitation
or repair of 270 miles of roadway and bridges.
The program was in its last stage. Completed projects totaled 257 miles, of

which 7 miles were completed during the year. Five miles were under
construction and 8 miles were still to be placed under construction.
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The Inter-American Highway
The Inter-American Jlighway is that section of {le Pan American Highway

which extends from Nuevo Laredo on our Mexiean border to Paunma City, a

distance of approximately 3,200 miles,
Since 1980 the United States, throngh the Bureau of Public Roads, has been

assisting the Republies of Guatemala, KE) Salvador, Tonduras, Nienuragua, Costa
Rica, and Panama in the construction of the Tnter-Ameriean PHighway. Phe
section of the highway in Mexico has been finaneed and coustrieted entirely
by Mexico.
The Inter-American Highway siill is not passable over its entire Tengdh, In

Mexito it is open and in excellent coudifion over the entire distance to Gaitemala,
but in Guatemala, beginning at the Mexican border, there is an fmpassable
gap of 25 miles. In northern Costa Rica there is also a gap ef about 65 miles,
and in southern Cosia Riea and western Panwua there is another gap of about
150 niles, both of which are impassahle, Among the passable sections are many
which still need further improvement because of inadequate surfaces, sharp
turns, steep grades, and narrow rondway. On the o(ier hand, there are also
many miles of excellent modern highway. Sixty-five percent of the highway
is paved, Another 28 percent is passable at all times, and only 7 percent of
itis impassable at all times.
During the fiscal year, the United States provided an additional $3 million

for the continuation of cooperation with the Central American republics
in constructing the highway.
During the previons year, basic agreements covering matters made mandatory

by legislation were entered into with El Salvador, Nicaragua, Costa Rica, and
Panama. Conditions have prevented such agreements with Guatemala and
Honduras,
In general, the construction on the Inter-American Highway was accelerated

during the past year and planus are being made for a larger construction
prograu in the future.
In Guatemala. it was necessary for the Burean to abandon the work and

remove its offices and personnel,
In FE! Salvador, all the necessary agreements have been made to complete

the Inter-American Highway.
No work was done in Honduras during the fiscal year,
In Nicaragua, construction was started on the most important bridges between

Esteli and the Honduras border. Orders have been placed for the structural
steel and surveys and bridge plans made.
The greatest progress was made in Costa Riea. The work in that country

is being done by the Bureau. Costa Rica is supplying $900,000 of their own
funds on a project estimated to cost about $3 million. During the year, about
30 miles of all-weather road were constructed just south of Las Canas and
additional improvement has been made on the sections between San Ramon
and Esparta and between Cartago and San Isidro,
In Panama, work has been underway on about 25 miles of all-weather road

including five major bridges. This work is being done by a Panamanian con-
tractor. In Central America, highway work is almost universally performed
by the local governments with their own equipment and lahor. The section
of highway in Panama is the first that has been let to contract on a fixed-unit-
price basis under competitive bidding. It is hoped that additional work can
be done under this system.
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Projects other than the Inter-American Highway
The Bureau has continued its technical assistance to El Salvador in construc-

tion of a bridge over the Lempa River at San Marcos. The bridge is nearing
completion.
At the request of Honduras and Nicaragua, the Bureau continued its technical

assistance in planning and constructing their national highway systems.
In Eeuador, assistance was continued in the construction of a highway from

Manta to Quevedo which will form a link in connecting the capital with the new
port of Manta.

Aid to Turkey in Highway Improvement
Highway aid to Turkey is administered through a division office in Ankara

and was initiated in 1947 following a request by the Turkish Government and
formal agreements executed in 1947 and 1948 between that government and
the United States.
Funds for supplying equipment and technical assistance have been pro-

vided, first by allocation of $5 million under Public Law No. 75, Hightieth
Congress, and later by Economic Cooperation Administration loans totaling
$18.5 million. A recently approved loan of $3.5 million by the Mutual Security
Agency brings the total amount that has been made available for equipment
and assistance to $22 million. Funds for the operation of the equipment and
for all other highway activities are provided by the Turkish Government. Ex-
penditure of Turkish funds during the fiscal year ending March 1, 1952, amounted
to the equivalent of $30.5 million. Delivery in Turkey of highway equipment
and tools now amounts to 21,120 tons valued at $16.6 million.
Personnel training, an essential activity at the beginning of the program,

remained undiminished in importance. However, with the arrival of con-
struction machinery in substantial quantities, personnel training shared at-
tention with operational activities such as the survey, design, construction, and
maintenance of highways and the establishment and management of equipment
repair shops. Methods of personnel training were changed, principally by sub-
stitution of on-the-job methods for theoretical classroom instruction. At the
close of the fiscal year, 2,116 persons had received instruction in formal courses.
The organization and management of highway survey and design activities

have been improved as the Turkish engineers have gained experience in the
application of modern methods. An average of 37 location survey parties were
in the field during the year with work concentrated in southern areas during
winter months. Eighteen hundred miles of location survey were completed
during the fiscal year, bringing the total since the beginning of the program
to 4,800 miles. Design and plans for 3,000 miles of highway have been com-
pleted, of which 1,600 miles were produced in the past year.

Continned progress in equipping and training Turkish construction and
maintenance forces is reflected in the increasing mileage of national highway
that has undergone major improvement or has been placed under machine main-
tenance. At the end of the fiscal year approximately 11,250 miles were being
niaintained by machine methods, and the remaining 3,950 miles of the designated
system either were being maintained by hand labor or were ungraded trails
used by pack animals and animal-drawn vehicles. Construction forces improved
837 miles of highway by grading and gravel surfacing, 560 miles by gravel re-

surfacivg, and laid 176 miles of asphalt surface during the year.
Gratifying results coutinue to attend the efforts to encourage a highway con-

tracting industry and thus obtain the advantages of competitive bidding and
efficient management. During the year 175 miles of highway were constructed
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by contract. Contracts were in force at the close of the year for coustruction
of 324 miles.

Uaprovements to main routes of the National TWighway System lave resulted
in wider distribution of goods und in bringing production confers closer to
consumers, Savings in transportation cost hive had an inevitable effect on
the cost of commodities. Improved transport las gready inereased the potential
strength of the country for defense. Lowered bus operating costs resulting
from highway improvements have brought about a nuked increase in’ the
social und recreational travel of a people inherently partial to mobility, Regis-
tration of motor vehicles increased 124 percent from 1947 to the end of 1951.
Thustrative of the economically favorable changes in transportation costs and

in travel time that have occurred in the past three years, and that properly mnay
be attributed to the iinprovement in highway facilities effected during that period,
are the following examples for reutes radiating from Ankara. Istanbul, Kayseri,
and Zonguldak are now reached from Ankara in slightly more than half the
time formerly required. Freight rates have been redueed by 71, 38, and 66
percent, respectively, and passenger rates by 40, 17, and 46 percent.
Turkish officials express a high regard for the equipment and methods intro-

duced.

Other Foreign Activities
Ethiopia
During the previous fiscal year an advisory mission of Bureau technical

personnel arrived in Ethiopia to supervise equipping, training. and organizing
an Ethiopian Imperial Highway Authority and assisted it in the work of restoring
the highway system.
During the year considerable progress was made in advancing the program.

Equipment and personnel were provided in quantity sufficient to complete
approximately 20 percent of the contemplated initial program. All of the prin-
cipal highways were reopened to traffic. Previously they were impassable
except for a few months of the dry season when travel was possible though
with difficulty and numerous delays. Traffic increased in volume and travel
time decreased generally.
Efforts were directed mainly to establishment of staff and working procedures,

aequisition of equipment and its placement on jobs, so as to open all main
roads to travel for their entire length. When the roads were opened, attention
was turned to placement of additional surfacing and base course material,
and patching of the bituminous surfacing where it could be salvaged in order
to further improve the facility of transport. Plans were made for improvement
of a system of roads reaching out into areas of great agricultural potential.
There are a number of areas of great promise that have not been developed
because the only transport available has been by pack animals over trails.
As a result of the program, products began to move over highways in greater

volume and areas were being put into agricultural production where formerly
there was no activity because of inaccessibility.

Liberia
A program of economic development in the Republic of Liberia, with assistance

from the United States, progressed to the action stage. Cooperation under the
Point Four program is administered by a Joint Liberian-United States Commis-
sion for Economic Development. The Bureau is acting in an advisory capacity
to the Trausportation Section of the Liberian Department of Public Works. The
Bureau also acts as consultant to the Export-Import Bank of Washington in
adininistering a $5 milion loan for highway development.
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Liberia earmarked approximately $263,000 for highways in 1952. The United
States budgeted $36,956 during fiscal year 1952 and $207,414 has been requested
for the fiscal year 1953 for highways. Under Point Four policy practically all
of the United States funds are tor salaries and expenses of personnel. Three
engineers and two equipment specialists arrived in Liberia between January
and July 1952.
Liberia has one principal highway through the country, approximately 300

miles in length, from its only modern deep-water port at Monrovia to the French
Guinea border, and a number of widely scattered and for the most part wncon-
nected short sections of unimproved roads. The Government has no highway
department, All road work, chiefly maintenance, is supervised by the chief engi-
neer of the Department of Public Works and Utilities, with a very few assistants.
Two short location surveys were made and plans prepared. A highway pro-

gram, which includes 371 miles of location surveys, 193 miles of construction,
and replacement of small bridges, has been prepared and submitted to the
Export-Import Bank. It is planned to purchase construction equipment, and
to construct and equip a modern cquipment depot and highway office comparable
to that of a small State highway departinent.
Liberia plans to contribute $1,325,860 of current revenues to the program. It

is estimated that completion of this initial program will require about three
years, during which time on-the-job training of Liberian students will be given
special attention.

Philippine highways
The program of rehabilitation of war-damaged bridges and highways in the

Philippines has been brought to a conclusion. This program was authorized
by the Philippine Rehabilitation Act of 1946, and $39,488,455 was provided for
work to be done in cooperation with the Philippine Government.
The entire program resulted in the construction or repair of 263 major bridges,

construction of 384 miles of roads and streets, procurement from the United
States of large quantities of supplies and equipment, special training of 238
Filipino engineers, establishment of a materials laboratory, and development of
a plan for future highway improvement.
At the beginning of the fiscal year, only 70 projects remained uncompleted,

©

and they were substantially completed at the end of the year. Some work
remained to be done on 10 projects. The Philippine Government will under-
take completion of these.
The work completed has been of great value in the economic recovery of the

islands. Highway transport has been increased enormously. The stimulation
of highway use and the training in highway work will undoubtedly yield divi-
dends in the period ahead.
Last year it was reported thai the Bureau had accepted responsibility for a

Philippine highway development program under the auspices of the Economic
Cooperation Administration, and that $3 million had been set aside for con-
struction of roads in backward areas. During the year this work was placed
under the general direction of the Mutual Security Agency and the allocation
increased to $5,990,000. A staff of 10 or 15 Bureau men will remain in the islands
to assist in earrying on the work.

Point Four program
Assignment of technical personnel of the Bureau to assist in the work of the

Technical Cooperation Administration (Point Four program) was discussed with
interested officials. This program is aimed particularly at agricultural develop-
ment. In practically every country highway improvement is a prerequisite to
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greater production of either goods or crops. Production is of little value where
there is great difficulty in distribution, Preliminary study was made in Tragq
and in Trans-Jordan, There was discussion of proposed operations ln India,
Pakistan, Israel, Iran, Paraguay, Pern, Cuba, and Colombian,

Foreign Visitors

During the year, over 220 engineers from more than 51 countries came to
the Bureau for assistance in studying American highway practice. The third
annual course on the theory and practice of highway improvement and utiliza-
tion in the United States, begun in the previous fiscal year, was compicted on
September 7, 1951, with participation of 49 delegates frum 26 countries. The
fourth annnal course started on May 19, 1952, with 44 delegates from 27 coun-
tries and will be completed on September 5, 1952. These courses provide a pro-
gram of 16 weeks duration of which S weeks are devoted to study and observa-
tion of construction and maintenance practices in the field, and 8 weeks to study
and discussion in Washington.
Included among the delegates to the 1952 course were eight who received grauts

under the Point Four prograin; eleven were sponsored by the Mutual Security
Agency; two had United Nations fellowships; and une was a gruntee under Public
Law No. 265. The reinaining 22 delegates were sponsored by their own
governments.
During the year, 12-month training programs begun in the previous fiscal

year were completed for a group of 24 Turkish engineers under the sponsor-
ship of the Economie Cooperation Administration (now Mutual Security
Agency). A new Mutual Security Agency training project including 20 Turkish
engineers for a 9-month period, was started during the year.
A short, intensive program of training and observation for a group of 13

French engineers, lasting approximately 7 weeks, was earried out following
completion of the 1951 highway course. This group was also sponsored by the
Mutual Seeurity Agency.
Additional formal programs of study were provided for four recipients of

Point Four grants, one Mutual Security Ageney sponsored trainee, and one under
a United Nations fellowship. Altogether, programs of study, observation, and
work for periods of time from 6 or 7 weeks to a full year were arranged for a
total of 156 foreign nationals. In addition to the formal programs of instrue-
tion and training, 65 engineers from other countries were assisted for periods
of time ranging from an hour or two, up to about 6 months.
Cooperation of the various State highway departments in providing oppor-

tunities for observation, study, and actual work has contributed greatly to the
value of the program.

Calendar of Courses of Instruction in Highway Engineering
Throughout the period of modern highway development, methods, procedures,

and techniques have been developed that were entirely new to most engineers
busy with their regular work of construction and maintenance. Highway mag-
azines and papers presented at society meetings have been helpful in keeping
them posted, but actual training by experts, in particulur fields, is by far the
best method of introducing new methods and practices. Subjects in which there
has been special need for training include soil science, aerinl surveying, traffic
surveys, and highway drainage. The Bureau has been active in conducting
training courses for engineers of highway organizations of the United States
and other countries, as indieated by the following tabulation.
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CALENDAR OF TRAINING COURSES DURING FISCAL YEAR
ENDING JUNE 30, 1952

July {June 30—The Bureau continued its program of recruitment
of selected young engineers, giving them 3 years of instruction in high-
way engineering and adniinistration through on-the-job training after
which they will be placed in regular positions. During the year 26
young engineers were appointed. They reported to field offices and
were assigned to survey, design, and construction work for the entire
year. Other trainees appointed in the two preceding fiscal years were
receiving instruction in Washington and in the field.
July 1-September 7.—Completed general training course begun on May

21,1951. Field trips and instruction in Washington. Attended by 49
delegates from 26 countries.
September 10-Oetober 10.—General training course for 4 Colombian

engineers.
Septenber 20-21.—Course in development of facts for use in highway

planning at meeting of Western Association of State Highway Officials
in San Francisco, Calif. Attended by highway officials of 11 western
States.
October 3-5.—Course in highway drainage at St. Paul, Minn. Attended

by 34 engineers of the Bureau and State highway departments of Minne-
sota, Iowa, and Nebraska.

October 8-November 21.—General training course in Washington for
18 French engineers sponsored by Mutual Security Agency.
November 13-15.—Course in highway drainage at Wisconsin Rapids,

Wis. Attended by 20 State and Bureau engineers.
December 12-14.—Course in highway drainage at Pierre, S. Dak. At-

tended by 56 State and Bureau engineers.
January 14-18—Course in highway drainage at Madison, Wis.

Attended by 9 Bureau engineers.
January 27 and 30.—Course in estimating probable traffic on proposed

expressways at traffic engineering conference of University of California
at Berkeley and Los Angeles, Calif. Attended by traffic engineers of
California and adjacent States.
February 5-7. Course in highway drainage at Bismarck, N. Dak. At-

tended by 29 engineers of various highway agencies.
Barch 20-21—Course in development of highway safety programs

as part of Michigan highway safety seminar at Lansing, Mich. Attended
by State, county, and city highway officials.
April 1-3—Course in weighing vehicles in motion with electronic

equipment as part of Ohio highway engineering conference at Columbus,
Ohio, sponsored by University of Ohio and Ohio State Highway Depart-
ment. Attended by State, county, and city highway officials.
April 16-18—Course in determination of highway capacity as part of

University of Tennessee highway conference at Knoxville, Tenn. At-
tended by State, county, and city highway officials.
Alay 19-June 30.—Started general training course to continue to Sep-

tember 5, 1952. Field trips and instruction in Washington. Attended
by 45 delegates from 27 countries.
June 2-6.—Course in aerial survey methods at Raleigh, N. C. At-

tended by 34 State and Bureau engineers.
At various times individual instruction was given in aerial survey

methods to 33 engineers for periods ranging from 1 to 20 days.
Individual training programs in the field and in Washington for 39
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Turkish engineers sponsored by Mutual Security Agency. For invest of
the engineers the (raining period was 1 year and was partly in the pre-
ceding siseal year.

The President’s Highway Safety Conference
The deatlis, injuries, and great property damage resulding from metor-vehicle

travel continued (o be a big problem for all who desigu, build, and regulate
the use of highways. Safety was a primary consideration in Che location aud

design of every Pederal-aid project. Much Bureau research was directed to
determination of facts to be applied in making all new highwiys as safe as it
is possible to make them.
There ure many o(ier aspects of the safety problem and the Bureau was

required by legislation “fo assist in carrying out the action program of the
President’s Highway Safety Conference and to cooperate with the State high-
way departments and other agencies in this program to advance ihe cause of
safety on the streets and highways.” The Seeretary of Commerce became
general chairman of the conference and the Conmnissioner of Public Roads
served as chaimuan of the conference program and planning committee.
The Burean entered into cooperative agreements with four national organiZa-

tions for work in furtherance of the conference action program.
The State and Local Officials National Highway Safety Committee agreed

to condnet an extensive program for coordinating and promoting highway safety
activities among States and connnnnities; to cooperate with the Governors’
Conference in its program of highway transport; to assist in expediting highway
movements, particularly those relating to the defense effort; and to determine
the need for new traftic-safety legislation.
The National Academy of Sciences undertook to develop a national program

for highway safety research and for the coordination of the work of research
agencies in this program.
The American Bar Association undertook furtherance of traffic conrt improve-

ment phases of the action program and to «evelop an authoritative guide for
the organization of a system of State-wide courts, particularly rural courts, for
handling traffic cases more effectively.
The American Association of Motor Vehicle Administrators agreed to promote

adoption by the States of sound policies and procedures in motor-vehicle ad-
ministration, with special attention given to driver licensing, vehicle inspection,
and other regulatory measures affecting highway safety.
The conference prepared for a tremendous step-up in the entire safety program.

Motor-vehicle travel increased about 25 percent in 3 years without a correspond-
ing increase in traffic-accident prevention. Traffic fatalities declined after 1946
to a postwar low of 31,700 in 1949, then rose sharply to 37,300 in 1951, and
were continuing the upward trend as the fiscal year ended.
More intensive safety activity was to be launched at a fall meeting in Chicage

of State and local government representatives and public-support groups.

Financial and Administrative Research

Work under this general heading includes studies of highway costs, adminis-
tration and management, land aeqnisition, highway access and roadside con-
trol, terminal facilities, finance and taxation, and allied economic problems.
During the past year progress was made in all of these fields of study.
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Administrative studies

A considerable amount of work in the administrative field was carried on
in cooperation with the Committee on Highway Organization and Administration
of the Highway Research Board. Reports on retirement provisions in State
highway employment, on merit system provisions in State highway employment,
and on State highway administrative bodies were completed and published by
the Highway Research Board. During the year emphasis in cooperative admin-
istrative research was shifted from the State to the local level. Local road
research, undertaken was largely exploratory, but a comprehensive check list
of items to be considered in making studies of local road management was
completed.
A study of intergovernmental relations in highway affairs in Maryland was

completed. This was a cooperative undertaking of the Highway Research
Board, the Bureau of Public Roads, the Maryland Commission on Administrative
Organization of the State, and the Maryland State Roads Commission. The
purpose was to describe existing highway relations in the State, both State-local
and interlocal, to make recommendations for improving these relations, and
to set up criteria for good relations.
Work on a study of statutory provisions affecting State-local highway rela-

tions in all States was continued. In connection with this study, since the
fiscal relation is in all cases a basic one, data concerning the imposition and
distribution of inotor-user taxes were tabulated.
The study of administrative practices in motor-vehicle regulation was also

continued. A previously compiled tabulation of penaliy provisions for violations
of truck weight and size limitations, including complementary enforcement
provisions, was revised to include pertinent 1951 legislative changes.
Tables showing the directing organizations of State highway departments and

salary ranges of the principal officials were revised to show the status of
this information as of December 1951.

Fiuancial studies
Highway finance data for counties and municipalities now are being reported

by almost all States: 47 of them are reporting county data and 46 are reporting
urban data. The reporting procedures of the States are constantly improving,
and the data are being reported on a more current basis each year. The scope
of the studies of urban street finance has been increased to include data
pertinent to the so-called “allied functions,” i. e., storm sewers, street cleaning,
street lighting, parking meters, and publicly owned parking lots.
A report on the credit financing of highways was prepared in cooperation with

the Highway Research Board. This report reviews the whole field of the
credit financing of highways, with emphasis on the postwar period, and cites
bumerous recent examples of such financing.

Taxation studies

In cooperation with the Highway Research Board Committee on Highway
Taxation and Finance, a comprehensive study of the problems of highway taxa-
tion was begun. The problems to be studied include: (1) an analysis of
methods and bases of taxation for the support of highways, (2) the extent to
which highway revenues should be obtained from motor-vehicle and non-motor-
vehicle tax sources, and (8) the equitable allocation of motor-vehicle tax respon-
sibility among vehicles of different types and sizes. Projects now under way
include: (1) a study of the variation of charges on highway-toll facilities with
size of vehicle, (2) a study of the diesel-powered vehicle in relation to the
gasoline-powered vehicle in its payment of user taxation, (3) a compilation and
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analysis of the State road-user taxes and personil-property taxes that would be

paid in each Stute by au series of selected veliicles varying tn size and weight,
and (4) a stndy of the incremenlal method of inotor-vehicle tax allocation,

Highway cost studies

The pilot study of the relation between road costs and roadway adequacy
was continued. This study of a 210-mile section of US 60 is being condneted in
cooperation wilh the Kentueky Department of Highways, Up addition, the annual
costs on 96 control sections in eight States were determined, These data were
prepared as a part of studies in an endeavor to determine the effects of truck
traffic and weights on highways. Tests of annual road cost reliability were
conducted in cooperation with the Maine and Mississippi highway departments,
Assistance in summuarizing and analyzing information on street construction

and retirements was given Milwaukee, Wis. The Milwaukee project, a cooper-
ative undertaking between the city, the Wisconsin [ighway Conmmission, and
the Bureau, is expected to yield authoritative information on the service Hives
of city streets. Basie records prepared for this study have made detailed
information about the street network convenicutly accessible.
Assistance in preparing estimates of the cost of remedying existing highway

needs was given New Mexico and North Dakota. Jn addition, a plan was
devised in cooperation with the North Dakota Ilighway Department which
will permit the State to bring its inventory of needs up to date periodically
with a minimum of effort.
On a broader scale, assistance was given the American Association of State

Highway Officials in compiling an estimate of needs for each of the Federal-
aid highway systems, This summary brings up to date an estimate developed
two years earlier.
Of general interest to all State highway departments was an article describ-

ing the procedures involved in establishing permanent highway control sections
and outlining the ways in which information collected on a control section hasis
isused. Aid in establishing control sections was given New York.
In cooperation with committees of the American Association of State Highway

Officials and the Highway Research Board, assistance was given in bringing
to light the advantageous applications of, and the limitations upon, the use of
highway sufficiency ratings.

Production cost studies

The purpose of all production cost studies is reduction of unit costs in highway
work. One method of attaining this objective is through increased efficiency
of construction and maintenance operations. Work in this field consists largely
of time studies of equipment and labor performance on numerous construction
and maintenance operations, in seeking those delays that may be eliminated or
operating procedures that should be changed, thus increasing efficiency and
ultimately lowering costs.
Studies of equipment performance were conducted on 25 construction jobs

throughout the country. The comprelensive study of maintenance equipment
utilization and performance in Connecticut was concluded. Studies of mainte-
nance equipment utilization and performance on State highway work were con-
ducted in five States.

Cost studies were started on five North Carolina construction projects with
the objective of developing comparative data regarding net cost to the public
of construction work performed by contract and by State forces under condi-
tions prevailing in North Carolina. The projects selected for study involve
reconstruction of typical farm-to-market roads. These projects are part of a
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larger group proposed for reconstruction with Federal-aid funds by State forces,
and the extent of Federal-aid participation in the proposed program will be
influenced by the comparative data developed from these studies,

Land acquisition, roadside control, and terminal facility studies

Research concerning legal and administrative phases of land acquisition, road-
side protection, control of access, and parking facilities fills an important need
in connection with the highway program. Studies in these fields were con-
tinned during the year, independently and in cooperation with State highway
departments and national organizations.
The need for a workable method by which land adjoining present State

highways can be reserved for right-of-way purposes, prior to outright acquisition,
is apparent. Often it has been necessary to relocate highways no longer ade-
quate to serve traffic needs, because additional land at the old location could
not be purchased, due to exorbitant costs resulting from unrestricted ribbon
development. <A study of procedures available for reserving land, undertaken
in cooperation with the Highway Research Board, continued during the year.
Analysis of questionnaire returns froin cities and counties known to have
authority to use various methods for accomplishing this purpose revealed that
such methods have been used sparingly, if at all. None of the procedures used
seem to provide the answer. The second phase of the study, an analysis of
techniques authorized or in use at the State level, was initiated during the year.
In order to obtain up-to-date information on existing toll-free expressways,

heretofore lacking, a questionnaire was distributed to the State highway depart-
ments during the year. Returns from most of the States were received, and
data pertaining to mileage, type of facility, cost, administrative problems, ete.,
were being tabulated for all expressways now open to traffic or under constrne-
tion, not only on the Federal-aid primary highway system but also those on State,
county, and city systems. The resulting compilations should constitute a gage br
which to measure the progress of the expressway program.
A report dealing with highway right-of-way appraisals was undertaken during

the year, in cooperation with a committee of the American Association of State
Highway Officials, based on information obtained from the States on State
land-acquisition practices.
The research and analysis covering all legislation dealing with the provision

of parking facilities enacted up to and inclnding 1950 were completed. It was
found that a total of 266 laws have been enacted in 43 States and the District
of Columbia, of which 106 are general in character, applying to all cities, towns,
villages, or other political subdivisions in a given class or classes, and 160 are
local or special in character, applying only to specific places or projects. A
summary of the outstanding trends in this State legislation was prepared. A
detailed report dealing with the provisions of the 266 laws will be made. This
report will revise and supplement a similar report published in 1947, covering
parking legislation through 1945.
A study was prepared on parking “systems,” a concept which envisages the

integration of off-street and curb parking facilities into a single system, both
functionally, administratively, and financially. The legal provisions for the
establishment of parking systems and the judicial decisions upholding the sys-
tem idea were analyzed, and accomplishments under this method of establishing
and financing parking facilities were summarized.
A preliminary report dealing with the effectiveness of various types of parking

agencies in providing parking facilities was prepared, based upon returns to a

questionnaire directed to each city known to have a parking board, commission,
committee, authority, or other agency authorized to provide or foster the pro-
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vision of off-street parking facililies. ‘Phe purpose of this study is to bring
together as much experieuce as possible in (he use of parking agencies as i
of establishing parking facilities and to appraise the effectiveness of Chis ape

proach to a solition of the parking problem. A comprehensive report is
contemplated, based upon fuller returns to fhe questionnaire,
Continued assistanee in the legal, finaneial, and adiuinistvative phases of

parking surveys was rendered to cities where parking surveys were uider way,
It is desired that this important aspect of parking surveys be given greater
emphasis in the future, to the end (hat the needs determined by the parking
survey inay be fiiplemented by the proper legal, adininistrative, and financial
tools.
A project. designed to collect information on parking Meter instalhatious and

revenues, their operation, maintenance, and legal authorization, bas been un-

dertuken as ao jeint project of the HWighway Rescareh Board, the American
Municipal Association, and the Burean. Information is being solicited by means
of a questionnaire directed te approximately 2,800 cities and other places, The
data collected will be summarized and a report made on the findings.

Highway Transport Research

Research on many phases of highway transport is conducted by the head-
quarters organization of the Bureau and also in cooperation with the States as
Federalaid projects. A large portion of the work at headquarters is based on
data supplied by the States.

Motor-vehicle-use studies

A new series of Motor-vehicle-use studies was inaugurated shortly before the
close of the previous fiscal year. These studies, State-wide in scope, ure designed
to classify motor-vehicle travel with respect to rural and urban ownership of
vehicles, proportion of travel in rural and urban locations, principal road sys-
tems used, together with pertinent characteristics of travel Including purposes
of travel and length of trips.
At the close of the fiscal vear these studies were under way in twelve States

and in the Territory of Hawati, with the field work completed in seven States;
the studies are definitely planned in nine additional States; and ten more States
and one territory have indicated their intention to conduct studies.
Intormation available from preliminary analyses in three States shows the

average length of passenger-car trips to be about 9 miles, with three-fifths of
all passenger-car trips being under 5 miles. Of the total vehicle-miles of pas-
senger-car travel performed on urban streets, approximately two-thirds results
from trips wholly within the city or town, The percentage of purely local trips
inereases with size of city, being more than SO percent for cities of more than
100,000 population, according to these early returns.

Road inventory and mapping
Inventory operations in 42 States produced data concerning the degree of

improvement of individual rural road sections that are being used in studies
of highway deficiencies and needs, us well as valuable statistical data of a more

general nature for Systems and areas. Based on this inventory, 366 county
highway maps have been produced in 30 States.
Other mapping activities of cooperative planning surveys included the publi-

cation by the States of 21 State general highway maps, 18 State traffic maps,
431 county traffic maps, and 99 maps of incorporated places.
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The Department of Defense was furnished informativn as to the load-carry-
ing capacity and vertical and horizontal clearance of allt structures on the
Federal-aid primary highway system and other important through routes.

Tourist studies
Since approximately three-fourths of all vacation travel is by automobile,

the highways are important to vacationers and influence the business activity
resulting therefrom. Tourist travel by automobile continues to increase, and
more and more interest is being shown regarding this multi-billion dolar
industry.
Reliable information regarding tourist travel and expenditure has been lack-

ing in most States and tourist studies are needed to furnish the facts. Sueh
studies indicate the volume of tourist traffic, where the tourist spends money,
and how much he spends. They give an economic measure of the value of high-
ways to a growing industry.
Cooperative tourist studies were completed in Pennsylvania, in Glacier Na-

tional Park, in Crater Lake National Park, and in Oregon Caves National Monu-
ment during the past year. Surveys have been inaugurated in the Shenandoah
and Yosemite National Parks and in Oklahoma and Kansas in 1952.

Traffic studies in cities

Bach year additional cities have been added to the growing list of metropolitan
areas in which origin and destination information and other essential facts
concerning travel have been collected. Data collected in these studies are
used in the location and design of highway improvements, and the result of
their application is manifest in the new arterial routes either planned or already
under construction in many urban areas.
Three metropolitan area transportation studies by the home-interview method

were started during the fiscal year. This brings to 92 the total number of com-
prehensive studies undertaken since the first one was started in 1944. Abbre-
viated procedures are now being developed for bringing up to date the data
eollected in the earlier studies. Progress nlong this line has been achieved in
Memphis, Tenn., Kansas City and St. Louis, Mo., and San Juan, Puerto Rico,
Continuing studies initiated in 1950 of traifie using superior arterial routes

confirm the fact that at least half of the traffic chooses the route even though it
may mean a greater travel distance and greater travel time than by less attrac-
tive and older streets. Where both time and distance are saved the choice of
the superior arterial route is almost unanimous.

Truck weights
The importance of highway service is indicated in large degree by the total

traffic carried and especially by the tounage of goods transported by trucks, the
frequency of these movements, and the size of loads carried. Each year, most
States obtain information on truck transport by classifying all vehicles passing
a considerable number of selected locations and weighing as many of the com-
mercial vehicles as is feasible. During the fiscal year 45 States participated
in this program. Many of them expanded their operations from summer months
only to cover all seasons of the year. Comparison of data obtained with that of
previous years permits the calculation of trends in vehicle loading and in fre-
quencies of heavy loads. The seasonal data are needed in considering road
damage when conditions such as rainfall and freezing and thawing are most
unfavorable.
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Preliminary analysis of PO. reports indicates an inerease in lomaies of car.
ried lead of about 6 percent over thant of 1950, This inerease is considerably less
than the inerease of 10 percent for mileage (raveled by all veliieles,

Road performance studies

The studies initiated im 1950 to evaluate Che perforuinee of selected: sections
of rond, using as indicators road condition, usage, and costs, have continued
and now include 76 miles of read of several types. neh test section is at least
1.000 feet in Jength, A considerable variation in lighway design and age of
pa venient is represented in the 868 lest sections,
A few sections were constructed as recently as To) but some construction

in each year back to 1928 is represented. Traffic ranges from GIO to 16,447
vehicles per day.
Subgrade soil analyses have been compleled for 158 of the sections and

initial condition charts have been drafted for 20-4 sections, Roughness measure-
ments have been made on 130 sections and these measurements, together with
eondition records, are to be repeated eneh year te recard changes in read
condition,
Road cost information is being compiled for control sections within which

test sections are located. Generally speaking, each test section is part of and
representative of the design and usage of a longer control section,
These studies, as they reach maturily, will give a detailed picture of the

charaeter, total cost, and service performance of highways of different types
and degrees of performance, and will permit comparisons usefnl for iuprove-
ment of design and construction practice.

Brake research

The Bureau, in cooperation with industries associmled with highWay trans-
pertation, completed the field work and the analysis of data in am extensive
study of motor-vehicle brake performance. It had the assistance of a com-
mittee composed of representatives of 2U organizations connected with highway
transportation, 4 from Government agencies, and 16 from manufacturing, operat-
ing, and other technical groups.
This research wus initially divided intu three phases: Tests on vehicles in

service, selected at random from the general traffic; fests on new commercial
vehicles; and tests on used coumnercku) vehicles, A] fonrth phase, tests to
determine the capabilities of existing brake-testing devices, was added to the
program und these tests were completed duriug the past year, Texts in the
first, third, and fourth phases were made by the Burean and those in the
second phase by the Brake Technical Commitiee of the Automobile Manutac-
turers Association,
The analyses of all data have been completed and the final report is being

prepared. The results of this resenrch will assist malerinily in the formulation
of practical regulatory measures and will help io promote safety on the streets
and highways by pointing out deticiencies in the brake perfurmance of vehicles
as they operate in the everyday traffic.

Vehicle characteristics study
aA. knowledge of the operating characieristics of moter vehicles is of utmost

ilmportance in the development of highways and of vehicles that provide for
the safest and iost efficient movement of all types of traffic. The Committee
on Vehicle Characteristics of the Highway Reserrch Bourd, through the joint
efforts of industry and government, hax developed instruments which are used
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to record, for any trip, the percentage of time a vehicle travels at various speeds,
acceleration and deceleration, and the amount of fuel used at various speeds,
These instruments were installed in a passenger car and operated about 20,000

niles by the Bureau during the past year. Studies were made to determine
the effect on travel of control of highway access, signals, rise and fall, gradient,
and sight distance. Valnable data were obtained on fuel consumption and
travel time as related to highway design.
The data collected, when analyzed and reported, should prove most valuable

in the provision of adequately designed highways and vehicles,

Weighing vehicles in motion

Development and testing of an electronic scale for the weighing of vehicles
in normal travel over a highway, without causing them to stop, was continued
during the rear.
The small errors in weights obtained by the electronic scale, averaging 1.5

percent for single axles and 4.2 percent for dual axles, confirmed early indica-
tions that weights of vehicles in motion could be obtained with a high degree
of acenracy. However, frequent high individual errors showed the need for
a continued study tu insure a device with consistent accuracy,
Much has been done both mechanically and electrically to perfect the scale.

Changes have been made in the arrangement for transmitting load to pressure
cells. The oscillator and amplifier circuits have been redesigned to provide for
more satisfactory operation, Extensive tests have been miade with a direct
recording oscillograph. and the electrical equipment has been constructed in a

commercially reproducible form to replace the experimental hook-up of several
separate instruments,
The data obtained in the second series of tests was being analyzed at the end

of the year. A comparison of the results of the two series should make it
possible to complete final design details for the electronic scale in the near future.

Accident studies
The relation of highway conditions to accidents has been under investigation

for several years ly the Bureau and the National Safety Council, in cooperation
with several State motor-vehicle or State highway departments. Preliminary
findings in a 15-State study of main rural highways were reported in 1946, Since
that time, analyses of additional data have been made.
Some of the results of these analyses indicate that (1) a lightly traveled road,

as a whole, is safer than a heavily traveled road (as might be expected), but
the reverse is trne on curves of two-lane roads: (2) sharp curves have higher
accident rates than flat curves: (3) intersections, having less than 10 percent
of the total traftic entering from a minor road, are relatively safe in comparison
with intersections where a higher proportion enters from the minor road; and
(4) two-lane bridges should have roadways at least 5 feet wider than the
pavements on their approaches.

International road signs and signals
A Bureau representative served as one of a small group of experts on road

signs and signals. set up by the United Nations in 1950 to develop a uniform
system of road signs, signals, and markings for world-wide adoption. The second
session of this group was held in Geneva, Switzerland, in August and September,
1951, and the final session was held in New York in the early summer of 1952,
The Bureau contributed much material relating to current American standards,
and conducted needed research on the effectiveness of proposed sign designs.
The prospects for agreement on broad principles of uniformity are encouraging.
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Hydraulic Research

Field study of flood damage to higthway struchires bas revealed Chat inodern
bridges most often damaged are small structures jatended to pass the water
flowing on the flood plain oulside the banks of the main channel, As a result
uproved methods of computing the required size of such struetures are being
developed, aided by laboratory data becoming available from research on bridge
waterways by the United States Geslogieal Survey,
A statistical study has been completed of stream How aml climatic data for

the Allegheny-Cumberland Phitewu—a region extending from western New York
to Tennessee—which enables computation of the probable flood to be expected
onee ina given number of years for almost any stream in that region, whether
or not there ure continuous records of its flow.
This study shows how ¢he length and slope of Che main channel, the size of the

drainage area (or witershed), and three rainfall characteristics all have a

highly significant effect upon the peak thood for a given frequency!’ The data
utilized are all available from published reeords of the Uniled States Geological
Survey, the Weather Bureau, and the Soil Conservation Serviee, but are brought
together for the first time to bear on the problem—how big a flood can be ex-

pected on a strenm in a certain locality for which there are no direct measure-
meuts of flow.
The principal reason for destruction of bridges by floods is undermining of

foundations by scour. A comprehensive laboratory study, now in its fifth year
as an lowa Federal-aid research project, is being conducted by the Iowa Insti-
tute of Hydrantic Research at Iowa City. Within the past year very siguificant
results, upsetting previous concepts of the mechanism of scour, have been de-

veloped and reported to the Highway Research Board. It has been found that
the depth of the local scour hole around a pier depends more on the general depth
of water in the stream than on the velocity of flow. The next step is to obtain
field measurements to verify tests made on a small-scale model.
The Institute is also conducting an investigation of the mechanics of moyve-

ment and deposition of sediment in a pipe line. The close observation and control
possible in the laboratory have disclosed that as the concentration of sediment
increases the loss of pressure (or head) increases markedly and systematically.
Heretofore designers of storm drains have been intinenced by the presence of
sediment only to the extent of attempting to maintain some minimum velocity.
Results of these tests will be reported by the Institute.
A Federal-aid research project at Oregon State College promises to effect a

major change in the concept of cuntvert hydraulics. Ordinary culverts frequently
flow partly full for most of their length even when the water levet in the up-
stream pond is well above the top of the entrance. A simple change in the shape
of the entrance can eause the culvert barrel to flow full with a deerease in velocity
and at the same time greatly lower the level of water in the pond. <A report on

this investigation is being prepared.
Research on flow of water through storm drain inlets has continued at the

University of Illinois as a Federal-aid project of the Illinois Division of
Highways.
During the past year nearly 1,000 highway engineers engaged in Federal,

State, and local work in five States, have taken highway drainage short courses
based on the Burean’s hydraulic charts. In California the course was orgah-
ized and given by the Institute of Transportation and Tratle Engineering of
the University of Californian at 15 locations to a total of about 800 engineers.
Elsewhere courses were given by the Bureau.

®Qeing published In the Transactions of the American Geophysical Union, National
Researeh Council.
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Knowledge and practice in highway drainage are developing so rapidly that
there is au articulate demand for in-service training in many States. The
demand can be met only as more engineers are intensively trained to serve
as instructors within their own organizations. The expansion of the in-service
training function is essential to bringing about intelligent utilization of new
techniques for economic design of drainage facilities. As a means of disseminat-
ing data, the first two of a series of hydraulic information circulars have been
released to highway engineers and have attracted considerable interest. Ulti-
mately they will be superseded by printed publications. In the meanwhile the
new techniques are being given intensive field trial.

Physical Research
Under the sponsorship of the Committee on Materials of the American Associa-

tion of State Highway Officials, a cooperative investigation of methods of testing
the more commonly used highway materials was continued. This investigation,
made under normal laboratory conditions, should assist in efforts to obtain uni-
form results among different laboratories engaged in testing highway mate-
rials. Active participation was continued in the work of various technical- and
specification-writing authorities and associations. This included the preparation
for different types of highway materials of a number of specifications in which
the requirements were based more definitely on performance characteristics
than on behavior under laboratory conditions,

Soil studies
Preparation of engineering soil and drainage maps on an area basis was

continued in cooperation with New Jersey, Maine, and Virginia. In New Jersey,
engineering soil reports and maps have been completed for six counties, and work
is in progress in six other counties. Over 56 percent of the State has now been
mapped. In Maine, sampling and testing of soils in a third trial area have been
started, and data are being taken from aerial photographs for use in the prepara-
tion of the engineering soil map. In Virginia, the mapping of Charlotte County
was completed. An engineering soil map was prepared from aerial photographs
of the proposed Mississippi Parkway from the Canadian border to New Orleans.
A project has been initiated in cooperation with the Division of Soil Survey

of the U. 8. Department of Agriculture providing that soil samples taken
during the mapping of each county surveyed will be submitted to the Bureau of
Public Roads for tests to determine the properties of the soils of interest to
engineers. From the test data and the agricultural soil survey information, an
engineering soil map can be prepared. Samples have been tested from Fairfield
County, Ohio, and Wills County, Il. The ultimate goal is an engineering soil
map of the entire United States.
The studies of vibratory methods of compaction of soil, which have been

carried on in cooperation with Rutgers University and the New Jersey State High-
way Department, were completed and the results incorporated into a summary
report. A more detailed report is being prepared. As a result of this work,
the New Jersey State Highway Department prepared and was putting into
effect a specification covering the use of vibration equipment in the compaction
of sands.
Very little data are available on the temperatures of soil materials in bases

and subgrades underlying highway pavements. In connection with the tests
of pavement at the experimental test track at Hybla Valley, Va., a large amount
of data on the temperatures of the air, base course, and underlying soil was
accumulated by means of automatic recording thermometers. These data are
being analyzed and condensed into usable form.
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Research on the identification and characterization of the basie constituents
of soils designated as the basic clay minerals wus coutiuued, A report on an

exploratory study of these minerals by means of the electron microscope was

completed. A recording X-ray diffraction apparatus was Instalted and tech-

niques for i(s use in soil analyses developed. Apparatus designed to detect
quantitatively and identify baste clay minerals iu soils by the measurement of
reactions caused by heating to relativety high temperatures was ordered and
will be installed at un early date. A quartz-prisin spectrophotometer for rapad
chemical analyses of soils was installed, and the special techniques required for
its operation studied.
The study of shales for use in the construction of secondary roads in West

Virginian was extended to include cherts and burned shales. The investigation
includes abrasion, freezing and thawing, plasticity and voelnme-change tests,
and a tield study of the performance of sections of road in which the materials
were used. Several field inspections were made during the year, and a com-

parison of test results with read conditions indicates a possible relation that
may be useful in the future selection of materials.
Samples of aggregates and: sofls from Liberia were analyzed, and recomincn-

dations were prepared covering the use of the materials in the reconstruction
of the main highway between Monrovia and Kakata.
Pitot studies were made in the laboratory to determine the valne of beryllium,

lithium, sodium. and aluminum sulphates, lignin binder (sulphite liquor).in
combination with potassium bichromate, copper sulphate combined with portland
cement, and fly ash as soil stabilizing agents. Similar studies were made of
several of the synthetic organic chemicals such as krilium and aerotil. The
results of these studies indicated that beryllium sulphate and lignin binder
with potassium bichromate were sufficiently effective in increasing the strength
and reducing the volume change of compacted svils to warrant more extensive
investigation. The results indicate that the organic chemicals were not effective
in stabilizing soils in subgrades.
A special slide-rule scale has been designed for use in a simplified method of

making the liquid limit test proposed by the soils laboratory of the Washington
State Highway Department. The new method and calculation with the special
slide rule reduce the time required to make a test to about one-third of that
necessary by the standard procedure. The method is sufficiently accurate for
routine testing. A report describing the method and the slide rule was being
prepared.
Cooperative soil-testing programs were carried on with State highway lahora-

tories of the Mississippi Valley, the Southeastern, and the New York-New Eng-
land groups of the American Association of State Highway Officials. The ob-
jective of this work was to explore the need for improvement in soil-testing
methods and to develop better uniformity of procedure by laboratory technicians.
Study was continued of the cooperative experimental project on U S 41

in Lake County, Ind., which was planned to develop methods for preventing
mud pumping at joints and cracks and along the edges of concrete pavements.
A test road for similar cooperative study was under construction on U 8 20 in
Sandusky County, Ohio. On both of these projects, the concrete pavement was
placed directly on the natural soi}, on crushed stone subbases 3. 5, and 8 inches
thiek, and on soil-cement subbases 3 and 5 inches thick. Two gradations of
crushed stone were used in the stone subbases. One gradation furnished a
relatively free-draining material, but the other gave a dense base having a low
permeability. No expansion joints and two spacings of contraction joints were
specified on both projects. Observations of pumping, determination of the mois-
ture contents of the subgrade and subbase, pavement roughness measnrements,
and pavement condition surveys were made on the Indiana project.

45



instructions have been prepared to aid field engineers in properly designing
and controlling the construction of vertical sand drains in soft soils to accelerate
settlement, to provide suitable fill foundations, and to control lateral thrust
against abutments of bridges.
The major activity in soil research has been the study of the subgrades on

the Maryland test road. Approximately 1,200 samples were taken and 6,000
tests were made. A detailed analysis of the data was made to determine the
relation between soil characteristics and pavement behavior.

Bituminous materials and mixtures
Research on materials for bituminous pavements is necessary because of the

increasing needs of traffic and the expanding program of bituminous pavement
construction, modernization, and maintenance.
Materials not formerly used but in plentiful or reasonable supplywere studied

to determine how they can be used and thus made to supplement other mate-
rials of decreasing availability. Bituminous and allied materials are being
studicd to determine more fully how their properties can be used to the best
advantage under various conditions of service, as well as to determine how
such properties can or should be modified to obtain more satisfactory behavior
in service. Such studies result in the design of bituminous mixtures that will
provide stable and durable pavements, the development of methods of corre-
lating research results with service behavior, and the establishment of criteria
on which specifications and methods of tests may properly be based. To attain
these objectives a variety of field and laboratory studies have been and are
being carried on, of which the following current investigations are typical.
A cooperative study of mineral fillers for bituminous concrete paving mix-

tures was completed and a report prepared. An important development from
this study which was made with the assistance of the State highway depart-
ments of Massachusetts, New Jersey, and Ohio, and the National Crushed Stone
Association, was the finding that the two hitherto troublesome byproducts may
be used with good results as fillers.
Finely crushed traprock which has accumulated in large quantities as a

waste product of crushing plants in Massachusetts was indicated to be as resist-
ant to water action in bituminous concrete as limestone dust. Fly ash, or flue
dust precipitated electrically from the stacks of steam-electric power plants that
burn powdered coal, was found to be superior to limestone dust in its resistance
to water action in bituminous concrete. Research provided new sources of
supply of materials equal in some respects and superior in others to normally
used materials and also furnished a new outlet for hitherto waste products.
Interest in the use of rubber with asphalt in bitwminous construction has

been maintained, and the number of experimental sections built by other agen-
cies and available for study has been increased. The Bureau assisted in plan-
ning and will closely observe a test section built by the District of Columbia
during the year. This experiment included several types of rubber and a so-
ealled “plasticized” synthetic rubber. The rubber-asphalt experiments have not
been under way a sufficient length of time to warrant conclusions on the skid-
resistant properties or lower maintenance costs,
Laboratory studies of combinations of rubber powders and asphalts have

shown that the properties of the bleuds (laboratory test results) may be con-
siderably different from those of the asphalt alone, the degree of difference de-

pending upon both the nature of the rubber and the type of asphaltic material.
Laboratory tests are now being made to determine the effect of adding rubber
to asphalt-ageregate combinations.
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Cooperative studies of construction practices and of existing bituminous con-

crete pavements were continued, A typical exciuple is (he survey nade in ver-

tnin western Staics where a considerable amount of hot-plant bifumipens mix-
ture was being laid instead of the road-mix types previously used. Observations
of the new type ef construction were node, older surfaces were inspected, and a

report was prepared on two types of construction, prescnting some of the prob-
lems encountered and recommending possible Ineans of solving then.
Research studies of test methods continued to develop additional or supple-

mental tests appHeable to new materials and combinations, to corresate more

definitely lahoratory results wilh service performance, and to standardize pro-
cedures to obtain uniform results. Examples of researeh of this nature are

the studies of methods of test for rubber-asphalt combinations, thavesligations
of fnelors affecting the triaxial and the tmiuersion-compression methods of test,
and the cooperative testing work with the American Association of State High-
way Officials,

Cement, aggregates, and concrete

The investigation of the use of fly ash as a partial replacement of portland
cement in concrete for pavement was contimmed, The results of pilot tests of
mortar made with samples of fly ash show satisfactory conrpressive strengths of
mixtures of fly ash and portland cement. Conerete specimens containing fly
ash were made for future testing. Chemical analyses were made to sindy the
reaction between portland cement and pozzolanie materials such as fly ash, and
to develop, if possible a chemical method of measuring pozzolanic activity,
Study of the chemical reaction between the alkali in pertland cement and

soluble silica in aggregate was continned. As reports were received on the
failure of concrete prepared with low-alkali cements, a summation of available
data was made to permit analysis of the behavior of low-alkali and high-alkali
cements in combination with aggregates containing varying amounts of re-
active silica. It was found that the expansion dne to chemical reaction is not
depeudent on the percentage of alkali as had previously been believed, but rather
on the ratio of the alkali to the renetive material in the aggregate. <A given
aggregate may have a much greater reaction with a low-alkali cement than with
a high-alkali cement. The use of low-alkali cement is no snrety that concrete
with a small amount of expansion will be obtained.
The information obtained on the behavior of concrete prepared with low-

alkali eement has developed new interest in the problem of sand-gravel con-
crete as used in Kansas and Nebraska. The addition to the sand-gravel of about
80 percent of limestone results in concrete having durability much superior to
that of plain sand-gravel concrete. To determine whether the conclnsion as to
the alkali-reactive aggregate ratio applies, samples of sand-gravel and limestone
were obtained and a preliminary series of tests started to determine the most
favorable size of specimen for sand-gravel concrete.
Reports have been received of slippery pavement surfaces of both portland

cement concrete and bituminous macadam. Limited observations in the field
appear to show that the slipperyness is assoctated with the type of aggregate
used. To determine whether aggregates that result in slippery pavement sur-
faces could be identified by tests in the laboratory, a large number of samples
of crushed stone were obtained and subjected to customary tests for physical
properties. In addition, a small apparatus was designed to measure the statie
and kinetic coefficients of friction of pavement surfaces. Development of a
standard method of test was in progress,
Under the auspices of a Committee of the American Society of Testing Mate-

rials, 1 cooperative investigation of methods for determining the air-entraining
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characteristics of portland cements was completed. The tests involved the
determination of air in mortar prepared with seven cements and eleven differ-
ent procedures for the preparation of the mortar including mixing both by
hand and by machine. It is hoped that study of the data furnished by the
cooperating laboratories will indicate clearly which of the several methods gives
the most reliable results.
Several authorities on aggregates for highway construction have expressed

dissatisfaction with the mortar strength test used for the determination of the
quality of fine aggregates. Efforts to measure the quality of natural sand by
abrasion or crushing tests have shown little promise, as the test results for
different sands usually are of nearly the same magnitude. Abrasion tests re-

cently completed on two samples of sand submitted for routine examination
indicate that with certain revisions the method of test may furnish results of
greater significance than has previously been believed. Another study of this
method will be made, using quartz sand to which known percentages of material
of questionable quality have been added.
The study of air-entrainment in concrete was continued, to determine more

fully its advantages in rendering concrete resistant to damage by freezing and
thawing. Tests of 26 proprietary air-entraining admixtures were completed
and 25 of these were approved for use in concrete in the construction of roads
and bridges in Federal areas. The admixture not approved was still in the
cevelopment stage.
An apparatus to determine the size and distribution of air voids was used

extensively in studies of concrete from the German Autobahn and from various
locations in this country. It was found that concrete having the most marked
resistance to freezing and thawing contains minute, evenly distributed air
voids. A method was developed for the preparation of a reproduction of a
section of concrete showing the amount of beneficial entrained air.
Methods of protecting the surface of portland cement concrete from the de-

structive effect of flake calcium chloride used for the removal of ice have long
been of interest to highway engineers. To determine the efficacy of various
methods proposed, thin films of ice were frozen repeatedly on concrete test speci-
mens, and thawed by the application of controlled quantities of calcium chloride.
Large concrete slabs for freezing under natural conditions and small slabs for
freezing in the laboratory were prepared with both plain and air-entrained con-
erete. Other specimens were prepared with admixtures of petroleum oils, or
were given surface applications of oil and other waterproofing or densifying
compounds. The results of these tests show that all of the air-entraining mate-
rials used were of value in delaying the scaling of the concrete, but few gave
complete protection. Further tests of these materials were begun.
Natural cement has been used extensively in certain areas in combination

with portland cement to produce concrete of superior resistance to freezing
and thawing. Recently a treated cement prepared from blast furnace slag
has been proposed for use in place of the natural cement. Tests were made to
compare the frost resistance and strength of concrete prepared with blends of
portland and natural or slag cement. The slag cement was found to equal or
excel the natural cement when used as a replacement of a portion of portland
cement in concrete for pavement construction.
The long-time study of the performance of cement in concrete has been con-

tinued with periodic inspections of the specimens exposed to the weather in the
test plot at the laboratory as well as inspections of full-size experimental in-
stallations in the field. In the most recent inspection, many of the specimens
of concrete prepared with 4% sacks of cement per cubic yard, and a 6-inch slump,
were starting to show sealing, cracking, and softening of the mortar.

48



An investigation of the sources aid methods of aualysis of air-eutraining ad-
mixtures for concrele was ninde, It was found that relatively siniple and rapid
methods of chemicul analysis can be used to determine the uniformity of different
lots of the same product, thus filling a need that has been apparent to all
consumers of these products for some Unie,

Structural design of rigid pavements

Through cooperative arrangements bedween the Bureau and the California,
Kentucky, Michigan, Minnesota, Missouri, and Oregon State highway depart-
nents, there were constructed in 1940 and J941 six experimental concrete purve-
ments, one in each State, fer the principal purpoese of determining the anount
of expansion space needed in concrete pavements. The subject was one about
which there was a considerable difference of opinion, hese six experimental
pavements, subjected to differing conditions of climmtle and tratlic, were sys-
tematically studied by the State highway departments, After 10 years of service,
six reports of performance were prepared and the findings released through
the Tlighway Research Board. The results of the studies indicate that when
eonerete pavements are coustructed with closely spaced eontraction joints, as
is the general practice today, the requirements for expinsion spaec are greatly
reduced. “hese findings are being put to use by an increasing number of State
highway departments. The reduction in the number of expansion joints leads to
improved pavement performance, smoother pavement surfaces, and other benefits.
The study of the effects of various amounts of longitudinal steel reinforce-

ment in concrete pavements undertaken in 1938 in cooperation with the Indiana
State Hlighway Commission, was the subject of a comprehensive 10-year report
in 1949. However, the experimental pavement sections are being kept under
observation for any further developments of structural significance.
It has been observed, in some instances, that the tendency for concrete pave-

ments to erack transversely varies with the type or source of the coarse aggregate
used in the conerete. Adequate information regarding this relation is not
available and the phenomenon itself is not well understood. To obtain additional
information, an exploratory study was undertaken in which the thermal expan-
sivity of concretes made with scleeted aggregates obtained from several States
were to be measured by means of various field exposure tests and laboratory
determinations. An adequate knowledge of this subject would permit a more
rational spacing of contraction joints for the control of transverse cracking.
Studies of the structural behavior of joints containing load transfer systems

under the action of repeated loads were continued. Two machines capable of
applying 10,000-pound loads and two capable of applying 15,000-pound loads
were constructed. The data obtained indicate that important information
on the design of this structural feature of concrete pavements will be developed
by this researeh,
The extensive load strain measurements made in the course of the program

of the Maryland Road Test were analyzed in detail during the year and a eom-
prehensive report on this part of the test program has been completed. The
report is an important contribution to the knowledge of the structural aetion
of concrete pavements, particularly with respect to the effects of moving vehicles
ou pavement stress.

Structural design of nonrigid pavements
Mention was made in last year’s report of the work being done by the State

highway departments in the development and use of improved methods of design
of nonrigid pavements. These methods involve considering in a systematic
manner the important variables entering into the problem, including the charac-
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ter of the subgrade soil, the amount and type of traffic, the quality of the pave-
ment, and climatic conditions. Practically all State highway departments made
use of some method of design of this nature and constantly endeavored by re-
search and observation of pavements in service to improve and place the methods
on a more scientific basis. The Bureau is greatly interested in this work and
through cortacts with the States and technical committee activities lent as much
encouragement and assistance as possible.
Work on the cooperative investigation of nonrigid pavement design was con-

tinued. The static load tests were completed and moving load tests were under-
way. At the end of the year it was anticipated that the scheduled test would
be completed in about two years.

The Idaho test road

Ten of the Western States, the Bureau of Public Roads, the truck-manufactur-
ing industry, and the petroleum industry agreed to cooperate in the construction
and load testing of a bituminous pavement in Idaho, The investigation was

placed under the direction of the Highway Research Board. The project is
similar in many respects to the Maryland Road Test, except that the pavement
was to be of the nonrigid type, and was being built according to a predetermined
design rather than using an existing pavement as was done in Maryland,
The pavement, consisting of a number of different designs, was being built

in the form of two loops. A different axle load will be used to test each lane
in each loop. The principal purpose of the investigation is to develop basic
information regarding the design requirements of this type of pavement to sup-
port single- and tandem-axle loads of different magnitudes. The Bureau ac-
cepted an important role in the planning and conduct of the investigation. In
addition to supplying technical assistance in planning the test program, it under-
took fabrication of the instruments which will be used to record scientifically
the effects of the moving loads upon the pavement, and will assist in field work
throughout. the tests.

Bridges
Mention has been made in previous reports of a study of the self-damping

characteristics of structural members, undertaken at the request of the Advisory
Board on the Investigation of Suspension Bridges. The testing program was
concluded with the testing of the trussed member in a riveted condition and
with a determination of the physical properties of the material in all of the
specimens. Work was begun on a comprehensive report of the investigation.
The study of the relative value of waterproofing treatments applied to protect

electrical resistance strain gages mounted on steel plates and exposed to the
weather was concluded and the findings reported. The tests indicate that it is
possible to keep gages in satisfactory working condition over protracted periods
of ontdoor exposure by certain protective coatings. This study was undertaken
in anticipation of a program of strain measurements on highway bridges under
the action of loaded motor vehicles, in the course of which electrical resistance
strain gages would be employed.

Other physical research
Road surface roughness is of interest to all who are concerned with highway

use. Evaluation of surface roughness by physical measurements of some sort
is being attempted by more State highway departments and other agencies each
year. The equipment developed by the Bureau probably has been more generally
accepted than any other one type. However, in some cases modifications of the
basic equipment were made or proposed by individual users. Such proposals
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we always of interest to the Burean and two are under study. Phins for the
equipment have been supplied toa mumber of State and foreign governmentitl
agencies during the year,

Interest in the use of the electrical resistivity and the seisimie methods of
subsurface exploration for highway engineering purposes coulinites to inerease,
Bach year sdditional Slate highway organizations are equipping Cieimselves for
this type of work as they become acqitinied with (he usefulness of tic methods,
During Whe fiscal year (he resistivily amethod was used by (he Bureau on sub-
surface explorations to oblain design diate for several grading projects. A study
was mide of the application of the metliods ata slide aren iu Obie and useful
information was obtained.
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Table 2.—Projects uuder construction or plans approved
by class of hightoay and by fund

Jane 30, 1952,

deral

Railway-highway cross-
tug improvements

Total cost funds Miles Gross- | Struc- | Crosse
ings tures ings
climi- | recon- pro-
nated [structed | teeted

BY Chass or [ltqirway

Primary $679, 219, 845 | $348, 922, 919 8, 141.2 91 12 93
Secondary . 302, 478, 513 | 206, 404,123 | 15,995. 3 31 7 181
Urban. 660, 407, 548 332, 222, 201 1, 097.8 139 18 43

Subtotal... 1, 782, 105, 906 887, 519, 243 | 25, 234.3 261 37 317
Not classified ! 60, 034, O4L 53, 217, 802 O81, 8

2-2-2 eeeeee eee 1, 792, 139, 947 910, 767, 045 | 26, 216.1 261 37 317

By Funpb

Federal-aid:
Primary $768, 978, 221 | $392, 352,978 | 8, 611.4 112 17 116
Secondary 388, 217, 837 198, 144, 419 | 15, 313, 2 31 7 179
Urban 539, 228, 212 268, 992, 322 432. 0 112 12 15

Prewar Federal-aid:
Grade crossing___--_.-.----------.- 5, 088, 395 3, 249, 668 2.1 4 1 6

Access roads, Act of 1950 19, 137, 356 17, 942, 028 869.1 2 2
Emergency highway and grade cross-
ing, Defense Highway Act.-..-.--.-. 11, 455, 885 6, 867, 828 6.5

Subtotal___---------_----------.- 1, 782, 105, 906 887, 549, 243 | 25, 234.3 261 37 317

National forest highway ? 29, 411, 787 27, 230, 962 610. 6
Tongass National Forest, Alaska 2 3,779, 500 3, 769, 500 17.8
National park and parkway 3._.....__. 17, 250, 650 17, 250, 650 217.5
Public lan 1 1,071, 589 1, 009, 870 30.3
Emergency flood relief 8, 520, 515 3, 956, 820 105.6

Subtotal 60, 034, 041 53, 217, 802 981.8

eee eee 1,792,139, 947 | 940, 767,045 | 26, 216.1 261 37 317

1 Forest, park, public lands, and emergency flood-relief projects.
2 Includes construction projects only.
’Construction supervised by Bureau of Public Roads.
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Table 3.—Apportionment of Federal-aid hghway funds authorized for the
fiscal year ended June 30, 1953

Primary 8. econdary or Urban
Stae or Territory neway feeder roads highways Total

($225,000,000)
($150,000,000) } ($125,000,000)

Alabama eee eeeeee $4, 667, 971 $3, 621, 928 $1, 586, 037 $9, 875, 936
Arizona - 3, 294, 585 2, 243, 550 470, 881 6, 009, 016
Arkans.s 3, 659, 614 2,931, 245 677, 225 7, 268, 084California.....----.---------------------------- 10, 160, 691 5, 238, 338 10, 761, 356 26, 155, 385

Colorad 3, 988, 333 2, 663, 606 , 006, 137 7, 658, 076
Connecticut 1, 401, 852 721, 78 2, 344, 571 4, 468, 298
Delaware... 1, 082, 813 721, 875 248, 278 2, 052, 966
Florida 3, 513, 455 2, 295, 574 2,170, 778 7, 979, 807

Georgia _ 5, 491, 196 4,190, 994 1, 764, 294 11, 446, 484
2, 737, 218 1, 924, 535 232, 987 4, 894, 740
8, 518, 157 4, 638, 620 8, 466, 307 21, 623, 084

Indiana - - 5, 248, 078 3, 616, 889 2, 896, 230 11, 76), 197

Towa - 5, 376, 541 3, 931, 409 1, 437, 217 10, 745, 167
Kansas-_-- 5, 404, 541 8, 781, 841 1, 137, 837 10, 324, 219Kentucky-_..--....-------------------oes eee 4, 062, 250 3, 373, 828 1, 257, 187 8, 693, 265
Louisiana - 3, 413, 927 2, 472, 350 1, 774, 598 7, 660, 875

Maine 1, 864, 396 1, 338, 474 505, 956 3, 703, 826
Maryland -- 1, 935, 063 1, 182, 205 2, 054, 609 5,171, 877
Massachusetts - 2, 783, 698 1, 026, 797 5, 038, 809 8, 849, 304
Michigan 6, 877, 365 4, 196, 989 5, 634, 433 16, 708, 787

Minnesota 5, 822, 661 4, 106, 109 1, 971, 328 11, 900, 098
Mississippi 3, 946, 486 3, 287, 577 670, 253 7, 904, 316
Missouri -_ - - 6, 369, 052 4, 309, 461 2, 981, 397 13, 659, 910
Mo ta a 4, 475, 436 3, 077, 359 285, 067 7, 837, 862

Nebraska _ Bo 4, 294, 741 3, 045, 380 710, 025 8, 050, 146
Nevada - 2, 863, 524 1, 913, 466 92, 199 4, 869, 189
New Hampshire_ 1, 082, 813 721, 875 351, 161 2, 155, 849
New Jersey..-.------.---------------- 2, 865, 782 967, 042 5, 299, 454 9, 132, 278

New Mexico 3, 618, 689 2, 485, 056 397, 303 6, 501, 048
New York -- 10, 383, 535 4, 159, 385 16, 181, 382 30, 724, 302
North Carolina - 5, 449, 728 4, 659, 539 1, 555, 635 11, 664, 902
North Dakota 38, 225, 855 2, 340, 775 204, 704 5, 771, 334

Ohio. 22-22 eeeae 7, 696, 430 4, 680, 567 7,005, 558 19, 382, 555
Oklahoma 4, 742, 881 3, 394, 931 1, 322, 620 9, 460, 432
Orego 3, 798, 278 2, 658, 463 970, 723 7, 422, 464
Pennsylvania. 8, 680, 399 5, 165, 523 9, 164, 833 23, 010, 755

Rhode Island 1, 082, 813 721, 875 865, 420 2, 670, 108
South Carolina_.....---.-..---------.---------- 2, 985,

798 2
470, 183 832, 764 6, 288, 745

South Dakota - — - - 3, 452, 003 465, 050 235, 135 6, 152, 188
Tennessee eeee 4, 711, 574 3, 680, 474 1, 750, 601 10, 142; 649

14, 305, 046 9, 577, 321 5, 799, 612 29, 681, 979
2, 540, 514 1, 680, 413 512, 969 4, 733, 896
1, 082, 813 721, 875 188, 498 1, 993, 186
4, 204, 200 3, 266, 315 1, 887, 806 9, 358, 321

Washington 3, 666, 653 2, 449, 109 1, 826, 656. 7, 942, 418
West Virginia....--..-------------------------- 2, 409, 873 2, 097, 655 787, 881 5, 295, 409
Wisconsin 5, 254, 962 8, 664, 818 2, 370, 616 11, 290, 396
Wyomi g. 2, 757, 134 1, 868, 238 131, 630 4, 7857, 002

District of Columbia__.-.---.------..---------- 1, 082, 813 721, 875 1, 045, 855 2, 850, 543Hawa’... 1, 082, 813 721, 875 407, 089 2, 211, 777
Puerto Rico - 1, 145, 457 1, 197, 494 1, 040, 599 3, 383, 550
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Table 4.—Status of plan preparation for future coustraction of Federal-aid
aml State highways, ad highways in Ntional forests aml other Federal areas,
as of April, 1952

State or Territory
Construction

Plains under way Plans completed

Construction Miles |
Construction

‘Total

cost Mules cost
|

cost Miles

1,000 dollars 1,000 dollars 1,000 dollrs
Alabania....-.----------- 31, 571 5AZ 1, 834 130 41, 405 G72
Arizona 8, ODO tea 1,000 2 9, O00 126
Arkansas. - 17, 019 ANS 11, 100 61 28, 128 TAl
California 721, 26 1, 780: 10, 70 176 TH, 515 1, 456,

Colorado... 18, 301 671 1, 506 22,807 gly
Connecticut 127, 970 177 6, 200) 25 134, 170 202

Delaware... 10, 270 BS 2, 500 x 12,770 GL
Florida....-..---------------- 30, 000 150 20, 000 400 50, OOO 550

57, 656 3, 046 321 S81, 521 3,867
43,178 664 159 43, O72 KQ3.

Illinois 101, 834 1, 264 SAO 137, 566 1, s0]
Indiana 11S, 144 916 160 140, 554 1, 106

Towa__..---------------------- 15, 000 1, 750 6, 000 250 51, 000 2, (0
Ixansas. - 30, 492 1,476 9, 215 313 39, 707 1, 789
Kentucky......-.--------+----- 31, §63 sou 36, 238 1, 501 67, 801 2,310
Louisiana 34, 142 349 21,777 235 55, 919 54

Maine._-...------------------ 18, 438 68 5, 422 20 23, S60 KS
Maryland._..-- 146, 735 187 25, 328 106 172, 006 293
Massachusctts~ 90, 363 112 24, S49 V7 119, 212 129
Michigan.....-.-------------- 85, 500 625 25,000 250 110, 500 S75

Minuesota.....--------------- 65, 341 2,173 19, 859 1, 233 $5, 200 3, 406
Mississippi. 28, 252 746 8, 183 264 36, 435 1,010
Missourt.. 27, B3 360 20, S06 529 48, 039 Ss9
Montana...---.--------------- 24, 712 528 3, 833 83 28, 545 611

Nebraska. 26, 685 747 1, 966 TS 28, 651 821
Nevada....-. 14, 262 424 6, 193 395 20, 455 519
New Hampshire 11, 660 7 1,385 12 12, 445 91
New Jersey. 302, 971 298 35, 981 63 338, 952 361

New Mexico 9, 549 304 5, 528 103 15, O77 107
New York 157, 000 633 85, 000 265 242, 000 89S
North Carolina - 53, 654 798 15, 721 353 69, 375 1, 151
North Dakota..-------------- 3, 808 265 9, 336 193 13, 144 758

Ohio__..--.-----------.------- 111, 694 377 25, 572 236 187, 266 613
Oklahoma 27, 448 518 6, 024 102 33, 472 620
Oregon 21, 257 228 18, 775 Ww 35, 032 399
Pennsylvania-_._-..------------ 356, 142 1, 460 176, 826 1, 200 532, 965 2, 660

Rhode Island 23, 085 50 7,834 6 30, 869 56
South Carolina 26, 000 550 3, 000 100 29, 000 650
South Dakota 9, $19 557 8, 435 566 18, 254 1, 123
Tennessee... 50, 737 1, 133 11, 405 204 62, 142 1,337

65, 427 3, 084 19, 513 749 $4, 940 3, 833
24, $21 552 3, 636 43 28, 457 595

Vermont_ - - 8, 046 82 2, 600 38 10, 646 120
Virginia _ 53, 233 1,118 26, 164 462 79, 397 1, 580

Washington-_----..---------.-- 192, 483 1,670 9, 236 83 201, 719 1, 753
West Virginia.._...--..--..--- 10, 701 137 3, 638 oS 14, 339 195
Wisconsin 31, 020 810 8, 000 200 39, 020 1,010
Wryoming.-------..---------.- 24, 241 775 1, 365 16 25, 606 791

Alaska 13, 126 185 1,814 lt 14, 940 199
District of Columbia...._----- 20, 141 3 26, S78 15 46, 719 38
Hawaii 19, 000 46! 11, 686 27 30, 686 73
Puerto Rico 8, 918 78 5, 103 13 14,021 91

Total.---.----.---.---.. 3, 589, 231 36, 043 | 931, 156 13, 307 : 49, 3504, 520, 387
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Table 13.—Balances of Federal-aid funds available to States for projects not
yet programed as of June 30, 1952

State or Territory Primary ! Secndary Urban Total

Alabama - $478, 121 $2, 351, 982 $3, 200, 701 $6, 030, 804
Arizona 46, 369 217, 439 557, 998 821, 806
Arkansas 118, 997 2, 335, 677 717, 610 3,172, 284
California , 138, 574 59, 000 3, 197, 574

Colorado. 2, 707, 538 1,177,941 757, 442 4, 642, 921
Connecticut 1, 388, 688 1, 808, 602 3, 228, 100 6, 425, 390
Delaware 528, 934 745, 079 1, 042, 567 2, 316, 580
Florida 821, 343 268, 014 1, 960, 709 3, 050, 066

Georgia nae eee 1, 458, 232 356, 682 1, 815, 063 3, 62, 977
Idaho 1, 405, 902 3, 624, 807 385, 321 5, 416, 030Tllinois.....------------ 212, 979 9, 614, 051 1, 066, 723 10, 798, 753
Indiana w._ 569, 200 5, 358, 456 1,418, 975 7, 346, 631

Iowa - 660, 384 334, 236 937, O15 1, 931, 635
Kansas - - 719, 938 5, 146, 932 1,312, 401 7,179, 271
Kentucky - 584, 054 + 609 824, 955 1, 570, 618
Loulsiana 137, 318 139, 208 2, 754, 793 3, 031, 319

Maine_._..---.--.------------------------------ 199, 818 72, 592 550, 405 822, 815
Maryland =

33, 041 1, 162, 974 3, 760, 107 4,956, 122Massachusetts.-_-.--.--------------------------- 2, 329, 031 7, 547 1, 448, 57: 3, 855, 151
Michigan, = 797, 894 1, 475, 787 684,111 2, 957, 792

Minnesota 108, 609 1, 571, 139 2, 069, 659 3, 749, 407
Mississippi 494, 192 3, 075, 551 492, 871 4,062, 614
Missouri 625, 302 4, 679, 757 4, 064, 655 9, 369, 714
Montana - 3, 958, 765 4, 205, 101 546, 160 8, 709, 026

Nebraska. . 4, 318, 454 5, 656, 935 1, 220, 453 11, 195, $42
Nevada 1, 776, 769 647, 562 95, 237 2, 519, 568
New HWampshire....--.-..-.------------------- 800, 211 583, 455 208, 791 1, 592, 457
New Jersey 556, 154 439, 142 649, 667 1, 644, 963

New Mexico 692, 988 294, 246 384, 271 1, 371, 505
New York 733, 696 3, 192, 967 90-195. 967 24, 121, 930
North Carolina a 2,401, 702 1,173, 737 827, 249 4, 402, 688
North Dakota - - 603, 657 532, 902 414, 560 1, 551, 119

271, 068 3, 705, 404 4, 953, 606 8, 930, 078
233, 749 1, 443, 946 981, 379 2, 659, 074

Oregon. _ 411, 256 386, 184 910, 294 1, 707, 734
Pennsylvania - 1, 571, 671 953, 666 3, 239, 428 5, 764, 765

Rhode Isla
_

1 166 681, 658 89, 193 771,017
South Carolina 2, 481, 359 421, 492 612, 919 3, 515, 770
South Dakota 301, 273 296, 771 606, 563 1, 204, 607
Tennessee 1, 068, 199 395, 462 2, 281, 593 8, 745, 254

Taxas wee eee 303, 681 8, 810, 317 3, 069, 843 12, 183, 841
Utah__ 685, 548 129, 994 528, 104 1, 348, 646
Vermont 560, 718 83, 622 488, 198 1, 132, 538
Virginia - 966, 935 368, 446 3, 661, 150 4, 996, 531

Washington 958, 723 762, 370 594, 000 2, 315, 093
West Virginia_ 1, 648, 831 994, 044 275, 988 2, 919, 763
Wisconsin 180, 579 2, 923, 217 1, 094, 100 4, 197, 896
Wyomi g 40, 551 184, 813 40, 393 265, 757

District of Columbia_..__.-_.-_-_-_-.--.--_-.--- 153, 475 177, 504 286, 962 617,941
Hawaii 543, 613 959, 224 39, 026 1, 541, 863
Puerto Rico. - 2, 026, 191 2, 077, 951 1,041, 309 5, 145, 451

Total... 46, 675, 866 91, 277, 668 84, 444, 457 222, 397, 991

1 Funds available for either urban or rural portions of the Federal-aid primary highway system.
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Table 14.—Average number’ of persons employed on Bureau of Public Roads
and State highway construction and maintenance, United States and Verri-
tories, by program and by mouth, for the fiscal year ented June 30, 1952

Federal
forests, State high: Rkond main- Total con-Prewar parks, pub- Total wr tenance by

Year and month
| Vy oerams. |

Federabaid) lic lands, Federal ways, with State higl- Simetionprog .
programs | flood relief, programs only way de- tenn “3and mis- y partinents

cellaneous

19651

Jnly_- - 81, 105 141 4,311 85, 557 53, Lh 128, O24
August. - 30, 948 172 4,731 85, 851 54,307 129, 420
September. TG, 205 277 4,146 80, 718 54,811 121, 067

October..-...-2-. 71, 575 169
| 3, 862 75, 606 53, 151 121, 524 250, 281

Novembe - 54, 798 128 | 2, 662 57, 581 41, UN7 120, 521 220, 0409
Devember-.___.-- 39, 330: 121 1, 976 41,427 33, 628 118, 551 193, 606

1952

January... 31, 100 i444 1,474 32,718 26, 563 118, 621 177, 902
Febrnar - 38, 229 142 1, 686 35, 057 24, 434 115, 126 174, 617
March... 39, 205 108 1,075 40, 988 27, 512 116, 987 185, 487

57, 492 HO 4, 359 61, 961 37, 052 118,411 217,421
69, 757 124 6, 412 75, 293 4}, 932 122, 354 242, 579
383, 689 110 4,315 SS, OGL 53, 497 128, 338 269, 809

1 Average number of persons employed is computed as the mean of the weekly payroll counts made
during the calendar month.
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Table 15.—Mileage of designated Federal-aid systems, by State, as of June
30, 1952

Fedcral-aid primary highway system
Federal-aid
seondary

State or Territory highway
Total Rural Urban system

Miles Miles Aliles Miles
Alabama _ - 5, 120 4, 843 277 11, 110

Arizona 2, 522 2,442 80 2, 956
Arkansas - 3, 481 3, 346 135 13,011
California - 7, 223 6, 440 783 9, 403

Colorado 4,024 3,914 110 3, 695
Conneetieut _ - - 1,109 316 293 1,110
Delaware 527 488 39 1, 275
Florida - 4,321 3,910 411 10, 403

Geo g'2, - 7,128 6, 793 335 12, 507
Idaho 3, 475 3, 434 41 3, 407

iinois - ee nee eee 10, 328 9, 32 976 7, 888
indiana 4, 826 , 261 565 9, 046

Towa - - 9, 684 9, 3388 346 33, 040
Ka a &, 204 7, 986 218 21, 225
Kentucky__..---.-------------------------------------- 3, 883 3, 671 212 10, 960
Louisiana _ 2, 657 2, 429 228 5, 608

Maine - 1, 648 1, 563 85 2, 261
Maryland -_ 1, 941 1, 647 294 5, 370
Massachusttts....---.---------------------------------- 2, 058 1, 052 1, 006 2, 176
Michiga 6, 494 5, 985 509 16, 893

ota - 7, 388 6, 908 480 15, 426
Mississippi_ -- 4, 571 4, 409 162 8, 445
Missouri - 8, 206 7,975 231 14, 009
Montana 5, 872 5, 805 87 3, 251

Nebraska 5, 567 5, 430 137 10, 412
Nevada_.__-_------------------------------------------ 2, 201 2,173 28 2, 099
New Hampshire 1, 192 1, 065 127 1, 297
New Je ey_ - 1, 744 1, 212 532 1, 919

New Mexieo__ 4, 167 4, 025 142 4, 283
New Yok - 10, 438 9, 000 1, 438 19, 356
North Carolina : 7, 853 7, 002 351 13, 690
North Dakota -- 3, 267 3, 222 45 -10, 571

Ohio - 7, 659 6, 610 1,049 12, 884
Oklahoma _ - 7,411 7, 167 244 10, 633
Oego_ 3,915 3,739 176 4, 554
Pennsylvania__...---.--_--_-------------------+--+ ee 7,873 6, 675 1, 198 10, 734

RhodelIsla (V0 467 234 233 335
South Caroli a 4, 504 4, 284 220 10, 478
South Dak ta_ - 4, 233 4, 140 93 11, 912
Tennessee - 5, 210 4,951 259 9, 157

Texas. 022-2 15, 996 15, 379 617 23, 064

Utah___.-------------- 2,300 2.184 116 2, 904
Vemo 1, 238 1, 180 58 1, 786

Virginia - 5, 074 4, 780 294 16, 684

Washington 3, 454 3, 235 219 6, 801
West Virginia...-----.------.-.-------..- 2, 354 2, 122 232 11, 010

Wisconsin. 6, 101 5, 63 466 14, 004
Wyoming _ _ 3, 443 3, 399 44 1,834

District of Columbia 145 - 145 57
Hawa” __ ---- - 538 510 28 579
Puerto Rico 57 434 136 1,021

Total 235, 104 218, 594 16, 510 438, 033
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Table 16.—Mileage of the Natioual forest hiphway systen, by forest road class
! aad by State, as of Jun 30, F952

Region und Slate or Teritory Total Class 1 Class 22 Class 33

Western egion: Miles Miles Ailes Mtes
Arizona. - - 1, OAM. 2 406, 1 351.0 269.1
California 2, 166.0 674.0 405, 4 1, 482.5
Colorado - 1, 607.0 583.0 166.0 158.0
Tdaho. 1,322.0 6X3, 0 82.5 346.5

Monlana.....22..200 1, 10,5 fio. 0 $22.3
Novada..--- 413.7 147.2 25.7
New Mexico 54,0 207.0 5 145.0
Oregon | 1, $81.8 716.8 376.4 28, J

South Dakota... - - 302.0 101.0 12.0
090. 0 216.0 247.0

Washingtoit - 755.8 WA 263.5
Wyoming. | ----- 536.0 109.0 30.0
Alaska. 366. 6 366, 6

Tolal. eee eee 12, 314.6 5, 290.7 2, 737. 6 1,316.3

Easter region:
Alabama. 250. 9 105.9 112.6 32.4
Arkatsus........-.-. --- 633. 6 JH. 6 522.0 -
Plorida . 207.0 334.0 152.1 21.9
Georgia 349.7 153. 4 147.9 ds, |

Minois 306.8 245, 8 30.5 30.5
Indiana 101.2 53. 6 47.6
Kentucky- 352.9 131.1 180. 3 Wed
Louisiana 402.3 54,1 94.4 53, 8

Maine - 14.0 14.0
Michigan 1, 169.6 582.1 509. 8
Minnesota : : 718.8 256. 5 292.3 170.0
Mississippi - 507. 4 257.2 221.6 28.6

Missouri 935.7 379.7 471.3 134.7
Nebraska 29.8 12.0 17,8
New Hampshire 166.0 40.9 60. 6 64.5
North Carolina 839. 5 382.0 326.5 131.0

Ohio - 133.6 70. 4 34.1 29.1
Oklahom1_ - 48.5 31.5 17.0
Pennsylvania 353, 9 123.7 36.7 193.5
South Carolina - . 377.7 230.9 146.8

Tennessee 348. 3 165.4 148.9 34.3
Texas 307. 2 129.2 170. 5 7.8
Vermont 119.1 32.7 61.9 24.5
Virginia 1,351.8 399.9 773.6 178.3

West Virginia 484.1 78.4 364.7 41.0
Wiseonsi - 473.4 76.7 294.4 102.3
Puerto Rico 36.0 36.0

Total - - 11, 068.5 4, 125. 4 5, 230. 1 1, 713.3

Grand Total_ -23, 413, 4 9, 416.1 7, 967.7 6, 029. 6

1 Class 1.--Forest roads which are on the Federa]-aid rural primary system.
2? Class 2.—Forest roads which are on the Federal-aid secondary highway system.
3 Class 3.—Other forest highways.
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