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HIGHWAY PROGRESS, 1959
ANNUAL REPORT OF THE BUREAU OF PUBLIC ROADS

Summary Review of the Fiscal Year
HE fiscal year 1959! was marked by continued vigorous growth of the
expanded nationwide highway construction program inaugurated by the

Federal-Aid Highway Act of 1956, Interstate highways were being planned
and built across the country on vital urban and intercity routes while construc-
tion continued unabated on major highways and streets and on the vast mileage
of secondary roads.
Expenditures on all roads and streets, by all levels of government, for engi-

neering, right-of-way, and construction costs were estimated at $6.21 billion
in calendar year 1958 and it was anticipated that they would reach $7.14 billion
in calendar year 1959.
Highway usage continued to increase. Motor-vehicle registrations were fore-

east to reach a record high of 70.4 million in calendar year 1959, 3.1 percent
more than in the preceding year. During calendar year 1959, travel by these
vehicles will reach an estimated 700 billion vehicle-miles.
The Bureau of Public Roads had set a fiscal year goal of $3.075 billion in

Federal-aid obligations for surveys and plans, right-of-way acquisltion, and con-
struction. Actual obligations of the year totaled $3.223 billion, as compared
with $2.749 billion obligated in the previous fiscal year.
Federal-aid operations of the year were supported largely with funds author-

ized by the Federal-Aid Highway Acts of 1956 and 1958. On August 1, 1958,
Federal-aid funds for fiscal year 1960, amounting to $3.4 billion, were appor-
tioned to the States. The total of Federal-aid funds apportioned since the
passage of the Federal-Aid Highway Act of 1956 was thus brought to $10.55
billion.

Accomplishments of the year

Projects for the construction of 30,923 miles of improvements were programed
during the year in the Federal-aid and Federal highway programs. Contracts
were awarded during the year for improvements to 25,154 miles of roads and
streets. Construction put in place during the year involved $2.875 billion of
Federal funds, an increase of 74 percent over the previous year,
Completions of all classes of Federal-aid and Federal projects during the fiscal

year provided improvements on 32,828 niles of roads and streets. Incinded
were 31,715 miles of highways and 6,746 bridges on the Federn)-aid systems
and 1,113 miles of roads in national forests, parks, und purkways, and on
fiood-relief and access-road projects.
Hazards at railway-highway grade crossings were removed during the year

by elimination of 391 grade crossings, reconstruction of 36 inadequate grade-
separation structures, and protection of 402 crossings by instalkition of fhishing

1The fiscal year 1959 extended from July 1, 1958, through June 30, 1959.
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lights or other safety devices. These figures include the separation or protec-
tion of crossings encountered on new highway locations.
The linear mileage of highway improvements completed is not a full measure

of the facilities provided for traffic, since most of the Interstate and some of
the other Federal-aid construction were four or inore lanes wide. The 31,715
miles of Federal-aid projects completed during the year included 3,589 miles of
four-lane highways and 184 miles having six lanes or more. Thus, the year’s
Federal-aid project completions provided the equivalent of 71,336 miles of single-
lane construction.
At the year's end, in the Federal-aid program, construction was underway or

plans had been approved for improvements on 35,790 miles of highways and
streets. Included were construction of 11,278 bridges and the elimination,
reconstruction, or protection of 1,191 railway-highway crossings. The estimated
cost of this work was $8.0 billion, of which $5.9 bittion was Federal aid.
In addition, at the close of the year, the programs for construction of national

forest, park, and public lands highways, defense access roads, and flood-damaged
roads and bridges, included improvements underway on 1,578 miles, at a total
estimated cost of $138 million including $121 million of Federal funds.

The Interstate System
Federal-aid improvements under the primary, secondary, and urban programs

progressed on a larger scale than ever before, but the Interstate System main-
tained its position as the focal point of public interest in highways. As sections
were opened to traffic, more and more motorists began experiencing the ad-
vantages of the controlled-access freeway with its freedom from cross traffic,
greater comfort and safety, and savings in travel time and vehicle operating
costs. Residential, commercial, and industrial centers developed adjacent to
the Interstate right-of-way, in some cases, while highway construction was
barely underway.
Locating such important and complex facilities was not left to chance, The

State highway departments conducted extensive engineering and economic
studies and coordinated the Interstate locations with the arterial highway
systems in cities by close Haison with local officials and planning bodies, to
assure selection of locations in the overall public interest. Public hearings were
held so that proposals could be explained and the opinions and facts developed
by interested groups and individuals could be presented. The transcripts of all
hearings were carefully reviewed by the State highway departments and Public
Roads and all information and data presented were evaluated to assure that
the economic effect on local interests was considered in selecting the ultimate
location and design.
Interstate System projects, because of their dimensions, intricacy, and impact

on the areas they traverse, usually require several years to accomplish the plan-
ning and locating plus surveys, design, and acquisition of right-of-way, before
actual construction can be understaken. Only recently, therefore, could the real
impact of Interstate System progress be felt in terms of completed facilities.
The “Progress Report on the Federal-Aid Highway Program,” completed during
the fiscal year at the request of the Congress, showed that by December 31, 1958,
improvements substantially meeting approved standards and at least. adequate
for current traffic had been completed on 4,831 miles of the Interstate System
and that during calendar year 1958, 2,078 miles of high-type pavement were
placed under construction.

Interstate financing
Progress of the Interstate Systein program at the end of the fiscal year was

threatened by two financial problems. The first was immediate, and stemmed
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from a more rapid depletion of the accumulated highway trust funds than was
anticipated in the original legislation, resulting from accelerated spending called
for by the Federal-Aid Highway Act of 1958.
Under the Federal-Aid Highway Act of 1956, the Federal-aid program is

financed on a pay-as-you-go basis from Federal highway-user taxes which go
into the highway trust fund. Net income of the trust fund during the fiscal
year was $2.2 billion; expenditures from the fund for Federal-aid highways
amounted to $2.6 billion. This was the first year that expenditures had out-
weighed receipts. Apportionments for fiscal year 1960, which the 1958 act
directed were to be made in the full amount authorized, were considerably more
than anticipated revenues would be adequate to finance. It was recognized
that this action would deplete the surplus accumulated through the earlier years
of the trust fund and would preclude the apportioning of any funds for the Inter-
state System for fiscal year 1961. At the end of fiscal year 1959, congressional
action to remedy this situation was pending but had not yet been accomplished.
There was, in addition, a long-range problem of financing the Interstate Sys-

tem program. The new estimate of the cost of completing the Interstate System
presented to the Congress during fiscal year 1958 showed that Federal and State
matching financing required after July 1, 1956, amounted to $37.6 billion, as
compared with the $27.6 billion available from authorizations of the Federal-
Aid Highway Acts of 1954 and 1956 together with State matching funds.
A new detailed estimate of the cost of completing the Interstate System will

be presented to the Congress in 1961. From this estimate and the results of the
highway cost allocation study the Congress will have in 1961 a wealth of infor-
mation as a basis for considering the appropriate scheduling and financing of
Interstate and other Federal-aid programs; and for the equitable distribution of
taxes to support the programs among the classes of highway users and other
beneficiaries.

Construction contracts and prices
The Federal-aid highway construction program is accomplished under the

traditional American practice of competitive bidding for contracts let by the
States. Competition was spirited during the fiscal year, with an average of
seven bidders per contract. Approximately 600 new contractors entered into
bidding during the year. Awards for Federal-aid primary contracts averaged
slightly less than two contracts per contractor.
During the fiscal year, 9,987 Federal-aid construction contracts were

awarded: 4,461 on the primary system, of which 38 percent were for Inter-
state System work, and 5,526 on the secondary system. <AII contracts let for
urban work were included in the total for the primary system.
The trend of stabilization in highway construction bid prices, which began in

the second quarter of fiscal year 1957, continued throughout fiscal year 1959.
The net decrease during this period was 3.2 percent. The composite index for
the first quarter of fiscal year 1957 was 167.2 (1925-29 average=100) which was
11.9 percent above the low point of 149.4 at the end of fiscal year 1955, but the
index for the fourth quarter of fiscal year 1959 was 163.1 or 2.5 percent below
the first quarter of 1957.
Highway construction wage rates increased 5.0 percent during the year, but

as a result of continually improving productivity in highway construction, the
cost of labor increased only 1.0 percent. The costs of highway construction ma-
terials rose 1.8 percent and equipment ownership costs increased 3.1 percent
during the year. The weighted average increase of labor, materials, and equip-
nent ownership costs was 1.7 percent compared with an increase of 2.8 percent
in the previous year.



Research
Public Roads, in cooperation with the State highway departments and others,

completed an intensive study in the field of highway safety and continued two
other studies involving the allocation of highway cost responsibilities and bene-
tits and the maximum desirable vehicle size and weight limitations. Al) of these
studies were undertaken in connection with three reports requested by the
Congress.
In its own offices and laboratories, and through cooperative projects, Public

Roads continued to carry on research in a wide range of fields related te high-
ways and transportation, Public Roads is also collaborating with the States
und others in the AASHO Road Test, an intensive investigation of the perform-
ance of cement concrete and bituminous pavements and of bridges under varied
weights of controlled traffic.

Other subjects of note

All projects financed with so-called “D’ funds, the special $400 million
authorized under the Federal-Aid Highway Act of 1958, were placed under
contract by December 1, 1958, according to schedule.
Public Roads operations in foreign countries continued to bear fruit. A

difficult 25-mile gap on the Inter-American Highway in northern Guatemala
was graded and opened to traffic. In other Central American countries, many
sections of the same highway, which were formerly described as only passable,
were being paved. During the fiscal year, Public Roads missions in Lebanon
and the Sudan were expanded while assistance to Turkey was terminated after
successful accomplishment of the mission.
Engineering productivity continued to increase with the constantly expanding

use of electronic computers, aerial photography, and other scientific develop-
ments. Modern techniques, applied during the planning and design phases of
highway projects, produced considerable savings in construction costs and
released funds which were made available for additional urgently needed
highway work.
For those who are unfamiliar with the Federal-aid program, a brief account

of its development follows. Accomplishments of the year on the several Federal-
aid systems and the Federal lands highway programs plus detailed information
on the subjects previously mentioned can be found in individual presentations
in other sections of this report. Supporting statistics, both in summary and
detail, appear in the appendix tables.

Development of the Federal-Aid Program
Federal aid to the States for highway improvement had its modest beginning

in the Federal-Aid Road Act of 1916. Through the years, without interruption
except in World War II, the program has continued to grow in size and impor-
tance commensurate with the explosive growth of motor-vehicle transportation
in the United States. For almost three decades, use of Federal aid was
restricted to rural portions of what now constitutes the Federal-aid primary
highway system, an extensive network including most of the country’s main-
traveled roads. Since 1944 Federal aid has also been extended to the urban
portions of this system, and to a Federal-aid secondary highway system of
farm-to-market roads.
In 1944 also, the National System of Interstate and Defense Highways was

brought into being. This Interstate System, as it is commonly called, is limited
to 41,000 miles in extent, and constitutes the most important portions of the
Federal-aid primary system. Federal-aid funds, however, were not specifically
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authorized for the Interstate System, or were provided only in relatively modest
amounts, until 1956.
The Federal-Aid Highway Act of 1956, augmented by the Federal-Aid High-

way Act of 1958, authorized a tremendously enlarged highway program which,
in its entirety, will be the greatest peacetime construction program in history.
While extending at an increased rate the traditional aid for primary, second-

ary, and urban highway improvements, the act authorized Federal aid over a

13-year period for completion of the Interstate System. The 1956 act also
established a Federal highway trust fund to receive Federal highway-user
excise taxes and from which funds for Federal highway aid are disbursed.
The Federal-aid authorizations are made in four categories: For the Inter-

state System, and for primary, secondary, and urban highways—the latter
group now often referred to as the ABC program. The 1956 and 1958 acts
authorized $25.6 billion of Federal aid for the Interstate System, spread over
the 13 fiscal years 1957-69. Authorizations for the ABC program, usually made
biennially, have risen $25 million annually in recent years, from $825 million
for fiscal year 1957 to $925 million for 1961. Federal-aid funds are apportioned
among the States according to formulas prescribed by law.
Interstate funds are matched by the States on a 90-percent Federal, 10-percent

State basis: the ABC funds are matched 50-50. States with large areas of
public lands match on a proportionately reduced scale. Federal aid may be
used only for highway improvements, not for maintenance. The program is a

cooperative enterprise in which the States have the initiative and responsibility
for the selection, design, and construction of the Federal-aid projects, subject
to review and approval of each stage by the Bureau of Public Roads.
As of December 31, 1958, the Federal-aid primary system totaled 260,170 miles

in extent, including the Interstate System. There were 004,993 miles in the
Federal-aid secondary system. The urban portions of the primary and secondary
systems totaled 34,052 miles.

Legislation
On November 10, 1958, national standards for regulation by States of out-

door advertising signs, displays, and devices adjacent to the National System
of Interstate and Defense Highways were issued in conformity with the intent
of Congress as set forth in section 12 of the 1958 act, now codified as section
131, title 23, United States Code. Prior to their adoption by the Secretary of
Commerce, tentative standards were published in the Federal Register on August
28, 1958, and all who were interested were invited to submit their comments,
criticisms, and suggestions. Some 275 pieces of correspondence were received,
analyzed, and correlated before final action was taken.

During the 1959 State legislative sessions, more than 30 States considered

legislation to control advertising along the Interstate System in accordance with
the national policy established by Congress. Most of the bills did not receive
favorable consideration, and only a few States have enacted legislation which

may enable them to implement control to the extent necessary to comply with
the law and the standards. In addition, a few State legislatures postponed
action on the subject pending reports by legislative study groups.

Codification of Federal highway laws

The Federal laws pertaining to highways were set forth in more than 40

separate enactments, beginning with the original Federal-Aid Road Act of
1916. Many of these enactments, at least in part, overlapped, were contradictory,
or were obsolete.
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In response to the direction of Congress made in section 12 of the Federal-Aid
Highway Act of 1954, the Department of Commerce recommended to the Con-
gress a draft of a bill to consolidate, in a single codified law, all of the pertinent
and permanent portions of existing Federal highway legislation. The bill was
enacted and approved on August 27, 1958, as Title 23, United States Code,
“Highways.”

The National System of Interstate and Defense Highways
The National System of Interstate and Defense Highways is a planned, inte-

grated network of the Nation’s most heavily traveled routes, connecting the
country’s metropolitan areas and industrial centers, serving the national defense,
and connecting with rontes of continental importance in Canada and Mexico.
Created hy the Federal-Aid Highway Act of 1944, the general locations of
37,700 miles of city-to-city routes were officially designated in 1947, and 2,300
mniles of routes into, through, and around cities were designated in 1955.
The Federal-Aid Highway Act of 1956 provided a 1,000-mile increase in the

limitation of the Interstate System, bringing its total extent to 41,000 miles.
In connection with this permitted expansion, the States proposed selections for
additions to the system totaling 13,775 miles. The proposals were considered
on a national basis, as required by law, taking into account as basic factors the
needs of national defense, system integration, transportation requirements of
industry and agriculture, and population service.
Meanwhile, it was found that a considerable mileage saving had resulted

from adoption of more direct alinements than the existing highways, as the
States selected detailed locations for the routes of the originally designated
40,000 miles of the system. As a consequence it was possible to select for sys-
tem designation 1,000 miles of routes under the allowable expansion and an
additional 1,102 miles of routes from the mileage savings realized.
As of December 31, 1958, the designated Interstate System totaled 40,675

miles, of which 35,917 were rural and 4,758 were urban. The remainder of
the 41,000-mile limitation, amounting to 325 miles, was not assigned to routes
but was held in reserve for adjustments of route lengths as final locations were
selected and projects were built. The States continned economic and engineer-
ing studies to determine the most feasible locations for the Interstate route
sections and by the end of the fiscal year, general locations for 40,105 miles
had been selected by the States and approved by Public Roads. Included in
the Interstate System were nearly 2,300 miles of toll roads. The Federal-aid
Highway Act of 1956 permits their inclusion, although Federal aid may not be
used for their improvenient.
Until 1956, only limited amounts of Federal-aid funds were specifically au-

thorized by Congress for Interstate System improvement, although Federal-aid
primary and urban funds could be and were used to a considerable extent for
that purpose. The picture changed radically when the Federal-Aid Highway
Act of 1956, now augmented by the Federal-Aid Highway Act of 1958, authorized
a total of $25.625 billion over the 13-year period 1957-69 for completion of the
Interstate System. These funds are matched on a 90-percent Federal, 10-per-
cent State basis.
The $4.9 billion total of Interstate authorizations for fiscal years 1957, 1958,

and 1959 were apportioned to the States prior to fiscal year 1959. On August
1, 1958, the $2.5 billion for fiscal year 1960 was apportioned.
Improvements programed during the year on 3,228 miles of the Interstate

System were estimated to cost $2.71 billion, including $2.26 billion of Federal-
aid Interstate funds.



Improvements involving Federal-aid Interstate funds were completed during
the fiscal year on 2,290 miles of the Interstate System at a total cost of
$1,325,106,938, of which $1,039,300,909 was the Federal share. Completed work
involved 1,856 miles of bituminous and portland cement concrete surfacing,
894 miles of grading, drainage, and temporary surfacing, and 40 miles of struc-
tures involving 565 bridges over streams, 1,112 bridges over highways to provide
traffic grade separations, and 133 railway-highway grade-separation structures.
At the end of the year planning and construction were going at a rapid pace

across the Nation. A total of slightly over $1 billion was in program status, and
3,884 projects with a total estimated cost of $4.8 billion were underway or sched-
uled to start soon.
Final detailed route selection, surveys and plans, right-of-way acquisition, and

construction of projects of the magnitude and complexity involved in the Inter-
state System often take 3 or 4 years from initial conception to final completion.
Many route sections were being built in stages, with an initial project providing
for grading and drainage and a subsequent project providing the pavement.
Excluding projects that have only been programed, a total of $6.5 billion

had been obligated for the Interstate System at the end of the year, of which
7 percent was for preliminary engineering, 25 percent for right-of-way acquisition,
and 68 percent for construction. At the end of the previous year $4.0 billion
had been obligated, of which 63 percent was for construction.
Further information of interest concerning the Interstate System is contained

in the next section of this report, as well as in the sections on legislation, reports
to Congress, and the highway trust fund.

Interstate System Progress: Case Histories

Throughout the Nation, development of the National System of Interstate
and Defense Highways continued to gather momentum. Signs of progress were
everywhere. As construction on some projects reached completion, and as
broad ribbons of freeway were opened to traffic, the public began to realize
that the dreams of a few years ago were now becoming a reality. Statistics
on funds obligated, mileage of construction underway, and number of projects
completed effectively measure performance but a clearer picture of nationwide
progress may be gained by examination of individual State activities. It is
possible, of course, to present only brief glimpses of a random selection of typical
projects completed or underway during the year.
Arizona is rapidly finishing a section of Interstate Route 17 south of Flag-

staff. The completed route, passing through a scenic transition from desert
to high plateau, will shorten the distance between Phoenix and Flagstaff by
10 miles.
California, in the fiscal year, completed the second Carquinez Bridge and its

freeway approaches. Motorists will derive tremendous user benefits from this
work by saving 2 miles in distance and 20 minutes in time driving from Sacra-
mento to San Francisco. An outstanding construction feat in building the
six-lane 4-mile-long freeway approach to the bridge was the excavation of 9
million cubic yards of earth and rock from the “Big Cut.” In southern Cali-
fornia, a 4-mile section of the San Diego Freeway was opened to traffic, eliminat-
ing a bottleneck at San Juan Capistrano, famous for its old Spanish Mission.
Construction was underway on another 16 miles of Interstate Route 5. Com-
pletion of this work will provide a continnous freeway from Los Angeles south-
erly for a distance of 65 miles.
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Separate roadway design euhances the vista and reduces the effects of head-
light glare on this scenic section of Interstate Route 80 through the Truckee
River canyon in Nevada. (Full control of access will be ultimately acquired.)

In Colorado, the final section of the Valley Highway in Denver was com-
pleted and opened to traffic. This 11-mile portion of Interstate Route 25 required
62 bridges. Ifarther south in Colorado, another portion of Route 25 was com-
pleted when the 9-mile Pueblo Freeway was opened to traffic. Both of these
expressways, going through their respective cities, serve through traffic and
aid in the collection and distribution of local traffic.
Connecticut completed two bridges over the Connecticut River during the

fiscal year. One of these, the Founders Bridge and its interchange at Hart-
ford, presently serves predominantly local traffic, but will soon function as part
of a complex of interchanges knitting together Interstate Routes 91 and 84
With several urban expressways on both sides of the river. The other bridge,
on Route 91 at Windsor Locks, is a six-lane structure providing relief for
through traffic formerly forced to use a narrow, two-lane truss bridge about a
mile to the north.
In Florida, all work on Interstate Route 95 through Jacksonville, and on

40 miles of Interstate Route 10 westerly from Jacksonville, has been let to
contract. A portion of the north-south route was completed and opened to
traffic during the year, resulting in a marked decline in congestion and accidents.
Idaho recently completed a 7-mile section of Interstate Route 90 over the

summit of the Fourth of July Canyon east of Coeur d'Alene. This four-lane
divided section, which cost $3.5 million, replaces a winding, inadequate road
and a narrow +400-foot tunnel built in’ the early 1930's, Just a century ago
Lt. John Mullan and an Army contingent built the historic wagon road, through
this mountainous terrain, that came to bear his name.
In Illinois, a portion of Interstate Route 74, the Peoria Expressway. was

opened to traffic during the fiscal year. This new facility provided a much
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needed north-south arterial and a new high-level river bridge replacing an
old 18-foot pavemént and a bascule span which, when open for river traffic,
caused extreine congestion. The new structure over the Iinois River provides
a 500-foot navigation channel with a 46-foot vertical clearance.
In Iowa, working in cooperation with the U.S. Corps of Engineers, Sioux

City, and the Chicago & Northwestern Railroad, the State highway commission
is completing the construction of Interstate Route 29 at Sioux City. To permit
the highway to pass close to the business district, stockyards, and industrial
areas without exorbitant property damage, a considerable area of the Missouri
River channel was reclaimed. Widening of a cut in the bluffs for relocation
of the railroad provided material for the river fill.
In Kansas, a 21-mile section of Interstate Route 70 was nearing completion,

bypassing Abilene on the north and Junction City on the south. To the west,
another 22-mile section of the same route was nearly finished.
In Kentucky, progress was being made on the important Covington-Lexington

portion of Interstate Route 75. A 7-mile section of six-lane highway costing over
$10 million was under construction within the urban area of Covington, to
replace a congested four-lane highway which has substandard horizontal curva-
ture, narrow lanes, and a high accident rate. Traffic has grown on this route
from 10,000 vehicles per day in 1946 to 21,000 in 1956, and is expected to reach
42,000 by 1975. Grading was underway on 26 additional miles along this route.
In Maine, the fall of 1960 will find 29 new miles of Interstate Route 95

complete and open to traffic, including 24 miles between Augusta and Waterville
and a 5-mile section bypassing Bangor on the west and north. This mileage,
coupled with that portion of the Maine Turnpike incorporated in the system,
will provide the motorist with effective bypasses of ali the larger urban areas
along the route.
In Maryland, 7 additional miles of the Beltway in southwest Baltimore were

opened to traffic during the year. This section, in conjunction with the Harbor
Tunnel, completes a bypass of the city for east-west traffic on U.S. Route 40.
A 2-mile Beltway section north of Baltimore was also completed.
Massachusetts recently dedicated the Southeast Expressway on Interstate

Route 95 in the Greater Boston-South Shore area. This six-lane facility is 20
miles long and runs through the heart of downtown Boston, connecting the
city’s northern and southern suburbs.
In Michigan, the 34-mile-long Fenton-Clio Expressway, which cost $23 million,

was completed at the beginning of the fiscal year. Nearly 22 miles of this
facility are on Interstate Route 75 and form a western bypass of the city of
Flint. Although 12 miles of this expressway were built with Federal-aid pri-
mary funds, which were matched equally by the State, the entire expressway
was built to Interstate standards. Comparative studies of the old and new
routes showed a saving of 30 minutes travel time going throngh Flint and
an increase of 32 percent in vehicle-miles traveled in the Flint area. <A 12-
month before-and-after study of the route revealed that on the south 14 miles
of the old location there were 264 accidents with 4 killed and 153 injured.
On 15 miles of the new location, in a comparable period, there were 27 acci-
dents with none killed and only 16 injured.
In Nebraska, over 17 miles of Interstate Routes 80 and 280 approaching

Omaha were nearing completion. A 6-mile section of this is open to traffic.
The northeasterly segment, still under construction, consists of a three-level,
directional interchange with Interstate Route 280, the western bypass of Omaha.
Connections are also furnished to the two principal routes into south Omaha
where the world's largest livestock market is located.
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Interstate Route 89, west of Concord, N.H., showing the wide median and inde-
pendent roadway design, preserving the natural growth in the median.
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Traffic rolls swiftly and smoothly on this section of the Pacific Highway, Inter-
state Route 5, south of Salem, Oreg.
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In New Hampshire a 4-mile section of Interstate Route 89 has been completed
south and west of Concord. Although this route is principally a north-south
facility, the recent construction will also materially benefit traffic in the east-
west corridor of U.S. 202 between Hopkinton and Concord. Particular attention
was given, during construction, to screening borrow areas, preserving natural
growth, and accentuating scenic panoramas.
In North Carolina, a 9-mile section of Interstate Route 95 has been completed

and opened to traffic, skirting the northwest portion of Charlotte. This new
four-lane facility replaces a route over congested, narrow streets within the
city. It satisfies a longstanding need for through-traffic in this industrial and
commercial Piedmont section of the Carolinas.
North Dakota opened a 39-mile, four-lane divided Interstate highway between

Jamestown and Valley City during the year. Included in the work were 35
major structures carrying the Interstate route over 2 rivers and separating it
from 4 railroads and 17 crossroads.
In Oregon, over 9 miles of the Albany-Salem section of the Pacific Highway,

Interstate Route 5, were recently opened to traffic. To produce this new facility
in the Willamette River Valley, the existing two-lane highway was used as
northbound lanes, and two southbound lanes, seven interchanges, and a new
bridge over the Santiam River were added at a cost of $4.5 million.
In Pennsylvania, the Fort Pitt Bridge and the westbound sections of the Penn-

Lincoln Parkway in downtown Pittsburgh were opened to traffic, making it pos-
sible to drive through the Golden Triangle without encountering any traffic
lights.
In Rhode Island, the East Providence Expressway was nearing completion.

In union with work currently underway in Massachusetts it will tie the cities of
New Bedford, Fall River, and East Providence to the principal Maine-to-Florida
Interstate Route 95 as it passes through Providence.

Interstate Route 90 northwest of Rapid City, S. Dak.
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Texas Interstate Routes 35 and 20 intersect at this four-level interchange in
Fort Worth.

South Dakota recently completed construction on 7 miles of Interstate Route
90 between Sturgis and Rapid City at a cost of less than $400,000 per mile.
‘traffic in this area, bolstered by the tourist attraction of the Black Hills, is
expected to reach 5,800 vehicles per day in 1975. An additional 17-mile section
including a spur into Rapid City was under construction.
Tennessee had more than 60 miles of construction underway on Interstate

Route 40. Most of this work was in extremely rugged terrain between Knox-
ville and Nashville, where many deep cuts through solid rock were necessary.
In Texas, Interstate Route 35 from a point north of Dallas to the Oklahoma

State line was moving rapidly toward ultimate development. The fiscal year
saw completion, at a cost of $1.3 million, of the intricate interchange of Inter-
state Highways 35W and 20 in Fort Worth. This is a four-level facility provid-
ing direct connections for all through and turning movements. Over 100,000
vehicles are predicted to pass through this interchange daily in 1975.
In Utah, nearly & miles of Interstate Route 15 in the mountainous southwest

corner of the State were under construction, to replace a portion of U.S. 91
which has a high traffic accident history. A dual six-lane facility with a fore-
casted 1975 daily traffic of

5,000
vehicles is being built on Route 15 in the north-

west part of Salt Lake City.
Virginia completed its first Interstate section during the year on Route 95

west of Emporia in the southern part of the State. More than 6 miles of the
same route were under construction north of Richmond at a cost of $2.2 million.
This will be a six-lane, divided facility, with median widths varying from 64 to
over 250 feet, built to carry an anticipated 70,000 vehicles per day in 1975.
In Washington, the Olympia Freeway, a 6-mile section of Interstate Route 5,

was opened to traffic. This facility, designed for nearly 30,000 vehicles per day,
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removes through traffic from the streets of Olympia and has reduced travel-
time across the city from 25 minutes by the old route, to 7 minutes by the
freeway.
In Wisconsin, the 24-mile section of Interstate Route 94 from the Illinois State-

line northerly was nearing completion. The new road in this area replaces an
obsolete four-lane divided highway, which lacked access control and had consid-
erable ribbon development. One roadway was retained as a frontage road, and
provided an efficient detour during construction.

Federal-Aid Improvement of Primary Highways

The Federal-aid primary highway system, as of December 31, 1958, comprised
260,170 miles of the principal highways of the Nation, and included 237,177
miles of main rural roads and 22,993 miles in urban areas. These mileages
include the Interstate System, which by law is a part of the primary system.
Federal-aid primary fund authorizations, which may be used on either rural

or urban portions of the primary systeni, have ranged upward in recent years
from $247.5 million in fiscal year 1954 to $416.25 million for 1961. The funds for
fiscal year 1960, amounting to $405 million, were apportioned to the States on

August 1, 1958.

During the fiscal year 6,039 miles of improvements, estimated to cost over

$822 million and involving nearly $434 million of Federal-aid primary funds
were programed.

A recent primary project, near Bailey, Colo., removed a number of treacherous
curves and steep grades on U.S. Route 285 through the Colorado Rockies.
The basic two-lane section in this area was widened where necessary to pro-
vide for truck lanes and channelization of intersections.

13

4

ale

maligne. iy



Federal-aid assumes sizable proportions in the Caribbean as shown in this view
of a recently completed primary project in Rio Piedras, south of San
Juan, P.R.

Improvements involving Federal-aid primary funds were completed during
the year on 7,135 miles of the Federal-aid primary system at a total cost of
$781,422,900 of which $407,093,142 was Federal aid. The projects completed
included 6,028 miles of bitnininous and portland cement concrete surfacing, 1,174
bridges over streams, and 208 bridges over highways to provide traffic grade
separations. In addition, railway-highway crossings were eliminated by con-
struction of 128 grade-separation structures; 18 other structures were recon-
structed; and 134 grade crossings were protected by instaHation of signal
devices.
Some of the above work was made possible through the special “D’ funds

authorized by the Federal-Aid Highway Act of 1958 and described in a sub-
sequent section of this report.
An increasing proportion of the Federal-aid primary system was being built

as multilane, divided highways, some with partial or full control of access.

Federal-Aid Improvement of Urban Highways
Highways in urban areas eligible for improvement with Vederal aid totaled

22,993 miles on the Federal-aid primary system and 11,059 miles on urban ex-
tensions of the Federal-aid secondary highway system. During the fiseal year
42 percent of all work programed on the Interstate System was for improve-
ments in urban areas. This is commensurate with the Interstate System cost
estimate study, which indicated that 44 percent of the total cost would be occa-
sioned by such work. During the year, in addition to funds approved from the
Federal-aid urban authorization, 8 percent of all primary highway funds was
approved for urban highway work.
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Rapid uninterrupted traffic service between Miami and Miami Beach is afforded
by this new high-level bridge and its approaches constructed with Federal-aid
urban funds. It replaces a narrow bascule bridge which was frequently
opened for Intracoastal Waterway traffic.

During the past fiscal year plans approved for Federal-aid construction proj-
ects in urban areas totaled $1,625,228.036 and covered 1,277 miles of highway
improvement. Of this total, $1,090,834,352 was Federal aid comprised of $235,-
608,387 from the urban authorization, $33,355,752 from the authorization for
improvement of primary highways, $785,393,406 from Interstate funds, and
$30,151,575 from the $400 million of special “D” funds authorized by the Federal-
Aid Highway Act of 1958.

Including the special funds, Federal-aid construction work in urban areas
completed during the fiscal year consisted of 1,193 miles of highway improve-
ment costing $1,163,864,154 of which $741,593,739 was Federal aid. The com-

pleted work included 1,083 miles of bituminous and portland cement concrete
surfacing, 228 bridges over rivers and streams, and 615 bridges to provide
traffic grade separations between crossing highways. In addition to these
structures, 110 railway-highway separation structures were completed, 12 exist-
ing structures were reconstructed for greater capacity, and 64 railroad grade
crossings were protected by the installation of signal devices.

Secondary or Farm-to-Market Roads
The Federal-aid secondary network of farm-to-market, feeder, school-bus, and

mail-route roads is the largest of the Federal-aid highway systems. The length
totaled 554,953 miles as of December 31, 1958, including 11,059 miles of exten-
sions into or through urban areas. The authorizations for this system were
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$262.5 million, $270 million, and $277.5 million for the fiscal years 1959, 1960,
and 1961, respectively.
In addition, $128 million of the special “D’” funds authorized by the Federal-

Aid Highway Act of 1958 were committed by the States for projects on the
secondary system.
Including the special funds, a total of 21,317 miles of improvements, estimated

to cost over $779 million and involving about $429 million in Federal-aid sec-

ondary funds, were approved during the fiscal year 1959. During the same
period improvements were completed on 19,144 miles of the secondary system
at a total cost of $556,669,418, involving $295,717,357 in Federal-aid secondary
funds. Of the improvements completed, 11.964 miles involved bituiminous or

portland eement concrete surfaces, 5,251 miles were gravel or stone surfaced,
and 1,846 miles were graded and drained preparatory to receiving surfacing.
Also completed were 2,560 bridges over streams and 14 bridges over highways
to facilitate the free flow of traffic; the completion of 31 new railway separation
structures and the reconstruction of 2 others; and protection of 232 other rail-
way-highway crossings by signal devices,
For the 14 years that Federal funds for the secondary program have been

apportioned to the States, a total of 42,825 projects involving 171,347 miles of
improvements had been completed (as of June 30, 1959). The projects have
been widely distributed each year through an average of 2,000 counties, with
an average of about 3,500 projects being completed each year.
The Federal-aid secondary program differs considerably from other Federal-

aid highway programs. The system is not limited in length by Federal legis-
lation. The only limitation is that mileage which can be properly constructed

A well-graded gravel road, built with secondary funds, serves the farming and
livestock producing communities in Coffee County in south-central Tennessee.
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and maintained in an individual county or State. The roads which make up
the system are those which, in the opinion of State and county officials acting
jointly, are of principal community importance. The selections are then sub-
ject to Public Roads approval. All projects must be selected cooperatively by
the State highway department and local highway officials. Likewise, if the
county contributes to the cost of construction or maintenance of a project, the
State and county must cooperate in the determination of the improvement
specifications.
Another difference is that under the provisions of the 1954 act the adminis-

trative procedure between Public Roads and the States in carrying out the
secondary program has been simplified, with the States assuming greater respon-
sibility. The new procedure is a voluntary one and at the end of the fiscal
year 1959 all but Indiana, the District of Columbia, West Virginia, Alaska,
and Hawaii had adopted it. (West Virginia subsequently adopted the plan
effective July 1, 1959.)
In June 1959 the Board of County Consultants, a nine-man panel formed to

advise in the formulation of policies affecting counties in the Federal highway
programs, met with Public Roads officials in Washington. The Board, after
nationwide consultation with State and county officials, expressed the opinion
that there was general satisfaction with the prosecution of the secondary
program.

Special Federal-Aid Authorization

The Federal-Aid Highway Act of 1958, in addition to the regular biennial
authorizations of primary, secondary, and urban funds (the so-called ABC

Emergency “D” funds were used to construct two additional lanes on this thor-
oughfare bypassing the town of Plymouth in the South Shore—Cape Cod area
of Massachusetts.
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funds), provided $400 million to accelerate the highway program and stimulate
the economy. (These funds are called “D” funds to differentiate them from
the regular ABC funds.) The $400 million was apportioned to the States on

April 16, 1958, using the ABC fund formulas, but the legislation provided that
the money could be used without regard to the normal proportional distribution
applicable to authorizations for the Federal-aid primary and secondary systems
and their urban extensions. The act provided for matching of the “D” funds
on a two-thirds-Federal, one-third-State basis, rather than the usual 50-50 basis,
but with the customary adjustment for States having extensive areas of public
lands. To aid the States in meeting up to two-thirds of their matching share,
$115 million (so-called ‘“‘L” funds) was also authorized as an advance. Funds
thus advanced to the States are to be deducted in equal installments from the
apportionments for the fiscal years 1961 and 1962. As required by the 1958 act,
all of the “D” funds had been placed under contract hy December 1, 1958, with
the provision that construction must be completed by December 1, 1959

On June 30, 1959, $236 million of the $400 million of special “D” funds was
obligated on primary projects for 5,857 miles of construction, $128 million for
6,040 miles of secondary projects. and $36 million for 231 miles of urban projects.
These data are included in the statistics cited in the sections of this report deal-
ing with Federal-aid improvements of primary, secondary, and urban highways.
More detailed data, and a breakdown by individual States, can be found in
tables 15 and 16 in the appendix.

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 or other catastrophes of extraordinary character and ex-
tent. Such aid is possible under an authorization permitting the use of avail-
able emergency funds without waiting for legislative action following each

catastrophe. The Federal-Aid Highway Act of 1956 provided a continuing au-
thorization of amounts not to exceed $30 million annually for this purpose.
During the months of July, August, and September 1958, and in January

1959, extraordinary rainfall in Iowa, Ohio, and West Virginia caused major
flooding resulting in serious damage to highways. Flood damage in previous
years also led other States to request allocations of emergency funds to assist
in the reconstruction of damaged highways on their Federal-aid systems. Allo-
eations of emergency funds totaling $3,278,094 were made during the fiscal year
to six States for rehabilitation work estimated to cost $6,556,200. Amounts
allocated were as follows: California, $1,521,907; Iowa $1,183,458; Ohio,
$427,350; Oklahoma, $48,925; Mississippi, $26,294; and West Virginia, $120,160.

Highway Trust Fund

The Federal-Aid Highway Acts of 1956 and 1958 provided authorizations
totaling $25,625 million for the fiscal years 1957 through 1969 for improving the
National System of Interstate and Defense Highways. The legislation also pro-
vided authorizations for the fiscal years 1957 through 1961 for continuing the
regular program of Federal-aid primary, secondary, and urban highway im-
provement. Under the provisions of the Highway Revenue Act of 1956, the
highway program would be financed from revenue accruing to the highway trust
fund established by the act.
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Sources and amounts of income to the highway trust fund for the fiscal years
1957, 1958, and 1959 were as follows:

Amount
Item Rate Millions

Gasoline and diesel fuels 3 cents per gallon $4, 766

Trucks, buses, and trailers.._._ 5 percent of manufacturing 252
price.

Tires 8 cents per pound 618
Innertubes 9 cents per pound
Tread rubber 3 cents per pound 36

Heavy vehicle use $1.50 per 1,000 pounds gross 93
vehicle weight.

Interest earnings 35

Total $5, 800

After deducting allowable refunds of $187 million for taxes paid on gasoline
used for nonhighway purposes, a net total of $5,613 million was available for
highways during the 3-year pericd. This total was $46 million greater than
the original estimate of $5,567 million prepared in 1956.

Expenditures from the highway trust fund for Federal-aid highways totaled
$966 million during the fiscal year 1957, $1,511 million during the fiscal year
1958, and $2,613 million during the fiscal year 1959, for a total of $5,090 million.
On June 30, 1959, the unexpended balance in the fund was $523 million includ-
.ing $429 million in U.S. securities.

Under the provisions of section 209(g) of the Highway Revenue Act of 1956,
the full amounts authorized to be appropriated for the Interstate System cannot
be apportioned to the States if the estimated revenues to be placed in the high-
way trust fund will not be sufficient to defray required expenditures from the
fund. The Federal-Aid Highway Act of 1958 suspended the limitations of this
section for the 1959 and 1960 fiscal year apportionments and in addition provided
increased authorizations for the fiscal years 1959, 1960, and 1961, as an anti-
recession measure and to keep the Interstate program on schedule.
Additional revenues were not provided, however, to cover the increased ex-

penditures resulting from the 1958 act. As a consequence, it became evident that
under existing legislation there would be a deficit in the highway trust fund
beginning in the fiscal year 1960.
Congressional action was necessary to maintain a balance between trust fund

revenues and expenditures. In keeping with the President’s budget recommenda-
tion for the fiscal year 1960, draft legislation was submitted to the Congress
providing for a temporary increase in Federal motor-fuel taxes from 3 cents
to 4% cents per gallon, to be levied during the fiscal years 1960 through 1964.
Enactment of this legislation would avoid a deficit in the highway trust fund
and permit apportionments of Interstate funds for 1961 and 1962 in accordance
with authorized amounts. Action on this legislative proposal had not yet been
taken on June 30, 1959.
In 1961 the Congress, with the benefit of two basic reports, covering a revised

estimate of cost of completing the Interstate System and a study of the bene-
ficiaries of the highway systems, will have the opportunity to study appropriate
financing and scheduling of apportionments to complete the Interstate System
as originally contemplated and to consider what continuing taxes should be
imposed and the equitable distribution of such taxes for highway purposes.
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Reports to the Congress
The Federal-Aid Highway Act of 1956 and its companion Highway Revenue

Act, and the Federal-Aid Highway Act of 1958, called upon the Secretary of
Commerce to undertake a number of studies, in cooperation with the State high-
way departments, and report their findings to the Congress. Each of these re-
ports was designed to provide extensive basic information and serve to guide
the Congress in its consideration of the Federal role in highway improvement,
use, and financing.
Accomplishment of the studies was delegated by the Secretary of Commerce

to the Federal Highway Administrator. The first Interstate System cost esti-
mate and the reimbursement study were submitted to Congress during fiscal year
1958 and were described in last year’s annual report. Of the remaining studies,
two were completed during fiscal year 1959; the others were underway. In addi-
tion to the work reported in the following paragraphs, much of the research
described in the latter pages of this report. was directly or indirectly related to
these studies.

Progress of the Federal-aid highway program
Section 116(b) of the Federal-Aid Highway Act of 1956 directed the Secretary

of Commerce to submit to the Congress, not later than February 1, 1959, a re-
port on the progress made toward completion of the Interstate System in ac}
cordance with the stated objectives.
With the cooperation of the State highway departments, the Bureau of Public

Roads collected the necessary data for inclusion in the report, “Progress Report
on the Federal-Aid Highway Program” (H. Doc. No. 74, 86th Cong., 1st sess.),
which was presented to the Congress on January 30 1959
Because of the dimensions and complexity of Interstate System projects,

several years of planning, location, design, and right-of-way acquisition are re-

quired before actual construction can be undertaken. With this in mind,
progress in the early stages of the program was pieasured in terms of funds
obligated, actual construction, and the necessary preliminary steps.
By the end of calendar year 1958 about 12 percent or 4,831 miles of the

Interstate System had heen completed to standards and were at least adequate
for current traffic volumes. Of this total, 4,701 miles were open to traffic. In
addition, improvements had been completed on 2,665 miles or 7 percent of the
total, but additional work was required to attain adequacy. Construction was

underway or authorized on 3,967 miles or 10 percent of the total.
Right-of-way was available and surveys and designs were complete for an-

other 342 miles. Such preparatory work was underway or authorized on an
additional 16.501 miles or 41 percent of the total.
The work underway or completed at the end of the calendar year had a total

estimated cost of $6.5 billion, including $4.8 billion of Federal-aid Interstate
funds.
Of the 4,881 miles of the Interstate System completed to standards and at least

adequate for current. traffic, work on 1,622 miles had been accomplished with
Federal-aid Interstate and matching funds, 2,213 miles were toll facilities, and
996 miles had been built with Interstate funds available prior to the 1956 act,
with regular Federal aid, or with State or local ‘funds.
Of the total mileage of Interstate routes designated in 1956, some 72 percent

was planned for new locations. The remaining 28 percent included 6 percent
of toll facilities built or being built on new locations. Thus, of the mileage stud-
fed, 22 percent was planned for construction along existing highways. The addi-
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tional improvement needed in these areas ranged from acquisition of access
control to complete reconstruction with only the existing right-of-way being
salvageable.
Progress by individual States was not identical but it was not anticipated to

be so in the early stages of the program. With the passage of the Federal-Aid
Highway Act of 1956, some States were better prepared than others to avail
themselves of the additional funds provided in the accelerated program. How-
ever, the States which have been behind the national average were rapidly closing
the gap and it was reasonable to assume that they would continue to do so during
ealendar year 1959.
The major handicap to the prompt completion of the Interstate System appeared

to be one of financing. The report therefore recommended that interim legisla-
tion temporarily increasing motor-fuel taxes be speedily enacted to provide funds
to keep the progress of the Interstate System on schedule. (A more detailed
account of the financial problem is included in the section under “Highway Trust
Fund” and elsewhere in this report.)

Highway cost allocation study
The highway cost allocation study, required to be made by section 210 of

the Highway Revenue Act of 1956, is for the purpose of providing Congress with
information on the basis of which it may determine an equitable distribution of
the tax burden among Federal-aid highway users and the other beneficiaries
from improved Federal-aid highways. A “Third Progress Report of the High-
way Cost Allocation Study” (H. Doe. 91, 86th Cong., 1st sess.) was presented
to the Congress on March 1, 1959. An extensive first progress report covering
background and plans had been made on March 1, 1957, and a brief second
progress report was made on March 1, 1958.
The study, from the time of its inception in the fall of 1956, has been divided

into seven major phases. The first of these, an assembly of information cover-
ing, for the study year 1957, all registered motor vehicles in each State, showing
type of vehicle, annual use, fuel consumption, class of service, and tax payments,
was completed in January 1959. Portions of this material were included in
the third progress report. The data were more detailed, from the standpoint
of distributions according to types and axle arrangements of vehicles, than
related registration statistics that have tong been published annually by Public
Roads. For the special purposes of the highway cost allocation study the dis-
tribution of registrations geographically is according to Census Bureau divi-
sions, rather than by individual States. In addition to arrangements of
registrations according to types of vehicle and geographical areas, types and
axle arrangements are reported according to kind of service and in 11 classes
of registered gross weight.
The second phase of the study is a compilation by geographical areas of the

estimated costs of bringing the several highway systems to certain stipulated
standards of improvement. The work was substantially completed by Febru-
ary 1959, but will be subject to such subsequent adjustments as may be required
when conclusions are reached on the proper length of program to be used in
distributing the cost of improvement of Federal-aid systems other than the
Interstate, and on what effect, if any, the preliminary findings of the AASHO
Road Test may have on the estimates of needs as originally compiled by the
State highway departments.
The third phase of the study is the preparation by each State of an estimate

of traffic volumes and weights of vehicles on each highway system in 1957,
classified by visual type, registered gross weight, type of operation, load on
each axle, and by design hourly, or daily, traffic volume groups. Summariza-
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tion of the data on vehiclemiles of travel, nationally and by Census division,
was completed in February 1959. More recently, tabulations of weight data
(axle and total operating weights according to registered gross weight groups)
for each State and by Census divisions have been compiled and reviewed. The
final correlation of vehicle-miles with operating weight for the years 1957 and
1964, the latter year having been selected early in the study as the year of pro-
jection for the cost and benefit analyses, was in process. Material from this
phase of the study was published in the third progress report, including a com-

prehensive tabulation of vehiclemiles of travel according to urban and rural
system and by visual types and axle arrangement of vehicles. Also included
in the progress report were data on travel according to Census divisions and
arrangements of vehiclemiles by systems according to design hourly and daily
traffic volume groups.
The fourth phase of the study concerns the analyses of differential design,

construction, and maintenance requirements for the various classes of vehicles,
aceording to their size, weight, and frequency of occurrence in the traffic of
each Federal-aid system. Upon these analyses will rest the actual assignment
of highway cost responsibility. At the end of the year an intensive study had
been completed by Public Roads engineers of data submitted hy State highway
departments concerning the incremental design standards and cost factors for
road construction used in each State. This information, indicative of variations
from State to State in geography and design practices, was used in the prepara-
tion of a tentative series of regional incremental designs for the 10 Census
divisions of the country. These findings will be compared with preliminary
results from the AASHO Road Test.
The fifth phase of the study is an analysis of the differential vehicular

benefits that are expected to result from future improvements, under the
authorized program, in highway surface, width, curvature, grade, capacity, ete.

Processing of all available material was completed early in 1959. At the end
of the year additional studies were being conducted that are expected to con-
tribute substantially to the derivation of supportable monetary values for
savings in time and for relief from annoyances or strain afforded by improved
highway facilities. In progress also were additional studies on variation in
rates of fuel consumption among various sizes and weights of vehicles under the
same conditions of stop-and-go driving, and of variations in consumption rate
within each size and weight group due to variations in type of roadway surface.
The final computations for this phase of the highway cost allocation study
have been tentatively scheduled for early summer of 1960.
The sixth phase of the study deals with the direct and indirect benefits from

Federal-aid highways in addition to benefits from actual use. Last year 35

local studies were in progress, investigating the effects on the economy conse-

quent to highway improvements. Fourteen of these studies have been com-

pleted but another 19 have been initiated so that there are now 40 such studies
being conducted in 27 States. Five nationwide studies have been completed
during the year and a new series of four studies was shortly to be undertaken.
Some of the results of the more recent studies were the subject of a section of
the third progress report, but at that thue no conclusions had been reached

regarding the relationship between these results and the assignment of benefits
from highway improvements to other than the highway user.

The final phase of the cost allocation study will be the interpretation, analysis,
and correlation of all of the phases just described, and the preparation of the
final report. An electronic computer program had been completed for the

application of findings from the incremental analysis (the fourth phase of the
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study) to the data from the first three phases. A fourth report of progress is
expected to be made on March 1, 1960. The final report is due in Congress
by January 3, 1961.

Highway safety study
Section 117 of the Federal-Aid Highway Act of 1956 directed that a compre-

hensive study of highway safety be undertaken to determine what action by
the Federal Government was necessary to promote this area of public welfare.
During the past year, the study report, entitled “The Federal Role in Highway
Safety” (H. Doc. No. 93, 86th Cong., Ist sess.), was completed and submitted to

Congress by the Secretary of Commerce on February 27, 1959.
The report, which contains the results of 2%4 years of intensive study, pre-

sents a complete account of our national safety picture. Included are the his-
tory of the highway safety movement, the scope and dimensions of the traffic
accident problem, an evaluation of the various elements of highway transporta-
tion and how they contribute to accidents, and a survey of existing highway
safety activities. The report is concluded with a description of an adequate
program and recommendations for official action.
Although motor-vehicle traffic accidents ranked among the leading causes

of death in the United States, an historical review showed significant advances
in traffic safety in recent years. The alltime high of nearly 40,000 deaths in
1941 had not since been exceeded despite a doubling of the miles driven annually
since that year. It was conclnded in the report that steady gains in highway
safety had been the result of many contributions, including safety education and
driver training, safer vehicles, advances in highway and traffic engineering,
more effective law enforcement, greater uniformity in traffic laws and ordinances,
increased public consciousness of the importance of highway safety, and stronger
public support of official activities in the field of safety. Several special projects,
undertaken for this report, are described in the following paragraphs.
In cooperation with 11 selected States, a study was made of the relative in-

volvement of certain driver and vehicle characteristics in motor-vehicle acci-
dents. The field work included almost 300,000 driver interviews and the anal-
yses of 10,000 accident involvements on 35 sections of main rural highways. Ac-
cident involvement rates were obtained for the first time for items such as age,
sex, and residence of drivers, and speed, horsepower, age, and type of vehicle.
Findings of this study indicated, for example, that high (but not excessive)
speeds on adequate rural roads were actually less dangerous than low speeds;
that vehicles with higher horsepower were involved in fewer accidents than
low-powered vehicles, and that younger drivers had the worst involvement
rates.
At Northwestern University an interdisciplinary team, composed of engineer,

medical, and behavioral scientists, had begun work on an unusual 3-year acci-
dent research project. Actual at-the-scene investigations of selected accidents
were made by the team, along with subsequent interviews and studies, to obtain
extensive data concerning the cause of the accident from the standpoint of each
specialist. Results of the first year of research, included in the safety study
report, showed that road deficiencies and detrimental social interactions within
the vehicle were more prevalent in accidents than had previously been supposed.
Early work has shown promise of other important findings and has also con-
tributed to a better understanding of the significant problems in the methods
and equipment used in this new study technique.
A critical survey of two communities with similar general characteristics but

different traffic safety records was performed by humau behavioral consultants.
In extended, unannounced visits to these cities, various social and community
influences were identified as ones which may have contributed to the difference
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in their respective records. Among the interesting qualities of the community
with the better safety record, in addition to a better traffic safety program, were
a less dense population, slower rate of growth, lower median income, less
competitiveness, crime, and general activity and hence a lower level of aggres-
sion and conversely a more friendly atmosphere. Also involved were narrower,
steeper, and more winding streets and what might be called driver restraining
topography, and less traffic density.
Intensive study of a large sample of individual accident reports in a selected

State resulted in the development of a comprehensive data classification system
to accomplish the maximum amount of use of information that is contained in
individual reports. Previously the compilation of potentially valuable deserip-
tive, narrative, and diagrammatic information had been desired, but had not
been successfully accomplished.
A review and analysis of highway safety activities within the Federal Gov-

ernment showed that at least 16 agencies had programs that reached the general
public and that some are engaged in many and varied activities. Most noticeable
in this survey was the lack of working liaison and formal coordination among
the groups.
The conclusions of the highway safety study were that existing overall pro-

grams were basically sound, although many specific elements were in need of
considerable modernization and reevaluation, that some current beliefs concern-
ing accident causes cannot be soundly defended, and that direct Federal inter-
vention into the operation of official State and local safety programs was not
feasible.
In its principal specific recommendation, the report proposed the establishment

of a Federal Interdepartmental Highway Safety Board to coordinate and guide
the efforts of the various agencies engaged in highway safety at the Federal
level, to support and assist the States and communities as needed in the con-
duct of their official programs, and to provide an official national focus for
highway safety that is not now in existence,

Forest highway study

Although progressive improvements have been made on the forest highway
system through the cooperative efforts of the States, the counties, and the Fed-
eral Government, a large percentage of the system mileage is still inadequate
for present-day and future traffic requirements. A study of the system and the
preparation of an estimate of the needed improvements was underway during
the past year, initiated in accordance with the requirements of section 3(b) of
the Federal-Aid Highway Act of 1958. The responsibility for the study rests
with the Secretary of Commerce, working cooperatively with the Secretary of
Agriculture and the several States and Puerto Rico, wherein the national
forests are located. The results of the study are to be reported to the Congress
by January 1, 1960.
The forest highway study was divided into four phases. The first of these

consisted of the selection of roads of primary importance located within, adjoin-
ing, or adjacent to the national forests which met the qualifications of forest
highways but were not so designated. The second phase constituted a detailed
study to determine the needs of all roads presently on the forest highway system.
as well as the needs of those roads selected in the first phase. These first two
parts of the study were completed prior to the end of the fiscal year. The third
Phase involved the formulation of construction and maintenance programs for
each of the 10 fiseal years 1962-71, inclusive. The development of these pro-
grams was well advanced at the close of the year. The fourth and final phase
of the study requires the determination of a method for apportioning funds
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necessary for the financing of the 10-year program. This final step was, of
necessity, delayed until completion of the program phase.

Maximum desirable vehicle sizes and weights
Section 108(k) of the 1956 act directed the Secretary of Commerce to make

recommendations to Congress with respect to maximum desirable dimensions
and weights for vehicles operated on the Federal-aid highway systems. The
report is due in January 1961. In recognition of the responsibility and prerog-
ative of the States in this matter, Public Roads sought the assistance and co-

operation of the American Association of State Highway Officials to bring
conformity between the recommended limits and the policy standards of the
association.
An extremely important element in the derivation of such recommendations

will be the results of the AASHO Road Test, in which Public Roads is participat-
ing. Progress on this complex test is described elsewhere in this report.
Public Roads, in connection with the purpose of section 108(k), was also

working on an extensive study of the economics involved in the road-vehicle
relation. The work is described in this report in the section on “Traffic Oper-
ations Research.”

Highway Improvements Under Direct Supervision of Public Roads
Under existing legislation, the Bureau of Public Roads receives and adminis-

ters directly annual appropriations for major highways through national for-
ests, and performs highway engineering and construction services for other
Federal agencies as required by law and as may be requested for specific projects.
The principal agencies receiving direct appropriations for the construction and
maintenance of roads, and requesting assistance from Public Roads, include the
Departments of Agriculture, Defense, and Interior. The Bureau has also di-
reetly supervised all Federal-Aid highway construction work in Alaska since
the passage of the Federal-Aid Highway Act of 1956, which made Federal-aid
funds available to that area for the first time.
During the past year, the engineering and construction services of Public

Roads were used on a greater volume of highway improvements than ever before.
Improvements under the direct supervision of Public Roads were completed on
186 projects, covering 1,044 miles and involving Federal funds totaling over
$54 million. The following tabulation indicates the magnitude of highway
work in which Public Roads’ engineering and construction services were actively
engaged at the close of the fiscal year (the figures include estimated costs of
work in the program, plans approved, advertised, and/or construction stage) :

Forest highways’ $62, 281, 440
Alaska Federal-aid projects 22, 193, 488
Parkways 26, 102, 378
Park roads 18, 472, 383
Woodrow Wilson Memorial Bridge? 11, 256, 3538
Bureau of Land Management roads 8, 721, 119
Forest development roads 8, 265, 962
Department. of Defense, access roads 1, 767, 123
Federal Lands highways 1, 571, 800
National Science Foundation, Kitt Peak observatory road_ 970, 874
Bureau of Indian Affairs, Indian reservation roads__----~ 399, 160
Miscellaneous reimbursable construction 134, 500

Total $157, 136, 575
1 Excludes forest highway construction under State supervision.
2 Across the Potomac River below Washington, D.C.
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A brief coverage of the more significant activities under the direct supervision
of Public Roads is presented in the following paragraphs.

Forest highways
The forest highway system, which is composed of main and secondary roads

within or adjacent to the national forests, had a total length of 24,566 miles
at the close of the fiseal year. It is located in 40 States (inelnding Alaska),
and in Puerto Rico. Although the system is not a wholly connected system, as
is the case of the Federal-aid primary highway system, its rontes are the
principal means of land transportation into and through these forest areas. A
great. portion of the transcontinental traffic across the Continental Divide in
the Rocky Mountain area of the West, and the interstate traffic over lesser
mountainous barriers in other areas, move via forest highways. Approxinately
84 percent of the forest highway system mileage coincides with the Federal-aid
primary and secondary systems. Table 19 of the appendix shows the total
system mileage by forest road class and by State.

Approximately 88 percent of all construction completed on the forest highway
system during the past fiscal year was under the direct supervision of Public
Roads. This work covered 312 miles of forest highways and involved Federal
funds totaling $19,189,000. At the close of the year, 512 miles (similarly
supervised) were under construction involving Federal funds estimated at
$34,548,000.
Typical of forest highway construction was the work performed on the Trinity

River Highway in California. The final grading project on the 10-mile section
from Berry Summit to Willow Creek was completed in the fall of 1958. The
terrain through which this route passes is steep and unstable, and throughout
construction, which began in 1952, slides and poor drainage conditions presented
constant problems. A plant-mix surfacing, 28 feet wide, was placed in 1959,
bringing the total construction cost to $3,950,000. This route, in addition to
serving both the logging industry and traffic to recreational areas, is the direct
route from the coast to the central valley of California.
Considerable construction activity also took place on the Mount Rose Highway

in Nevada. Twelve miles of grading work was scheduled for completion in the
summer of 1959, to be followed by placement of plant-mix surfacing 26 feet wide.
This will complete the 23-mnile route to modern alinement and grade. The Mount
Rose Highway is a spectacular route reaching a maximum elevation of 8,900 feet.
It serves Reno-Lake Tahoe traffic which is principally recreational, and will
accommodate traffic generated by the 1959-60 Winter Olympic Games at Squaw
Valley.
Substantial improvements on the highway between Regina and Coyote in

north-central New Mexico were also underway. <A 24-mile section between these
termini is located within the Santa Fe National Forest and is coincident with
State Route 96, This route serves the stock raising, farming, and lumbering
activities in the adjacent valleys. Recent. construction has provided a much
needed improvement over the road which previously was frequently impassable
because of mud, resulting in the temporary closing of schools in the area. A
6-mile grading project near the west end of the route was completed just prior
to the close of the year. The program for next year includes placing a bitu-
minous stabilized base over the greater portion of the ronte.
The construction and maintenance of forest highways in Alaska continued

under the direct supervision of Public Roads as heretofore. The principal
construction projects started during the year included the extension of the
Mitkof Highway south of Petersburg (an eventual link with the Canadian
highway system), improvement of the Glacier Highway north of Juneau, recon-
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struction of a portion of the Copper River Highway between the town of
Cordova and the Cordova Airport, and improvement of the Portage Glacier
road. During the year, grading was completed on a 5-mile section in the
Tongass Nationa] Forest at a cost of about $600,000. At the close of the year
construction was underway on 19 miles at an estimated cost of about $3 million.

Federal-aid construction in Alaska
The Bureau of Public Roads, in addition to discharging its usual adminis-

trative responsibilities, continued to perform the general functions of a State
highway department in maintaining the Federal-aid construction program in
Alaska. This service included location surveys, design, contract administration,
construction supervision, and highway maintenance. The Federal-aid highway
system in Alaska (as of June 30, 1959) was 5,356 miles in total length, includ-
ing 2,195 miles on the primary system and 3,161 miles on the secondary system.
During the year, new construction or improvements were completed on 279
miles of the Federal-aid system at a cost of $8,280,000. At the close of the
year, construction work was underway on 165 miles at. an estimated cost of
$20,132,000.

One of the more important projects started during the year will complete
bituminous surfacing of the last 70-mile section of the Alaska Highway within
the boundaries of the State. Also of importance was the completion of con-
struction of the primary route between Fairbanks and Nenana, though direct
access to the town of Nenana is presently restricted to the winter months
when the Tanana River can be crossed on the ice.
Federal aid for highways in Alaska was available during the fiscal year for

the last time under the unique provisions of the Federal-Aid Highway Act of
1956, which first extended this program to the Territory of Alaska on a 10-
percent matching basis. Alaska achieved statehood status on January 3, 1959,
and on June 25, 1959, the Alaska Omnibus Act was signed into law conferring
full responsibility for the Federal-aid highway program to the new State on a
basis comparable to that of the other States. Under the terms of the 1956 act,
Federal-aid and matching funds have totaled approximately $14.5 million annu-
ally, and were available for use either for construction or for highway main-
tenance purposes. The Federal-aid allocation for fiscal year 1961 will approxi-
mate $37 million with the State participating in accordance with the normal
formula. Maintenance costs will be assumed entirely by the State.
Alaska will not immediately assume full responsibility for the administration

of the Federal-aid construction program. Under the terms of a contract effec-
tive July 1, 1959, the Bureau of Public Roads will continue to construct projects
on the Federal-aid highway system in Alaska, maintain highways on this
system, and perform all other necessary functions in connection therewith as
heretofore, and in accordance with Federal-aid regulations and procedures
applicable to Alaska. These functtons are to be assumed by the State not
later than June 30, 1964.

National park highways, park approach roads, and parkways
The construction or improvement of highways within or approaching national

parks or monuments, and of parkways specifically designated by legislation, is
financed by funds appropriated to the Department of Interior. These funds are
administered nnder regulations jointly approved by the Secretary of Interior
and the Secretary of Commerce. The Bureau of Public Roads collaborates with
the National Park Service of the Department of Interior in establishing systems
and developing annual programs. Public Roads engineers make surveys, pre-
pare plans and specifications, and supervise the construction of projects on
major roads.
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During the fiscal year, improvements were completed on 274 miles of park
roads and parkways, involving Federal funds totaling $20,321,881. At the close
of the year, 254 miles of improvements were under construction involving Fed-
eral funds totaling $37,737,220. Table 20 of the appendix indicates the general
locations of this construction activity. Some typical improvements are briefly
described in the following paragraphs.
Blue Ridge Parkiway.— During the past year, 13 projects were completed on

&3 miles of this parkway in Virginia and North Carolina at a cost of $4.1 mil-
lion. The work included tunnel construction, bridges, grading, base course, and
surfacing. Four new projects were let to contracts totaling $2.8 milion for
tunnel work, a grade-separation structure, 8 miles of grading, 6 miles of bitu-
miinous surface treatment and 138 miles of bituminous concrete pavement. At
the close of the year, construction was underway on 88 miles, involving Federal
funds totaling $11.9 million. The James River Bridge is scheduled for completion
late in 1959. The surfacing on the sections between U.S. 60 and Virginia State
Route 130 just north of the James River had progressed sufficiently to permit
limited use of the parkway in this area. It was anticipated that the grading
and base-course construction between U.S. 220 and Adney Gap, in the vicinity
of Roanoke, will be completed during the 1959 construction season. A contract
was let near the close of the fiscal year for constructing a bituminous concrete
pavement near Deep Gap and Blowing Rock, N.C. The completion of this work
will provide a continous section of 162 miles of parkway from Adney Gap in
Virginia to a point near Grandfather Mountain in North Carolina. Grading and
base-course construction was also underway on the last portion of the section
between Beech Gap and Ralsany Gap south of Asheville, N.C. The com-
pletion of this work and similar work previously let to contract will permit
the opening of 56 miles for limited use at the southerly end of the parkway
which terminates at Ravensford.
George Washington Memorial Parkicay.—This parkway lies along both sides

of the Potomac River, in the vicinity of Washington, D.C, On the Virginia side
of the river, all bridge construction and parkway surfacing for an extension to
the location of the new office building for the Central Intelligence Agency was
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nearing completion at the close of the year. It was anticipated that this section
of the parkway will be open to traffic in the fall of 1959. At the close of the
year, a contract was let for the widening and surfacing of a short section of the
parkway north of the Washington National Airport. On the Maryland side
of the river, a 3.9mile grading project north of the District of Columbia was

substantially complete at the close of the year. ‘Two new projects for 4.3 miles
of grading were let to contract totaling $2.3 million.
Natchee Trace Parkiway.—During the fiscal year, 9 contracts, involving 16

bridges and 22 miles of grading and base-course construction, were completed
on this parkway located in Alabama, Mississippi, and Tennessee. Other projects
involving Federal funds totaling $7.2 million were underway on 77 miles at the
close of the year. Several of these will be completed during the 1959 construction
season. Contracts were let during the year for the construction of five bridges,
8 miles of gravel base course, and 12 miles of bituminous surfacing. A contract
was also let to a consulting engineering firm for the design and preparation of
plans, specifications, and estimates for a bridge to carry the parkway over the
Tennessee River.
Yosemite National Park.—A 20-mile section of Tioga Road, the east-west cross-

ing of this California park, was being graded to modern alinement. Grading
was started in July 1957 and was expected to be completed early in the fall of
1959. A contract for paving this section was scheduled for letting in the summer
of 1959. These projects will replace, at a cost of about $3.7 million, a section of
one-way, unimproved, and hazardous road that for many years has carried
moderately heavy traffic during the summer months,
Mount McKinley National Park.—During the past fiscal year work was ini-

tiated on a program to improve the main route through Mount McKinley Na-

mt

A prestressed concrete bridge carrying the Blue Ridge Parkway south of
Roanoke, Va.

29



tional Park in Alaska to modern standards. Advent of statehood and completion
of the Denali Highway, providing highway access to the park for the first time,
has resulted in a sharp increase in visitors and an urgent need for adequate roads.
During the fiscal year reconstruction of the first 10-mile section from the park
entrance west to the Savage River was underway. In addition, a new bridge was
built, another bridge was under construction, and dikes and revetments were con-
structed at several locations where flood damage had occurred. At the close of
the year, three projects were under construction with contracts totaling $1,232,-
000. Public Roads forces performed highway maintenance in the park on a
reimbursable basis.

Woodrow Wilson Memorial Bridge
The Woodrow Wilson Memorial Bridge, crossing the Potomac River near

Alexandria, Va., was being builf under a Federal appropriation of nearly $15
million and under the direct supervision of Public Roads. The structure will be
5,900 feet long and when complete, will serve as the predominant link in the
southern portion of the Washington circumferential highway.
During the year six contracts were let, totaling nearly $11 million. The work

involved the construction of a hydraulic embankment and the construction of
piers, fenders, and substructure steel work for the channel spans, and the sub-
structure and superstructure for the west and east approaches.

Bureau of Land Management roads
Public Roads continued its cooperation with the Bureau of Land Management

of the Department of Interior, in its program of road construction in Oregon,
by preparing plans and supervising the construction of roads providing access
to logging areas. During the year, construction was completed on 26 miles at
a cost of over $1.6 million. At the close of the year, 105 miles were under con-
struction at an estimated cost of $43 million. As the roads constructed by
Public Roads, and the feeder roads constructed by logging companies, are not
on a county or State road system, necessary maintenance operations are per-
formed by Public Roads as requested by the Bureau of Land Management.
During the past year Public Roads maintained 188 miles of roads which were
construeted under its supervision, and 251 miles of feeder roads constructed by
others, at a cost of approximately $380,000.

Forest development roads
Public Roads, at the request of the Forest Service, makes surveys, prepares

plans, and supervises the construction of roads within national forests which
are of primary importance in the protection, administration, and utilization of
the forests: or which are necessary for the use and development of the resources
upon which the communities within or adjacent to the national forests are
dependent. During the past year, 70 miles cf such roads were completed involy-
ing Federal funds totaling $4.62 million. At the close of the year, 108 miles
were under construction at an estimated cost of $6.9 million.

Indian reservation roads
In accordance with an agreement with the Bureau of Indian Affairs, Public

Roads continued to provide general supervision for the programing, design,
and construction of roads and bridges in Indian reservations. During the past
year, under direct supervision of the Bureau of Indian Affairs, 901 miles were
programed or under construetion at an estimated cost of $16,762,000, In addi-
tion, 6 miles were completed under the direct supervision of Public Roads at a
cost of $98,719, and plans approved for the construction of 9 more miles at an
estimated cost of $399,200.
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Kitt Peak observatory road

The National Science Foundation has chosen Kitt Peak (located in the Quin-
lan Mountains, 40 miles southwest of Tucson, Ariz.) as the site for a major
optical astronomy observatory. The observatory was being designed and con-
structed by the National Science Foundation and when completed is expected
to be the world’s largest. A 13-mile access road and an adequate parking area
at the summit will be constructed under the direct supervision of Public Roads
at an estimated cost of $2,890,000. Of this amount, $1 million was made avail-
able to Public Roads by the Independent Offices Appropriation Act of 1959.
During the past year, an aerial survey of the proposed route was completed
and topographic maps were developed for use in preparing construction plans.
This observatory, located entirely within the Papago Indian Reservation, will
undoubtedly become a major attraction to tourists. An estimated 30,000 visitors
are expected annually.

Defense access, replacement, and maneuver road program
At the close of the fiscal year only four of the many access roads financed

with Atomic Energy Commission funds and serving uranium mines remained
to be completed.
During the year, funds transferred to Public Roads by the agencies of the

Department of Defense for highway projects serving defense installations in-
cluded $1,766,330 from the Department of the Army, $3,196,613 from the Depart-
ment of the Navy, and $5,452,879 from the Department of the Air Force. This
increased the total funds transferred by these departments since the beginning
of the program to $50,324,797. The National Aeronautics and Space Adminis-
tration also transferred $75,000 to finance preliminary engineering and right-of-
way for one project. The total of all transfers made available for defense
access, replacement, and manenver roads since the beginning of the Korean
emergency amounted to $110,687,420.
During the fiscal year, 57 projects serving defense installations were com-

pletely financed at a total estimated cost of $8,672,744, of which $8,223,429 was
provided by the Department of Defense. Preliminary engineering and right-
of-way costing $705,628 was programed on 17 additional defense projects having
a total estimated construction cost of $6,616,560. At the close of the year, 41
projects having a total estimated cost of $20,318,120 and requiring $19,089,934
of defense access-road funds had been certified as important to the national
defense or referred to the Department of Defense for certification. The Bureau
of Public Roads was evaluating 85 other projects.

Some of the projects under study or in various stages of construction were
those serving facilities at Redstone Arsenal, Huntsville, Ala., Cape Canaveral
Missile Test Center and Patrick Air Force Base in Florida, the Naval Missile
Facility at Point Arguello, Calif., and many ICBM sites in the vicinity of
established airbases,

Public lands highways
For a number of years public lands funds have been made available for con-

struction and maintenance of main roads through unappropriated or unreserved
public lands, nontaxable Indian lands, or other Federal reservations, on the basis
of need. After evaluating several proposed projects, the $3 million anthorized
for the fiscal year 1960 was allocated to eight projects in eight States. One of
the larger of these was the development of a road along the rugged and scenic
route followed by the Lewis and Clark expedition in Idaho near the Montana
border, from the Lolo Pass westerly. Federal-aid primary, forest highway, and
public lands funds had previously been expended on improvement of this ronte.
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Highway Design
Public Roads engineers worked closely with the State highway department

engineers to resolve the many difficult problems of highway design, particularly
on the Interstate System and in urban areas, and to disseminate proven, good
practices throughout the Nation. Continned emphasis was being placed on
the design of divided highways as separate one-way roadways to provide inter-
esting, safe, and economical highways, on the use of appropriate interchange
types, and on the proper placement of interchanges along the freeway routes
to protect the operational efficiency of these high-cost highways and to provide
also for adequate local service where feasible.
Staff engineers assisted in a series of regional seminars on freeway operations,

focusing attention on those phases of location and design that are directly
related to safety and efficiency of operations, both on the freeway and on the
eonnecting roads and streets.

Pavement design
In cooperation with the AASHO Operating Committee on Design, Public Roads

engineers continued work on the preparation of a projected handbook on pave-
ment design. The handbook will cover the basic aspects of pavement design as
well as practical methods of evaluating traffic, supporting power of soils, and
strength of pavement structure. <A corollary to the preparation of the handbook
is the development of a formula for pavement thickness that can be universally
applied. Data obtained from the AASHO Road Test will be used in developing
the formula.

Design policies
As a result of joint work by Public Roads and the American Association

of State Highway Officials, two new policies were developed and adopted: “A
Policy on Fencing Controlled Access Highways" and “A Policy on Locating
Police Stations and Maintenance Yards Serving Interstate Highways.” Both
were published by the AASHO. The policy on fencing will promote economy
in constructing and maintaining the Interstate System by clarifying conditions
under which fencing is unnecessary, and will enhance the safety aspects of the
system by describing conditions where a fence is desirable from the safety
standpoint, and should therefore be provided. The policy on locating police sta-
tions and maintenance yards requires that these installations be located on
erossroads in the vicinity of interchanges and not on the controlled-access
facility. The requirement is in the interest of safety to police and mainte-
nance personnel as Well as to the motoring public.
Similar design development work was underway, but not completed, on the

policies for treatment of utilities, lighting and U-turn median openings on the
Interstate System, and on driveway connections to trunk highways.
For a number of years, Federal-aid highway funds and regular Federal-aid

procedures have been used to develop to modern standards those Federal-aid
routes which had been replaced in kind on new location due to the construction
of water projects, such as those for flood control or irrigation, under the juris-
diction of the Bureau of Reclamation and the Corps of Engineers. During
the fiscal year several water projects were initiated by the Corps of Engineers,
who were to be responsible, under agreements with the States, for the survey,
design, and construction of replacement roads. These will now include such
betterments as may be necessary to improve the facility to modern standards.
Numerous problems have developed as a result of locating Interstate high-

ways, with their control of access feature, across existing and contemplated
irrigation projects. These problems involve not only provision for the move-
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ment of water across the Interstate highway but the movement of ditch-cleaning
equipment and ditch riders. The Bureau of Public Roads held several con-
ferences during the fiscal year with the Bureau of Reclamation to resolve
these matters on an equitable basis without delaying the development of the
Interstate System. It was expected that an agreement on policy will soon be
reached which will serve as a guide to the State highway departments in the
design of Interstate highways through lands reserved for irrigation projects
by the Bureau of Reclamation.

Economic results of engineering design review

Conventional highway designs, the product of sound engineering judgment
and experience, are constantly under surveillance by engineers of Public Roads
and the State highway departments, to detect those areas where the “normal”
or routine approach can be modified, in the interest of economy and at no

expense to the safety, comfort, and convenience of the traveling public. The
efforts of Public Roads engineers to assist the States in this direction, during
the design stages of Federal-aid projects, are evidenced by an estimated savings
of nearly $55 million accomplished in fiscal year 1959. Examples of the types
of savings follow.
After detailed review of some Interstate and other trunk routes in three

States, it was found possible to reduce the frequency of interchanges and sep-
aration structures and to simplify other interchange ramp designs, resulting
in savings of more than $3 million.
Savings were made in bridge design by substituting open-end spans and

cellular or spillthrough abutments for massive, gravity-type abutments. Over
$1 million was saved on one project by the introduction of a double-decked
bridge in place of a wider, single-deck structure.
Although it has always been difficult to attain a balance between cuts and

fills on any one project, careful scheduling of adjacent projects may achieve
such a balance. Reduction of waste and borrow quantities by this means saved
more than $350,000 in one State alone.
The use of refined planning, location, and design techniques brought about

the realinement of one section of an Interstate route, reducing the length by
1.2 miles and the construction cost by $350,000.
Other savings resulted from judicious use of a variable median, anticipation

of construction problems which might otherwise have occasioned costly changes
during construction, and the elimination of expensive construction items of
relatively negligible benefit to the public.
The $55 million discussed in these paragraphs is a reduction in actual project

cost and will be reflected in additional highway construction urgently needed
in the States where the savings were effected. To this figure must be added
the extensive benefits to the highway user which continually result from im-
proved design.

,

Bridge Design
Public Roads has continued its cooperation with the State highway depart-

ments and industry in the development of better methods and improvements in
bridge design and construction. Progress was made in revising and enlarging
the publication “Standard Plans for Highway Bridge Superstructures” which
was last issued in 1956. Longer spans will be added for some of the bridge types
and new types will be introduced.
In view of recent accidents involving automobiles in collision with bridge

railings, Public Roads has recommended the use of concrete parapet rails ex-
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tending 18 inches above the top of the safety curb wherever practicable. The
AASHO Bridge Committee has been asked to reexamine bridge rail design speci-
fications with the expectation that a change therein will result.
A “Catalog of Highway Bridge Plans” has been published, listing designs for

various types and span lengths of steel and concrete structures which the State
highway departments have prepared and have on file. The quantities of steel
and concrete required for the various types of structures are shown graphically.
‘Che catalog was furnished to all State highway departments to facilitate the
exchange of bridge plans on a national basis.
Considerable progress in the field of procurement, analysis, and design use

ot project valuation data has resulted from the cooperative efforts of Public
Roads and State highway bridge engineers. A guide manual, entitled “Some
Practical Aspects of Foundation Studies for Highway Bridges,” was prepared.
A specification for a new low-alloy, high-strength carbon manganese steel has

passed through the technical committees of the American Society for Testing
Materials and was in the hands of the Society for approval. This new specifica-
tion, if adopted, will greatly facilitate the specifying of high strength steel for
riveted bridges.
Cooperation continued with the American Welding Society in the revision of

the current specifications for welded highway bridge construction, and with the
Steel Structures Painting Council which is conducting research in both the lab-
oratory and the field. Public Roads is participating in research projects in
structural problems being conducted by the University of Arkansas, Cornell
University, the University of Florida, the University of Illinois, Lehigh Untver-
sity, the University of Missouri, Northwestern University, Texas A. & M. Col-
lege, and the University of Washington. These research projects are on
prestressed concrete, high-strength steel bars for concrete reinforcement, welded
plate girders, riveted and bolted joints, and experimental bridge truss behavior.

Right-of-Way Acquisition
In furtherance of Public Roads’ objective of improving the Federal and State

procedures and expediting the acquisition of rights-of-way for the Federal-aid
program, additional appraisers have been employed in many of the division and
regional offices and additional legal personnel have been employed by the office
of the General Counsel. Two right-of-way seminars were conducted during the
year for the purposes of further indoctrinating and training Public Roads right-
of-way personnel. Through cooperation with the State highway departments it
has been possible to create a better understanding by Public Roads, State. and
independent appraisers of the appraisal and legal problems that are peculiar to
and inherent in the acquisition of rights-of-way for highway purposes.
In a number of instances, at the request of the States, Public Roads has ac-

quired rights-of-way by Federal condemnation for the use of the States in con-
structing the Interstate System and defense access roads, when the States have
not been able to secure such rights-of-way with sufficient promptness. Public
Roads has in many cases assisted the States in securing rights-of-way for high-
way purposes across lands owned by the United States, and under the jurisdic-
tion of various departments and agencies.

Highway Roadside Improvement
A guide for showing roadside improvements ou project plans, based on current

desirable practices, to encourage better planning of roadside work in highway
programs, was completed during the year. Cooperative work was continued
with committees of the American Association of State Highway Officials toward
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formulation of a policy on landscape development for the National System of
Interstate and Defense Highways. Preparation was begun on a series of guide
standards to assist the States in the application of the policy, based on selected
exaniples of landscape development in all regions.
During the fiscal year Public Roads cooperated .with the State highway de-

partments and manufacturers in the development of chemicals and equipment
for application in the control of weeds, brush, and poisonous plants on highway
rights-of-way. Reduction in highway maintenance expenditures has resulted
from the increased use of chemical sprays. The continued research and develop-
ment of this means of controlling roadside vegetation give promise of replacing
or reducing the expensive mowing and cutting methods used in the past.
Cooperation with research and educational institutions has continued during

the year on the abatement of noise with special reference to highway design.
Public Roads specialists cooperated with the American Association of Nursery-

men in revision of the “American Standard for Nursery Stock,’ published in
March 1959 by the American Standards Association. This standard is in use

by many of the State highway departments as a part of the specifications covering
materials used in highway planting in all regions.

Use of Aerial Surveys
In their efforts to handle the expanded highway program with modern tech-

niques, most of the State highway departments were employing aerial surveys
and photogrammetric methods of mapping in their highway location and design
work. Many of the States were continuing to contract for photogrammetric
engineering services. Other States had set up separate units to perform such
services with their own forces: Some had purchased aircraft and were equipped
to take and to use aerial photographs for reconnaissance surveys; others have
added photogrammetric instruments for compilation of large-scale preliminary
survey topographic maps and for measurement of profile and cross sections; a
few were equipped with photographic laboratory equipment and photogram-
metric instruments to perform their photogrammetric work with aerial photo-
graphs obtained by contract. Much of the preliminary survey mapping and
measuring accomplished by photogranimetric methods was geared to utilization
of electronic methods of computation in design and preparation of construction
plans.
Public Roads staff specialists continued to review principles of photogram-

metry and to develop the general techniques, to disseminate information as to
methods and fields of use, and to assist the States in their proper application.
For other Federal agencies and for several States on Federal domain projects,
Public Roads also made a series of highway reconnaissance surveys and accom-
plished topographic mapping for highway location and design purposes. Such
work served both the needs of specific projects and as demonstration examples
of special or general methods.
A wide variety of training courses was provided for engineers within the

Bureau, for State highway personnel, and for representatives of foreign high-
way agencies. As circumstances required, these varied from individual train-
ing of several mouths to group courses of 1 to 5 weeks. About 1380 engineers
received such training during the year.
The publication “Reference Guide Outline—Specifications for Aerial Surveys

and Mapping by Photogrammetric Methods for Highways” was revised and pub-
lished during the year.
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Geodetic Markers for Survey Control

The Federal-Aid Highway Act of 1956 authorized the participation of Federal-
aid highway funds in the establishment of geodetic markers in accordance with
the specification of the U.S. Coast and Geodetic Survey. Seventeen States have
initiated projects, including five projects begun during the fiscal year, for the
establishment of geodetic markers on 7,405 miles of the Interstate System.

Emergency Planning and Mobilization Readiness
In a national emergency the Bureau of Public Roads has the responsibility

either directly, through the respective State highway organizations, or otherwise,
to preserve in operable condition the entire available highway network of the
Nation.
Much progress has been made during the past year in defining the precise

duties which Public Roads and the State highway departments would be called
on to perform in the event of a national emergency caused by an enemy attack.
Based on this definition of duties, procedures developed for the performance

of such tasks were reviewed by the Emergency Planning Committee of the
American Association of State Highway Officials and used, for purposes of test-
ingin Operation Alert, 1959,
During the year, extensive and continuing programs were effected to bring

to Public Roads’ field organization and the State highway departments, detailed
information regarding the emergency plans of the Bureau. <As part of this pro-
gram, meetings were held in each regional office for exposition and discussion
of the problems anticipated in an emergency and the procedures that could be
used to solve them.
In cooperation with the American Association of State Highway Officials,

Public Roads continued its efforts to develop a greater coordination of emer-
gency planning, at all levels of government, as it affects highways and highway
transportation.

Disaster assistance

During the past year unusual floods inflicted serious damage to roads, streets,
and bridges, causing the President to declare major disaster areas in Indiana,
Towa, Kansas, Missouri, North Carolina, Ohio, Oklahoma, Pennsylvania, and
Texas. Field personnel of the Bureau of Public Roads assisted these States by
assuming the professional leadership necessary in areas of offsystem road
damage, and by providing technical guidance to the Office of Civil and Defense
Mobilization and State and local governments in determining eligible work and
establishing uniform operating procedures. Use of emergency funds for repair
of flood-damaged roads is discussed elsewhere in this report.

Highway Safety
The Bureau of Public Roads was actively engaged in the study and promotion

of highway safety during the year. <A report of the highway safety study, con-
ducted at the request of Congress, was completed during the fiscal year. The
study report, and a variety of research studies of vehicle and driver performance
conducted by Publie Roads and aimed at the development of safe highway de-
sign, are described in other sections of this report.
The Highway Safety Study unit has been continued as a special activity of the

Bureau of Public Roads with responsibility for the study and investigation of
highway safety throughout the United States and the coordination of safety
research and other highway safety programs in the Bureau.
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Public Roads continued to cooperate closely with the President’s Committee
for Traffic Safety, providing part of the staff and financing. In cooperation with
the Council of State Governments, the Committee sponsored four regional traffic-
safety seminars for legislators during the year. In attendance were 141 legisla-
tors and 38 others including legislative service representatives.
As the year ended, plans were in progress for an additional seminar, in re-

sponse to a request from the legislative members of the western and midwestern
highway and safety committees of the Council.
The Committee was also preparing for a conference on the improvement of

traffic courts, to be held in Miami Beach, Fla., in cooperation with the American
Bar Association.
A highlight of Committee assistance in the formation of public-support groups,

was the successful funding and staffing of a State foundation in Arizona. In
this effort the Committee was assisted by its business advisory panel of 36
business leaders in 28 States.

Administration and Management
The accelerated highway program continued to impose great responsibilities

on administration and increased the management- burden at all levels during
fiscal year 1959. New developments and rapidly changing situations affecting
the program called for consideration and solution of complex administrative and
technical problems new to the Federal-aid highway program.
To cope with such demands, attention was focused on procedures for continued

improvement of administrative and management services with emphasis on
the following activities: (1) Continuing improvement of organizational structure
and functional alinement; (2) revision and development of procedures and
standards for all areas of operation; (3) additional decentralization of functions
and redelegation of authority to operating levels of responsibility; (4) strength-
ening of organizational segments by staffing of key positions with personnel of
high professional and technical competence; and (5) concerted effort to further
improve administrative and program operations.
Improvement in manpower utilization resulted from the systematic programs

initiated by the new Administrative Services Division in the area of adminis-
trative services and facilities operations. Monetary savings have been realized
through the efforts of the division in connection with records, space and property
management, publications and visual aids facilities, and procurement activities.
Tangible and intangible benefits of far-reaching significance have also been

derived from the operation of the new Merit Promotion Plan established Janu-
ary 1, 1959, to implement the Departmental and Bureau employee promotion
policy. This program provided a fair and comprehensive method for evaluating
employee skills, resulting in better utilization of manpower and the assurance
of proficient and well-motivated personnel. Operation of the plan is resulting
in greater job satisfaction and better morale. It is proving to be a stimulus to
employee development and promises additional benefits in the area of personnel
management.
Development of a complete financial management improvement. program was

begun during the year to provide a financial and accounting system responsive
to the needs of top management officials within the statutery requirements of
the Budget and Accounting Act of 1950. Additional personnel with outstanding
qualifications in accounting systems work were recruited to assist in this phase
of the program.
Studies were underway to develop a system of work measurement covering

significant elements of Public Roads operations. The plan will be used princi-
pally for determination of field staffing needs and as support for budget requests.

37



Organization and staffing plans for each of the divisions have been formally
approved, and those submitted for regional offices were being reviewed. These
and similar actions were designed to achieve better integration of personnel
activities with budget and management considerations.
A plan for Gevelopment and isstance of an administrative manual was ap-

proved during the year. The mannal will include operating instructions and
procedures governing all functional responsibilities in the administrative field.

Development of New Practices
Electronic computers
Public Roads continued its efforts to further integrate the benefits of the

electronic computer into the highway program during fiscal year 1959. Forty-
three State highway departments now use computers-—nine more than reported
last year—as well as the Bureau of Public Roads and many highway engineering
consulting firms.
This growth has been stimulated by the cooperative efforts of highway depart-

nents, consultants. universities, computer-user groups, the Bureau of Public
Roads, and other Federal agencies. During the fiscal year 187 electronic coni-
puter programs were added to the Bureau of Public Roads program library,
increasing the total to 296 programs available through this library to high-
way departinents and other segments of the highway industry. Nine programs
were converted into universal computer language during the year, making a
total of 21 converted and circulated to computer users in the highway industry.
In this form, the development and use of computer programs are greatly expe
dited, regardless of the make or model of computer.
Design of an electronic computer program for the analysis of equipment opera-

tion costs and rentals was completed by Public Roads, This will aid the State
highway officials in compiling information on the cost and performance of each
unit of their equipment, in conformance with the “Manual of Uniform Highway
Accounting Procedures” of the American Association of State Highway Officials.
The program was developed with maximum flexibility, so that it can be used
in any State highway department regardless of the way in which costs are
reported or derived.
A program for forecasting interzonal traffic movements for urban areas was

converted into standard form for the Public Roads program library. This
program, developed by Public Roads, uses the Fratar method of forecasting
present interzonal movements, which are obtained from origin and destination
surveys, to some future design year based on anticipated growth for each traffic
zone.
Another program for preparation of data for trip desire contour charts also

was completed for the ibrary. The program, originally developed by California,
summarizes present or predicted origin and destination survey data for the
preparation of density of traffic desire contour charts which are useful in deter-
mining tentative locations of proposed highway improvements.
During the year, two electronic computer programs pertaining to the analysis

and design of highway bridges were reviewed and converted to library form
and distributed to State highway departments and other computer-user groups.
One program is used for the analysis or design of a simply supported compos-
ite concrete slab and rolled steel beam section. The other program performs
moment distribution and influence line caleulations for continuous beams and
single story rigid frames. In addition to making these bridge programs avail-
able for distribution, operational program decks for the programs were assem-
bled along with detailed input data and operational instructions. Public Roads
bridge engineers were using the programs in routine bridge design work.
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Public Roads rendered assistance during fiscal year 1959 to highway depart-
ments and other highway organizations in the use of computer programs and in
the organization of computer departments. As an example, Public Roads coop-
erated with the District of Columbia Department of Highways and Traffic in
the development of a computer program by which present or forecasted inter-
zonal traffic movements can be assigned to a citywide system of existing or

proposed highway facilities for the determination of location and design criteria
for freeway and expressway construction. As another example, Public Roads
made a complete analysis of the Turkish Highway Department to determine
applications suitable for an electronic computer, the type of equipment most
suitable, the organizational structure of the proposed computer department
most likely to insure a successful operation, and other organizational changes
necessary to insure efficient machine utilization.

Equipment development
Progress in the field of equipment development continued during the year.

Considerable effort was directed toward solution of equipment application
problems in the compaction of embankments, base courses, and flexible
pavements.
The cooperation of the Asphalt Institute, the tire and rubber industry, and

the Highway Research Board was obtained in developing capacity criteria and
equipment design requirements for pneumatic rollers which will compact base
courses and high-type flexible pavements to a degree that will largely eliminate
postconstruction densification and surface distortion in the wheel tracks. Such
wheel track distortions are caused by the pressures exerted by heavy truck
tires. The problem has recently become more acute with the introduction of
extra high pressure truck tires, including the steel fabric types. The high-
way industry, including equipment manufacturers, has been apprised of this
work, and available pertinent engineering data on both truck and compactor
tire behavior have been released to them in collaboration with the tire and
rubber industry.
The highway industry has been kept advised of promising new equipment

developments and their performance, with the objective of encouraging more
ready acceptance on a nationwide basis of machines which are capable of per-
forming highway construction and maintenance tasks with greater economy.
By the end of the year the motor-grader performance tests which were being

conducted for Public Roads by the U.S. Army Corps of Engineers were nearly
complete. The tests will make it possible to establish new, improved criteria
for classifying motor graders, for use in formulating new Federal specifications
for motor graders being prepared by Public Roads at the request of the General
Services Administration.

Materials

Public Roads participated in a limited evaluation of resin reinforced with
glass fibers as a guard rail material. Comparisons were made of the effects of
impact of a vehicle on guardrails of wire mesh, steel beams, and of reinforced
resin molded to the same cross-section as the steel beam. The reinforced resin
beam withstood the test impacts without failure or permanent deformation,
although at the higher speeds the mounting brackets and steel posts were
damaged.
The Bureau has cooperated also with industry in the development of glass-

fiber reinforced resin tubing for fabrication into overhead sign structures.
Several such structures had been installed over multilane divided highways in
a number of States.

534818 O—60—_6 39



Additional uses of these resins were being developed for highway purposes.
These include use as a bonding agent for thin concrete patches for repair of
spaNed and scaled areas on bridges and pavements, as a skid prevention treat-
ment for highway surfaces, and as a coating for burlap used in curing concrete
to retain moisture and reflect heat.

Methods and procedures
A Nuclear Energy Branch was established during the fiscal year in Public

Roads to expedite applications of nuclear energy in the highway program
which would improve present methods and procedures. As an example, Public
Roads and a State highway department were evaluating an instrument using
radium beryllium as a means of determining the moisture content and density
of compacted highway embankments. Determinations made to date by this
method, when compared to results obtained by conventional methods, show
promise with added advantages in speed, cost, coverage, reduction of human
factors, reproducibility and quality control.
Nuclear energy equipment was being used by industry to check welds made

in the construction of highway bridges and to measure the thickness of vari-
ous materials, These and other uses by industry were being evaluated to
develop more applications that will benefit the highway program.
Development. of an electronic computer method for analysis of highway loca-

tion was continued during the year by the Massachusetts Institute of Technol-
ogy, with participation by Public Roads and the Massachusetts Department
of Public Works. Progress thus far enables the highway engineer to compare
rapidly the construction costs of any number of possible highway alinements and
grades within a strip several miles wide. Work had been started on computer
programs to produce relative highway-user and right-of-way costs so that the
total cost of each line and grade can be compared.
Public Roads inaintained close liaison with highway contractors, material

suppliers, and other segments of the highway industry through the national
associations representing these groups. Many conferences were held during the
fiscal year, at which mutual problems were discussed. At one of these con-
ferences, for example, standardization of bridges and electronic coniputer
methods of bridge design were discussed with representatives of the steel,
concrete, and treated-timber bridge industries. The use of end-result specifica-
tions and of improved equipment such as the slip-form paver, as well as many
other techniques for better highway construction, were discussed at a number
of other conferences.

Radio communication
The use of radio by highway departments, contractors, and Publie Roads

continued to grow during the fiscal year. Public Roads participated with the
highway departments in obtaining maximum benefits from radio in the high-
way program, in developing policies and procedures for coordinating fre-
quency assignments, and in preparing data for presentation to the Federal
Communications Commission on needs of the highway industry for radio as
a means of communication and for many other purposes.
At the request of the District of Columbia Department of Highways and

Traffic, assistance was given in planning a radio system for the remote control of
the timing of traffic signals at 88 intersections. At the end of the fiscal year,
installation of the system was well along. Savings over the cost of a cable-
controlled system were estimated to be $2 million. Eventually the system is
planned to cover 1,000 intersections,
Assistance was given to the Maryland State Roads Conimiission in developing

phins, estimates, and OCDM participation in a statewide radio comninnication

,
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system. At the end of the fiscal year, a contract had been let and applications
for construction permits annd licenses were being processed by the Federal
Communications Commission. Public Roads also participated with the State
of Maryland in extensive tests of the tellurometer during the fiscal year. The
results of these tests showed that this radio survey equipment greatly expedites
the measurement of lines from 500 feet to 30 miles in length. Accuracies well
within those required for highway work are easily obtained at much lower cost
and with personnel of little experience. Thirteen States and many highway
consultants were already using this equipment.

Experimental projects
During the fiscal year experimental projects were undertaken on a number of

new subjects, hitherto untried, such as the effect of varying compacted densities
on bituminous concrete pavement, phosphoric acid for stabilization of soils,
additives in water to improve soil compaction, use of water-reducing admixtures
and retarders in concrete mixtures, and use of cement, lime, or asphalt to con-

trol aggregate degradation.
Additional experimentat projects were undertaken involving continuously rein-

forced concrete pavement, neoprene modified asphalt seal coats, and base and

subgrade stabilization by means of cement, cement-lime, lime, lime-fiyash, lime-

asphalt, and asphalt.
Ten new experimental projects were initiated and constructed during the year.

Approximately 170 experimental projects were under observation and were being
reported. Observations on five projects were discontinued after tentative con-

clusions were obtained on their experimental features or additional construction
had made further inspection impracticable.

AASHO Road Test
During fiscal year 1959, after completion of construction and instrumentation,

controlied traffic started on the $22 million AASHO Road Test located near

Ottawa, Ill. This largest of highway research projects, sponsored by the Ameri-
can Association of State Highway Officials, is being administered by the Highway
Research Board with the cooperation of the member States of AASHO (from
which the project derives its name), the Automobile Manufacturers Association,
the American Petroleum Institute, the American Institute of Steel Construction,
the Department of Defense, the Bureau of Public Roads, and other agencies,
providing grants or contributed services.
Construction of the test road and related facilities was substantially com-

pleted in early October of 1958 and all contractor responsibilities were fully
discharged in December. The S8-mile, fuur-lane divided facility, located between
Ottawa and La Salle, is connected by large turnarounds to form a series of test
loops. Ultimately, the test road is destined to become a link ina trans-State route
of the National System _of Interstate and Defense Highways. But, until some
time in fiscal year 1961, the total facility will constitute an immense field re-
search laboratory. From this research investment will come important new
knowledge of pavement and bridge behavior, and significant contributions to
the art of highway design, to the allocation of highway cost responsibility, and
to the regulation of highway usage.
Essentially, the AASIIO Road Test is a study of the behavior of concrete and

bituminous road pavements of different thickness and layer composition and of
bridges of varied design, subjected to traffic of controled weights applied at
uniform rates. The 836 test sections are arrayed in the 10 test lanes to cover
a wide range of pavement thicknesses subjected to an equally wide range of
controlled axle loadings, both single and tandem. The sections of each pavement
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type have been constructed with precision and uniformity, in keeping with the
major objective of directly relating pavement thickness to load supporting
ability.
The operational phase was inaugurated on October 15, 1958, with appropriate

ceremony to mark the beginning of controlled traffic which will continue 18 hours
a day, 6 days a week, nntil September 1960. During the fiscal year, nearly
150,000 load-applications were applied in each test lane and altogether the 70
test vehicles have traveled more than 2 million miles.
To measure the effects of traffic, over 7,000 measuring devices have been

installed in or on the test pavements and bridges and more than $1 million worth
of complex electronic and mechanical equipment is in use for collecting and
processing recorded data. The measurements program includes longitudinal
and transverse profiles, static and dynamic strains, deflections, deformations on
slabs and bridges, subsurface pressures and changes in thickness of pavement
components, vehicle load-shift and transmitted load-forces, as well as various
environmental and special studies.
As expected, some of the thinner sections have failed and have been recon-

structed to carry the test traffic. Failed sections are excluded from considera-
tion in the test but are kept under observation. At the close of the fiscal year,
approximately one-fourth of the test sections had been ruled ont of the test.
While no conclusions can be drawn until the final analyses of some 19 variables
affecting the behavior of the test sections, it is readily apparent that highly
Significant findings are in the making and that the test will amply fulfill its
intended purposes.

Highway Planning Research
Traffic volume, classification, and weight information
Extensive traffic data from over 1,400 continuous-count stations and other

traffic operations were obtained by the various States throughout the past year.
During this period, highway travel increased 2.8 percent, compared to 2.3 percent
for the previous 12 months. Rural travel increased 2.4 percent and urban travel,
3.4 percent. This represented a change in the trend of slightly greater growth
of rural traffic than of urban traffic, which had prevailed since World War II.
Studies to establish more reliable methods of determining traffic trends and

to provide more comprehensive information were undertaken. Computer analy-
ses of extensive and detailed traffic data obtained during 1957 for the Highway
Cost Allocation Study permitted the establishment of a new and more reliable
base for determining future trends in travel by systems, in ton-mileages, and
in weight frequencies. During that year weighing operations were conducted in
cities for the first time.
Special procedures were established to obtain comparative information for

the Interstate System and other highways in rural and urban areas so that the
service provided by the Interstate System might be appraised. Vehicle-weight
survey procedures were modified to obtain data for urban areas and toll roads
each year. It is anticipated that by taking full advantage of such technological
developments as the electronic computers, available to most State highway de-
partments, and equipment for weighing and measuring the axle spacing of mov-
ing vehicles, it will soon be possible to obtaip economically more accurate and
comprehensive data than ever before.
Efficiency evaluation of traffic counting procedures has been continued and

the progranis in nine States were reviewed statistically during the year.
A comprehensive analysis of the distribution of truck weights was begun in

Illinois. The objective of this work is the development of optimum sampling

42



schedules for use in the future, to obtain accurate estimates, at reasonable cost,
of weight characteristics of trucks of different types. Weight station locations
for planning and research purposes on the Interstate System were approved in
a number of States.
Statewide origin and destination surveys were inaugurated in Arizona and

Kansas and plans were made for conducting similar studies in the 14 States
included in the Mississippi Valley Conference of the American Association of
State Highway Officials.

Motor-vehicle-use studies

Studies of motor-vehicle use, conducted in cooperation with the State highway
departments, were continued during the year. At the end of the fiscal year
fieldwork had been completed in 24 States. Several other States are expected
to start such studies during the next fiscal year. These studies, Statewide in
scope, are designed to yield information about the characteristics of motor-
vehicle ownership and use. Among the pertinent data collected are estimates of
total vehicle travel ag distributed among the various highway systems used,
and between urban and rural areas; methods of transportation used for home-
to-work travel; and the frequency, length, and purpose of trips made.
Based on data available from 20 States, automobiles and/or trucks were owned

or operated by residents of 75 percent of all occupied dwelling units. As might
be expected, the proportion was larger in unincorporated areas than it was in
incorporated places, the percentages being 80 percent for the former and 70 per-
cent for the latter.

:

Of the gainfully employed persons covered by these studies who were required
to travel to their place of employment, 68 percent traveled by auto, either as a
driver or as a passenger; 15 percent used public transportation; while 13 per-
cent walked to work. Of the 68 percent that traveled to work by auto, more
than one-half lived less than 5 miles from their place of employment. Three-
fourths of the persons who walked to work lived less than 1 mile from their
place of employment.

Road inventory and mapping
Road inventory operations in 45 States and in Puerto Rico produced needed

data on the degree of improvement of individual rural road sections together
with the growth and change of character of roadside culture. The information
obtained was used in studies of highway deficiencies and in the preparation of
280 county general highway maps in 28 States.
Other maps were reviewed or redrawn under the cooperative highway planning

program. These included 5 State general highway maps, 23 State trafic maps,
393 county traffic maps, 74 city traffic maps, and 1,088 maps of incorporated
places.
Information on load-carrying capacity and vertical and horizontal clearances

of all structures on the Federal-aid primary highway system and other im-
portant throngh routes was obtained and furnished to the Department of Defense.

Highway statistics
During the year the annual “Highway Statistics” (for 1957) was published.

This volume includes information for each State on motor-vehicle registrations,
highway-user taxation, motor-fuel consumption, highway finance, mileage of
highways, and related information.

Traffic studies in cities
Comprehensive home interview studies of travel and vehicle use were started

in 4 cities bringing the total of such studies to 140, of which 13 are repeat sur-
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veys. Continuing studies are in progress in Chicago, Detroit, and Washington.
A Public Roads research engineer consulted with and provided technical as-

sistance to the Turkish General Directorate of Highways in organizing a home-
interview transportation study in Istanbul. This assistance was requested
throngh the International Cooperation Administration.

Forecasting and assignment of traffic

During the year work was continued on the development of information for
estimating traffic that is diverted and that which is generated by the construc-
tion of new or improved facilities. Basic data for this purpose were provided
by origin and destination surveys made by the Maryland State Roads Com-
mission covering all roads between Washington and Baltimore. Traveltime and
distance information on the several routes between the two cities are now being
collected to supplement the origin and destination surveys.
An electronic computer progran for assigning traffic to a highway network—

that is, forecasting probable usage of streets in the network—was developed
and has been used by the Washington, D.C., Department of Highways and
Traffic. The Minnesota and Ohio highway departments have also made arrange-
ments to use the assignment program during the year. Modification of the
program to include the assignment of traffic hy direction and by peak and off-
peak hours is underway.
The Public Roads electronic computer has been used extensively. A program

has been developed to evaluate the accuracy of origin-and-destination survey
sample sizes and the relative difference between the 1980 traffic forecasts
developed by two different agencies for one particular city. Another program
is under development to code origins and destinations automatically on a com-
puter. Work is continuing on the development of prediction formulas for
interarea travel and intercity travel.
Two major analyses were initiated during the past year, both concerned with

development of factors and procedures to be used in estimating future traffic in
urban areas. One analysis is an attempt to determine a reliable equation, using
land-use and population data as independent variables, which can be used to
estimate the traffic produced by and attracted to small areas in a metropolitan
region. The second project is the development and testing of varions interarea
traffic models, involving procedures which cun be used to synthesize the move-
ment of traffic in an urban area once the trip production and attraction of the
individual zones have been established.

Urban highway planning and research

In the expanding urban areas, there is increasing need to integrate plans for
the development of highway transportation with those concerned with the gen-
eral pattern of urban development. Through continuing urban research, rela-
tionships are being established between the pattern of land use and the move-
ment of people and goods. These will form the basis of procedures for
estimating the transportation needs for both present and future patterns of
urban development.
Research is underway to relate the use of transit and automobiles in the

entire urban area and the principal factors influencing that use. A preliminary
equation to date has indicated that the most influential factors are: Population,
transit-service ratio, econonic, land-use distribution, and urbanized land area.

Throughout the year, staff assistance was provided by Public Roads to the
Joint Committee on Ilighways of the American Municipal Association and the
American Association of State Highway Officials. This Committee was instru-
mental during the year in the promotion of the Sagamore Conference on High-
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ways and Urban Development. The findings and recommendations of the
Conference have been endorsed by the Bureau of Public Roads as the means of
cooperatively planning highway and urban development.

Traffic Operations Research
Instrumentation research and development
The mobile “traffic analyzer,” a truck-mounted unit capable of measuring

speed, lateral placement, and spacing of vehicles on the road, has been in
continual operation since its completion last year. During the short periods of
time between traffic studies, a few improvements have been made including the
substitution of automatie for manual switching to record vehicles straddling lane
lines. The engineering design was also completed and construction started on
an electronic memory and read-out system to eliminate the operational difficul-
ties discovered in the mechanical system used in the commercially obtained
recording equipment. The electronic design for a second traffic analyzer unit,
to be built in 1960, was completed this year.
An instrumented passenger car, tentatively called a “traffic impedance

analyzer,” was designed, equipped, and put into operation during 1959. Digital
recording of speed, mileage, time, and manual code was provided to alow ac-
eurate traveltime or speed and delay studies to be accomplished. Later a re-
cording of fuel consumption was added to aid in vehicle characteristic studies.
The addition of continuous placement recording has heen proposed for 1060.

Driver behavior research

The Bureau's mobile traffic analyzer unit was used to obtain driver behavior
data and highway capacity information in California, Connecticut, New York,
and Illinois.
The California research continued study of the effects on traffic operations of

highway grades, expressway ramps, and other design features of various types.
On the Connecticut Turnpike research continued on the effects of highway light-
ing on traffic flow. This study was made with lighting at varying intensities,
with and without edge markings and with and without roadside delineators.

In New York, studies were made of the effect on traffic flow in terms of lateral
placement, of narrow barrier-type medians installed on previously undivided
highways.
In Chicago, data were recorded, at the request of area traffic authorities, with

the hope that it would be possible to discover identifiable “danger signs” in
traffic behavior several moments before congestion develops. If such exist, a
controller at a central control center could detect signs of imminent congestion
in the traffic flow data electronically relayed to him and could take remedial
action before congestion actually set in.

Highway capacity research

Traffic congestion in nrban areas is one of the greatest problems facing high-
way engineers today. Right-of-way and other problems in some areas prevent
the construction of freeways or expressways to relieve the congestion. Methods
therefure must be found to develop increased traffie-carrying capacity on existing
arterial streets.
During the year, major research in this area was initiated. Wisconsin

Avenue in Washington, D.C., was selected as a typical urban arterial street, and
all phases of its operation were subjected to detailed field study. Analyses of
the field data were underway at the close of the year, to discover all feasible
ways of increasing the street's capacity without major encroachment on exist-
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ing property on the street. These steps will include examination of the poten-
tialities of “bottleneck” elimination, better operational techniques involving
little additional expense, more extensive signalization, reconstruction, and
widening. Also included will he a legal analysis to determine what legislation
and delegation of authority are necessary to implement such improvements.
From this pilot study, a procedural manual will be developed to guide traffic
authorities throughout the country in pinpointing their capacity problems on

existing streets and in selecting effective corrective measures to develop
increased city street capacities.
Collection and analysis of new data for use in revision of the “Highway

Capacity Manual” continued during the year. While detailed high-speed com-
puter analyses of the recent intersection capacity data from 1,100 approaches
are still eontinuing, revised intersection capacity curves were released for
nationwide use, superseding those appearing in the manual.
Plans for a nationwide study of freeway ramp operation were formulated late

in the year, with field studies planned for fiscal 1960 to complete the gathering
of data needed for the revised manual, These general studies will be supple-
mented with more detailed ramp studies made in connection with driver
behavior investigations at several interchanges on freeways. The detailed
studies will provide both ramp and through freeway capacity data.

Accident experience related to control of access

The most important single factor in accident reduction ever developed has
been full control of access whereby entrance and exit movements to and from
the through traffic lanes of a highway are limited to carefully planned points
where these maneuvers be performed safely. Freeways, turnpikes, and
most parkways have full control of access.
Since 1951, the continuing study of accident experience as related to control

of access, in cooperation with 30 State highway departments, has encompassed
over 25 billion vehicle-miles of travel on some 2,600 miles of highway with
varying degrees of control of access; 75,000 accidents are included. The latest
summary shows again that accident and fatality rates on highways with full
control of access are only one-third to one-half as great as those on highways
with no access control. In rural areas. highways with full control of access
have an average rate of only 3.8 fatalities per 100 million vehicle-miles of travel
compared to 8.7 for highways with no control of access. In urban areas, high-
ways with full control of access have a fatality rate of 2.6 compared to 4.0 for
highways without control of access. While accident rates in urban areas are
higher than in rural, the accidents which do occur in rural areas are more severe
in terms of fatalities resulting. Full control of access nearly eliminates head-on
and angle collisions although the few that do oecur are quite severe. Rear-
end collisions are cut in half. Control of access, however, has little effect on
accidents involving only one vehicle.
In contrast, partial control of access tends to give drivers a false sense of

security, leaving them unprepared to contend with the vehicle conflicts which
do exist under partial control. While it is beneficial in some areas, in others
it is worse than no control at all, from the standpoint of safety.

Stop-and-go signals sometimes increase accidents

Stop-and-go signals which are installed at proper locations and operated effi-
ciently are a most effective and necessary control to facilitate traffic movement.
Improperly installed or inefficiently operated traffic signals, however, can cause

unnecessary delays and accidents. In Michigan, a study of 89 intersections
was undertaken before and after the installation of traffic signals. Two types

46



of traffic signals were studied: Stop-and-go signals (the familiar green-yellow-
red traffic lights), and flashing beacons that flash yellow on the main highway
and red on the crossroad.
After stop-and-go signals were installed, accidents actually increased 23 per-

cent. Large increases were noted in rear-end, head-on, and sideswipe collisions,
Angle collisions were reduced however, and the number of persons injured
diminished 20 percent. In contrast, after fiashing signals were installed, acci-
dents were reduced 26 percent while personal injuries were cut in half.
The results showed that stop-and-go signals were more effective at the

high-volume and more complex intersections. Flashing beacons were particu-
larly effective during inclement weather and in areas of low traffic volumes.

Fatal accident rates by hour of day

Many studies have shown that accident and fatality rates are much greater at
night than during daylight hours. Correlation of data from State traffic and
accident sources indicate that the fatal accident rate (number of fatal accidents
per 100 million vehicle-miles of travel) varies considerably throughout the aver-
age day and has an even greater variation at night, reaching a peak of about 21
between the hours of 2 and 4.a.m. The rate is less than half as great between
9 and 11 pm. It is dark during both of these 2-hour periods throughout the
year so, although darkness may compound some of the difficulties for nighttime
drivers, fatigue, intoxication, higher speeds of travel, and other factors probably
contribute to the extremely high fata] accident rate during the hours shortly after
midnight. Only carefully planned research can determine and measure the
contribution of the factors involved and point the way toward night accident
reductions.

Driver and vehicle characteristics related to highway accidents

To provide answers to inany questions related to traffic safety (see “Reports
to the Congress’’), 11 State highway departments cooperated with the Bureau of
Public Roads in undertaking comprehensive studies of driver and vehicle
characteristics related to accidents on main rural highways. The speeds of
290,000 drivers were measured and the drivers were later stopped and inter-
viewed. Corresponding data were obtained for 10,000 drivers who had been
involved in accidents along the 35 sections of highway on which drivers were
interviewed. An electronic computer was employed to combine these data with
other traffic information and derive accident rates for various driver and yehicle
characteristics.
The study showed that younger drivers were more likely to be involved in

accidents. Drivers under 20, for example, were about four times as likely to
be involved in an accident as drivers 35 to 50 years old in the same amount of
driving.
From the study it was found that the accident involvement rate was higher

at speeds below 40 miles per hour than at any faster speed, and the lowest
involvement rate was at about 65 miles per hour. When an accident did occur
at the higher speeds it was more likely to be severe; at 75 miles per hour, for
example, the likelihood of an injury occurring was nearly four times as great
as it was at 50 miles per hour.
The study indicated that there was little difference in accident involvement

between male and female drivers. Drivers in the Armed Forces, however, were
twice ay likely to be involved in an accident as other drivers of comparable
age groups in the same amount of driving.
The study showed that cars with 110 horsepower or less had significantly

higher accident involvement rates than higher powered cars, and the involvement
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rate remained nearly constant as horsepower increased from 120 to the highest
powered passenger cars. Detailed analysis showed this to be so regardless of
travel speed; sex, residence, or age of driver; body style or age of car; and
day or night conditions.

Economic cost of motor-vehicle accidents

Studies of the economic cost of motor-vehicle accidents continued in Massachu-
setts, New Mexico, and Utah, and a fourth study started in Illinois during the
year. Several other States are awaiting completion of other important planning
survey work before launching similar studies.
In each cooperating State these studies encompass the total driving experience

of all motor-vehicle owners in the operation of passenger and cargo-carrying
vehicles during the period of a year. <A great mass of comprehensive and
detailed data have been prepared from the studies, relating traffic accidents and
their economic cost to highway systems, traffic volumes, road conditions, age
and sex of driver, type and age of vehicle, light and weather conditions, and
other important elements affecting the safety and efficiency of the highway
transportation system.
Some of the results of these first studies have already been published. They

were used extensively in the report to Congress entitled “The Federal Role
in Highway Safety.”

Economics of motor-vehicle size and weight
An important area of research is determination of the optimum economic

size and weight limitation for commercial vehicles, and the magnitude of in-
ereased demand for highway transport which might be brought about by in-
creasing these limitations. Nearing completion is a study relating changes in
vehicular operating costs to changes in gross weights of tractor-trailer combi-
nations. Another study is underway comparing gross vehicle and axle weights
with the costs of constructing and maintaining highways. Work has been
started on a model to correlate the two types of data.

Differential road-user benefit analysis
In connection with the highway cost allocation study, research was underway

to establish the differential road-user benefits resulting from the improvement
of the various highway systems, both rural and urban. <A model of the analysis
was tried during the year and showed the need for additional vehicular cost and
performance data, for a variety of vehicle types and operating conditions. To
obtain these data, a program of fieldwork was initiated in the summer of 1959.
A series of tests on buses and heavy freight trailer combinations were being
eonducted by the University of Washington under contracts with Public Roads
and the Washington State Highway Commission. Similar tests of passenger cars
and light trucks were being conducted by Public Roads near Washington, D.C.

Brake research
A comprehensive study of emergency braking systems for combinations of

commercial motor vehicles has been undertaken by Public Roads at the request
of the Interstate Commerce Commission. Tests were being conducted which
will resolve substantial areas of controversy concerning the safeguards in
motor-vehicle braking systems necessary to prevent “runaway” accidents on the
highways. The study has been undertaken with industry participation and with
the advice and assistance of an Advisory Committee to the Interstate Commerce
Commission,
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The program for study provides for: (1) Laboratory tests to ascertain the
magnitude of delays inherent in various power breaking systems, and to deter-
mine which components of various emergency braking systems operate com-

patibly with one another; (2) actual vehicle stopping tests on the level and on

grades to study the behavior of vehicles with normal brake operation and under
conditions of simulated brake failure; and (3) service tests to determine the
reliability and need for maintenance of various emergency braking systems.
The major portion of the laboratory tests has been completed. Vehicle

stopping tests were being conducted during the summer and fall of 1959.

Dynamic characteristics of commercial vehicle loads

The first steps of a comprehensive research program in road loadingmechanics,
conceived as one leading to a better basic understanding of the transportation
system as a whole, have been undertaken by Public Roads through cooperative
research projects. The need exists for a long-range development of a dynamic
theory, adequately substantiated by experiment, which would permit the pre-
diction of road life from the characteristics of the traffic flow, and which also
would indicate the effects of changes in vehicle suspensions and other elements
of the system. A complete analysis, properly relating the dynamic and static
performance factors of both vehicle and road, is envisioned. The experimental
approach to the problem was being investigated under a cooperative research
contract with the Purdue Research Foundation. The theoretical approach,
which would result in a complete systems model utilizing high-speed computer
programs, was being given preliminary study by Cornell Aeronautical
Laboratory.

Highway Needs and Economy Research
Finance and taxation studies

Research into problems of highway taxation and finance continued during
the year, with most of the emphasis being placed upon the prosecution of work
related to the Bureau’s highway cost allocation study. This included completion
of the analysis phases of studies of commercial bus operations and of the impact
of the accelerated highway program on those segments of industry most directly
related to highway construction. Methods and bases of taxation for highway
purposes and the distribution of responsibility for the financial support of the
highway function were also investigated.

Production studies

In the field of equipment performance, research has been done on the drying
of aggregates for bituminous admixtures, using a scale-model dryer at Ohio
State University. Studies were made of aggregate behavior during the drying
process to develop techniques for predetermining operating characteristics of
aggregate dryers.
Jobsite studies of equipment performance were made on 33 construction proj-

ects throughout the country. These were principally in connection with the
operation of dual-drum pavers and of all types of equipment experiencing traffic
problems during construction operations. Analyses of field data were underway.
Management of an extensive cooperative study in Iowa of equipment use and

performance in State highway maintenance was undertaken. Following com-
pletion of preliminary work early in fiscal year 1960, a 1-year scheduled study
will start.
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”A 80-minute motion picture, “Lost Mixing Time of Dual Drum Pavers,” was
completed and distributed among highway engineering groups. This film deals
with those performance characteristics and field practices which result in waste-
fully extended paver cycle time or needlessly reduced mixing time. It shows,
in animated form and in live action scenes, the mechanical process of mixing
concrete with a dual-drum paver.

Highway investment studies

Using the current price index, the investment in all roads and streets in the
United States from 1914 to the present was developed as it pertained to grading,
surfacing, and structures. Eight States supplied information which, with the
developed data, was used to compute the investment remaining each year.
Analytical estimates of highway needs, based on the relation between growth in
traffic and corresponding growth in highway investment, were completed for
the Interstate System. Similar needs studies were being conducted for other
highway systems.
Pilot studies were started on the collection of data to determine the service

life of highways by traffic volume groups and by reason of retirement, whether
structural deterioration or functional obsolescence.

Other studies

A pilot study was initiated in the Wisconsin State Highway Commission to
determine what external or internal factors affected the production of plans.
The study was being conducted on the basis of total time elapsed in the prepara-
tion of plans. Delays were analyzed and classified, flow charts were prepared,
and all policies and procedures relating to the production of plans were
eataloged. ;

Assistance was provided to the ‘National Association of County Engineers in
their research program on methos of county road management. The specific
purpose of this aid is to develop a procedure manual for the preparation of long-
range county road improvement programs.

Highway and Land Administration Research
Economic impact studies

A significant development in highway research in the fiscal year 1959 was the
increased emphasis directed toward economic impact research in connection with
highway improvements. During the year a total of 14 economic impact re-
search studies were completed, in cooperation with Public Roads. <At the year’s
end, there were some 40 studies underway in 31 States.
With more groups and individuals taking a greater interest in the expanded

highway program, State highway officials were seeking to evaluate the economic
effects of their activities. The results were being used in connection with hear-
ings, right-of-way acquisition, public relations, highway location and design, and
in other ways.
The nature of the highway economic impact studies varied widely, and in-

cluded such highway improvements as expressways, bypasses, alternate routes,
secondary roads, and urban streets. For example, one study investigated land-
nse changes along the Boston, Mass., circumferential highway and evaluated the
factors underlying those changes. The study was unique in that it attempted
to arrive at some net benefits which accrued to the entire metropolitan area by
tracing relocated industries and analyzing dispositions made of former locations
in terms of vacancies, character of new uses, assessments and tax revenues,
labor volumes, ete.
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Land acquisition, control] of access, and related studies

In cooperation with the American Bar Association, a sammary was completed
of all court decisions handed down during the year that involved the condem-
nation of property for public purposes. Trends in the thinking of the courts of
several States were analyzed.
A study of all court decisions in which control of access was at issue was

brought up to date. A final report will attempt to indicate trends in judicial
thinking in this field.
Continuing assistance was rendered in surveys and analyses of State highway

department accounting procedures involving land acquisition, in cooperation
with the Committees on Right-of-Way and Uniform Accounting of the Ameri-
can Association of State Highway Officials. These groups are interested in de-
veloping standards in the right-of-way field, for ultimate inclusion in the manual
on uniform accounting procedures.
In cooperation with the American Association of State Highway Officials,

efforts were continued to develop State righttof-way training programs and to
assist the various State highway departments in adopting these programs to
meet their own particular training needs. The development of a comprehen-
sive right-of-way training manual was also continued.
A study was commenced of all highway condemnation cases involving an ap-

peal to a higher court, in order to ascertain what the basis of the appeal was,
who prevailed on appeal, and why.

Administrative research

During the year, a 1952 report on State highway administrative bodies was
revised and rewritten to reflect conditions as of 1959. This report was published
originally by the Highway Research Board aid is part of the research program
of the HRB Committee on Highway Organizafion and Administration. At the
end of the year, work was in progress on an dnalysis of existing highway man-
agement reports. This analysis will show what management areas need at-
tention and will suggest priorities for research in the indicated areas.

Terminal facilities research

During the year, work was started on updating a summary of urban parking
legislation on which a considerable amount of work had been done previously.
Research in this area of the urban problem is important since a complete trans-
portation service involves the vehicle both in motion and at.rest, from origin
to destination.

Highway laws

The comprehensive study of highway law, in which the Highway Research
Board, the American Association of State Highway Officials, and the Bureau of
Public Roads are cooperating, was continued. Reports on system classification,
legislative purpose in highway law, Federal aid, outdoor advertising, and a sec-
ond report on condemnation of property for highway purposes were published
during the year. Research has been completed for reports on intergovernmental
cooperation, constitutional provisions concerning highways, and a third report.
on condemnation.

Urban research

Working with the Urban Research Committee of the Highway Research Board,
Public Roads sponsored a framework study for urban research at the University
of Wisconsin. Outstanding current developments in the field of urban transpor-
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tation were also analyzed and reported during the year. A set of criteria were

developed for evaluation of research proposals and establishment of priorities
for research investigations.

Hydraulic Research

Research on the hydraulics of culverts on steep grades is being conducted for
the Bureau of Public Roads by the National Bureau of Standards. Such cul-
verts have usually operated at less than capacity because of “entrance loss,”
that is the inability of the inlet end to accept as much water as the culvert is,
capable of carrying. Criteria have now been developed for the design of flared
entrances both in line with the culvert barrel and tilted down to accelerate the
flow at the entrance. This information was being passed on to the manu-
facturers who will develop precast concrete and prefabricated metal end sections
for pipe culverts. Such structures, which will also be developed for box culverts,
will significantly increase the quantity of water which can be carried for a given
cost.
In cooperation with the Corps of Engineers, an investigation was being made

at the Waterways Experiment Station to determine the flow resistance co-
efficients for metal pipe with large corrugations.
Public Roads also participated in another investigation of pipe roughness,

sponsored by the Florida State Road Department with Federal-aid funds. This
investigations was concerned with the hydraulic roughness of machine-tamped
concrete pipe and cast-and-vibrated concrete pipe, and the effect of irregularities
in the joints. The experimental work, conducted by the St. Anthony Falls
Hydraulic Laboratory of the University of Minnesota, had been completed and
a report was in preparation.
Another aspect of storm drain design is the problem of intercepting the water

flowing in roadway gutters. An investigation of the hydrodynamics of curb-
opening inlets was being conducted by Stanford University for the Bureau of
Public Roads.
In a project. sponsored jointly by the city of Baltimore, Baltimore County,

and the Bureau of Public Roads, the Johns Hopkins University was making
measurements of storm water runoff from a number of typical urban areas in
Baltimore and the adjacent county. Measurements had been started on water-
sheds in flat terrain to broaden the scope of the investigation. <A tentative new
method for designing storm drain systems was evolved but required further
checking before it could be recommended as a working procedure.
An attempt at developing reliable information on the magnitude and frequency

of floods in the arid and semiarid regions of the West was being made by
Colorado State University under a project sponsored by the Bureau of Public
Roads. The initial results applying to the high plains of eastern Colorado
and Wyoming appeared to be reasonably successful despite the relative scarcity
of data.
A good engineering approach to the hydraulic design of culverts is stil] ham-

pered by the lack of a reliable method of estimating what the peak rates of
runoff are likely to be. Preliminary results have been obtained in the classifica-
tion of watersheds according to the underlying rock formations and the estima-
tion of peak rates of runoff on the basis of physiographic factors such as channel
slope and watershed area. Climatic factors undoubtedly will be involved.
Two investigations were in progress involving scour around bridge piers and

abutments. This work, sponsored by the Bureau of Public Roads, was being
done at Colorado State University. Experimental work was nearly complete
on models of bridge abutments placed in an alluvial stream bed. Systematic
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relations. between the depth of scour and the geometry of the channel contrac-
tion caused by the bridge were being developed. The second investigation was

undertaken at the request of, and financed by, the State highway departments
of Alabama and Mississippi using Federal-aid funds. It was concerned with
establishing criteria for the shape and size of spur dikes constructed at bridge
abutments to alleviate the scour problem.
The application of hydraulic research to practical design problems necessarily

requires that the highway engineer become thoroughly familiar with the basic

principles of hydraulic design involved. As a means of facilitating this edu-

cational process, the Bureau of Public Roads engaged Colorado State University
to prepare the first of a proposed series of training films. The film will illus-
trate the principles of open-channel flow by means of laboratory demonstrations,
and scenes of similar occurrences at actual highway structures.

Physical Research

Soils, foundations, and flexible pavement studies

Highway engineers have been alerted to the potential use of nuclear energy
in many types of materials research and control. Cooperative studies, in which
radioactive materials, detectors, and counting devices are used for the measure-

ment of the moisture content and density of soils and aggregates, were started
in Arizona, Maine, and North Carolina. Conferences were held with the Highway
Research Board regarding other potential applications of nuclear energy in

highway engineering, including the determination of uniformity of mixtures,
thickness of flexible pavement courses, and moisture movement.
The development of methods of stabilizing soils and improving low-quality

aggregates for use in areas where the supply of high-quality aggregates is not

adequate for the highway construction program was continued. Field inspection
in April of an experimental road section in Missouri, constructed the previous
October with a plastic subgrade soil stabilized with phosphoric acid and a small
percentage of an amine, indicated that the treatment could reasonably be ex-

pected to be effective. This method of stabilization was developed by laboratory
study in the cooperative program of Public Roads and the chemical industry.
Laboratory study of another chemical process for soil stabilization is underway.
A cooperative study of the use of lime and fiyash for stabilization of slag was

started in Hlinois,
The scarcity of known sources of high-quality aggregates in some areas has

caused additional States to make a concerted effort to locate natural materials
sources by using aerial photographs, soil and geologic maps and’ reports, and
earth-resistivity equipment. Cooperative aggregate surveys are underway in
Arizona, Idaho, Maine, New Mexico, North Dakota, Oklahoma, Oregon, Vermont,
Washington, and West Virginia.
The development of soil maps and engineering interpretations regarding soils

was continued. The information derived will be useful in highway location
studies and in planning soils surveys for highway projects. Highway depart-
ments of 21 States are testing samples collected by the Soil Conservation Service,
in a cooperative program with that group. Engineers in these and several other
States are assisting in the preparation of information for the soil survey reports.
Public Roads either prepared or reviewed the chapters on engineering applica-
tion for 13 county soil survey reports and received soil samples from 61 additional
counties or areas located in 27 States. A total of 4,400 soil samples have now

been obtained from 133 counties since the cooperative program was started in

1951. As part of a separate study, a State soils manual was prepared for

Oklahonia.
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Technical assistance was given in the solution of embankment problems in
Arkansas, Maine, Ohio, and Virginia. Cooperative studies to develop informa-
tion regarding foundation or slope problems included embankment settlement
and stability in Nebraska, embankment and cut-slope design methods, and cor-
relation of inplace soil strength with laboratory data in Oregon, and evalua-
tion of sand drain procedures in New York.
Comprehensive field investigations in cooperation with Oklahoma and South

Dakota to correlate flexible pavement design with pavement performance, soils,
environmental conditions, and loading were continued. A similar correlation
was started in Arkansas. <A total of 129 pavement sections, having a total
length of 972 miles, were under intensive study in these investigations. Co-
operative studies were inaugurated in Georgia and Nebraska for the purpose
of obtaining fundamental data on the mechanies of load support of flexible
pavements. The cooperative study of load-deflection of selected flexible pave-
ments in Maryland was continued, and similar studies were initiated in Oregon
and South Carolina.

Bituminous materials and pavements
The accelerated highway program has created a greater interest in the

proper control of materials, the design of bituminous mixtures, and the con-
struction details that affect the quality and performance of bituminous surfaces.
More interest has been shown by State highway departments in controlling

plant mixing temperatures by the viscosity of the asphalt during mixing. To
evaluate this properly, a test was needed to determine when proper mixing had
been accomplished. Studies were made and a tentative procedure for determin-
ing the uniformity of coating and distribution of the asphalt in the mixture was
developed.
A motorized gyratory compactor for preparing laboratory specimens of

bituminous mixtures was being constructed to conduct needed research for
establishing optimum compaction of bituminous mixtures in the laboratory and
for correlating laboratory and field compaction. This device should excel others
now in use in producing compaction more nearly like that obtained in pro-
totype pavements.
New uses of radioactive isotopes for evaluating the properties of bituminous

mixtures and pavements are being developed. A cooperative study was started
in Arizona in which radioactive materials were being used to determine the
asphalt content of bituminous mixtures.
Research studies were continued in the correlation of properties of bitwminous

mixtures and pavements with field performance. ixperimental bituminous
pavements were constructed in Delaware during the past year, in addition to
those previously constructed in Maryland and Virginia. Wnder a cooperative
agreement with the Georgia State Highway Department, a correlation study to
improve asphalt pavement design was started by the Georgia Institute of
Technology. Study of the effect of drying and heating on the properties of
aggregates for bituminous mixtures was being continued by the Public Roads
laboratory and in cooperation with Ohio State University.
Cracking of bituminons surfaces constructed on flexible bases is of consider-

able concern to a number of States. Because of the lack of suitable test pro-
cedures, little information is available on the properties of flexibility and causes
of fatigue failure in bituminous surfaces. Laboratory apparatus for studying
this problem has been designed and was being built.
Research to determine the chemical characteristics of asphalt cements and

the relation of these characteristics to performance in the highway pavement
was begun, This includes the application of chromatographic techniques for
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separating the asphalt into components and the use of infrared and ultraviolet
spectroscopy to identify specific compounds or groups present in the components.
The objective of these studies is to relate the composition of asphalts to physi-
cal changes that occur in service. Some of this work was being conducted in
cooperation with one or more asphalt producers.
Important progress was made in the development and use of improved

methods of test for bituminous materials. The thin-film oven test developed
by Public Roads to evaluate resistance of asphalt to hardening during the
manufacture of the pavement has now been accepted as a specification test by
10 State highway departments and by the Asphalt Institute.
Progress has also been made toward establishing a suitable and precise

method for determining the viscosity of asphalts in fundamental scientific units
by means of the sliding plate microviscometer and the Zeitfuchs capillary
viscometer.
The research investigation of the properties of approximately 150 asphalt

cements of the 85-100 penetration grade produced in the United States for use
in highway construction was completed and reported. This, together with a
similar study covering the properties of the other grades of asphalt cement
used in the United States, now makes available valuable information for the
development of better specifications.
In conjunction with the laboratory research on asphalt, several studies were

made to determine the progressive changes in asphalt that occur in service.
Some of these studies were being conducted cooperatively with State highway
departments and with the Asphalt Institute.
The development of new or modified bituminous binders was followed closely

by Public Roads. A preliminary investigation was made of a process proposed
for producing a road binder from coal. Laboratory study and field observations
will be made of experimental construction using this binder. The progress of
other efforts to improve bituminous binders based on the blending of elastomers
and epoxy resins with asphalt is also being observed.

Chemical investigations
Investigations of the methods of chemical analyses and chemical properties

of highway materials were continued. A report on the loss on ignition of port-
land blast-furnace slag cement was completed and published. The study estab-
lished the validity of a proposed empirical method and also resulted in a new
and more rapid method for inaking the test.
A report on the chemical test for determining the alkali reactivity of concrete

aggregates was completed. Deficiencies of the present standard test method
were defined and an improved approach toward interpreting test results was
proposed.
Laboratory work on methods of chemical analysis for concrete retarders was

completed and a report was being prepared. Procedures were developed, utiliz-
ing infrared and ultraviolet spectrophotometry, which will provide State and
Federal agencies with the means for quickly establishing the identity and con-
centration of such materials. Thus, they will be able to determine quickly
whether any change has been made in materials supplied at various intervals
and thereby have assurance of continued uniform performance when the mate
rial is used in concrete.
Preliminary study indicates that the technique of infrared spectrophotometry

is equally suited for the rapid evaluation of uniformity and composition of many
other products used in highway construction, such as air-entraining and water-
reducing admixtures for concrete, bituminous materials and additives, and com-
plex paints for structural steel and pavement marking.

55



Exposure studies of new corrosion-resistant paints for highway structural
steel were continued. The results of such studies will determine the specifica-
tions to be used for obtaining better and more economical paints.
Exploratory investigations on the use of epoxy resins indicate that such

materials have considerable promise for highway construction. Possible appli-
cations include their use as bituminous admixtures, bonding and sealing agents
between concrete bridge decks and bituminous surface course, and as additives
to produce more durable traffic-striping and structural steel paints.

Cement, aggregates, and concrete

An investigation of water-reducing retarders for portland-cement concrete
lias been completed and a report is being prepared. Most of the products tested
are also water-reducing agents. It was found that these materials, in addition
to being useful for retarding the early set of concrete, generally increase con-
crete strengths at all ages without adversely affecting the durability of the
concrete,
The methods of evaluating water-reducing retarding admixtures have been

studied. Chemical tests for determination of composition and uniformity are
essential but additional physical tests of the concrete that contains a retarding
admixture are necessary. A comparison of the method of measuring retardation
was made and the practicality of the method in current use was proven. From
the results of the study of the effects of retarders on concrete and the methods
of measuring retardation, it was planned to prepare a guide specification for
their acceptance and use that will be of benefit to public agencies and others in
the preparation of specifications for retarders.
A study of lightweight aggregates for concrete was started, including 2

expanded slags, 2 lightweight materials manufactured by the sintering process,
and 12 manufactured by the rotary process. Such properties of the concrete
as strength, durability, and volume change under various conditions of labora-
tory and outdoor exposure, were being determined. In addition, an attempt was
being made to relate the properties of the aggregate particles themselves to
the properties of concrete.
Concrete sealing resulting from the use of calcium chloride for ice removal

was still under study. Over 200 15- by 24-inch slabs, composed of various
combinations of cements, aggregates, and admixtures and treated with various
surface-treatment compounds, have been subjected to applications of calcium
chloride under outdoor exposure. These tests demonstrated that air-entrain-
ment provides good resistance to scaling resulting from chloride applications.
A study of the efficiency of type 34-E dual-drum paving mixers was conducted

in cooperation with 12 States during the year and will be completed in the year
following. The effect of time of mixing and of overload on uniformity and
strength of the concrete was deterinined. As mixing time authorized in State
specifications varies from 50 to 120 seconds per batch, and overloads of as
much as 20 percent are permitted, a saving in time without a loss in quality of
concrete could result, if minimum mixing time and maximum loads were
determined and combined. Reports to date indicate that savings can be accom-
plished but it has been observed that problems of supplying materials to the
mixer must also be considered.

Structural design of concrete pavements
Development of. information to improve the structural design of concrete

pavements was continued. Activities in this field were directed primarily
toward investigations of the practical value of new features of design.
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Research on the performance of jointless, continuously reinforced concrete
pavements was expanded with the construction of experimental projects in
Michigan and Maryland and the planning of projects in five other States.
Observation and study of the behavior of five of the nine continuously rein-
forced pavements now in existence were continued. These pavements include a
considerable number of design variables and provide a rather extensive research
coverage of these principal features. Information so developed, applied to
subsequent experimental pavements, has been resulting in increased refinement
in design.

Road surface research

Efforts directed toward developing better methods and apparatus for evaluat-
ing the smoothness and skid resistance properties of pavement surfaces have
been continued. The Bureau's Road Roughness Indicator has been demonstrated
to a number of highway engineers to acquaint them with its characteristics
and usefulness. More than one-third of the States and several foreign coun-
tries have constructed such devices from plans and specifications supplied by
the Bureau of Public Roads.
Public Roads participated with other Federal, State, and commercial groups

in correlation studies with their new skid resistance equipment at the First
International Skid Prevention Conference in Charlottesville, Va. Progress has
been made in developing and improving this equipment to measure the skid
resistance of wet pavement surfaces.

Bridge research

The final report on the cooperative dynamic testing of bridges in Iowa was
completed and the draft of the report on similar testing in Nebraska has been
prepared. Data on Missouri tests have been analyzed by the State and were
being checked by the Bureau, making effective use of electronic data reduction
equipment. Work on the Seuth Dakota data continued.
The Bureau’s electronic field testing equipment was being used on the AASHO

Road Test to record the behavior of the test bridges under the passage of test
vehicles. These measurements will contribute knowledge on the impact factors
applicable to the design of highway bridges and will also record the progressive
effects of the repeated application of overloading to the test bridges.
The theoretical studies and laboratory research on dynamic effects on highway

bridges being conducted at the University of INinois were wel) advanced. The
results of this cooperative study were being used in the interpretation and
codification of the data from the dynamic tests on the AASHO test road
bridges. They will also be applied to the data obtained in earlier tests on
bridges in the field as well as on future bridge tests.
Wind tunnel tests on models of overhead and roadside highway signs and

their supports have indicated the range in which resonant vibration of such
structures may be expected to occur because of the action of wind. From
this research a design criterion has been derived for supporting structures, to
avoid this serious form of vibration.
Studies have been made and a one-fiftieth scale section model of the proposed

San Pedro suspension bridge has been designed at the request of the California
Division of Highways. The model will be built and tested in the wind tunnel
early in the 1960 fiscal year to determine the aerodynamic characteristics of the
bridge and insure its stability in the wind.
Cooperative tests at Lehigh University demonstrated the resistance of a

shell-type aluminum bridge to static and dynamic loading and confirmed the
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validity of the design analysis employed. It is expected that several bridges
of this new type will be erected on an experimental basis to test its suitability
and economy under highway loading.

Foreign Activities
The Inter-American Highway
Since 1930 the United States, through the Bureau of Public Roads, has been

assisting the Republics of Guatemala, El Salvador, Houduras, Nicaragua, Costa
Rica, and Panama in the construction of the Inter-American Highway, which is
that section of the Pan American Highway from Nuevo Laredo on our Mexican
border, to Panama City at the Pacific terminal of the Panama Canal, a distance
of 3,142 miles. Connecting highways from El Paso and Nogales, Tex., to Mexico
City now afford more direct routes from the Western United States.
The section of the highway in Mexico has been financed and constructed

entirely by Mexico.
At the end of the year, 95 percent of the Inter-American Highway was pass-

able in all kinds of weather by motor vehicles, but uninterrupted travel to
Panama City was still an inipossibility. Throughout its length of 1,587 miles
in Mexico, the highway was open at all times and practically all of it was
paved. From the Guatemala-Mexican border, the highway was also passable at
all times over paved or gravel roads for 1,119 miles further south to San Isidro,
Costa Rica. In this distance, many sections were under construction, but the
route was open and passable without undue difficulty.
Beginning at San Isidro, Costa Rica, a formidable impassable section of the

route extended for 149 miles through rough and undeveloped territory to Con-
cepcion, Panama. This entire section was under construction. From Concepcion
to Panama City, a distance of 287 miles, the highway was passable at all times
but considerable construction was underway.
The condition of the highway and the work accomplished during fiscal year

1959 are described in the following paragraphs.
In Guatemala, the entire highway was passable at all times. The previously

impassable gap in the difficult Selegua Canyon, a few miles from the Mexican
border, was opened to traffic and has been in continuous use by local and
through traffic since October 1958. In the northern section of Guatenrala, from
the Mexican border to Patzicia, grading and gravel subbase construction was

substantially completed and a contract for the paving of this 175-mile section,
except for 7 miles in the Selegua Canyon, was awarded. Twenty permanent
bridges are still to be completed, but detours or temporary bridges were available
in all cases. In southern Guatemala, grading and gravel subbase work was

nearing completion. Ten bridges are still to be completed, eight of which are
under construction. In all cases, traffic encountered no delays.
In El Salvador, the highway was completed and paved from border to border.
In Honduras, the grading, bridges, and gravel subbase construction were sub-

stantially completed during the year. The entire length of highway was sched-
uled to be ready for paving at the beginning of the next dry season in
December.
In Nicaragua, the grading, bridges, and gravel subbase work were also com-

pleted during the year on all of the sections that were not previously completed
and paved. Contracts were awarded for the paving of a 35-mile section in
northern Nicaragua and a 22-mile section in southern Nicaragua. Plans were

complete for surfacing the last 48-mile unpaved section of the highway in
Nicaragua.
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In Costa Rica, the highway from the Nicaragua border to San Ramon, where
the previously paved road begins, has been paved except for about 6 miles
adjacent to the border. Because the wet season extends from May to November,
this short section will not be completed until fall but the highway was passable at
all times. In southern Costa Rica, the entire 132-mile section between San
Isidro and the Panama border was still under construction in three contracts for
grading, drainage, gravel subbase, and five bridges. Fair progress was made
during the year despite the rough terrain, excessive rainfall, and difficulty of
access. There are still 39 bridges to be constructed before this section will be

passable. At the end of the year the first steps toward placing these bridges
under contract were taken.
In Panama, the grading, bridges, and gravel subbase were completed on one

83-mile section during the year and a contract for the paving was subsequently
awarded. Four contracts for grading, bridges, and gravel base were underway,
covering the entire portion of the route in Panama which was not already paved
or under contract for paving, except for one 30-mile relocation where an ade-
quate road existed. Arrangements were made near the end of the year to pro-
vide for a paved highway from the Costa Rican border to Panama City.
During the year, contracts were awarded for paving 288 miles of the Inter-

American Highway. Of the 1,555 miles from the Mexico-Guatemala border to
Panama City, 985 miles were either paved or under contract for paving. This
left 570 miles on which some construction remained to be done. Grading,
bridges, and gravel subbase have been completed or were under construction on
all of this except for 30 miles in Panama, and for partial construction on 71
miles in Costa Rica. In addition, there are still 11 bridges in Guatemala, 39 in
Costa Rica, and 4 in Panama to be placed under contract. The highway will not
be passable throughout Costa Rica until these bridges are built, but in Guatemala
and Panama there was no delay to traffic because detours or temporary bridges
were available.

Other Latin American projects
In Guatemala, Public Roads continued furnishing technical engineering as-

sistance to the International Cooperation Administration in connection with the
construction and improvement of the Pacific Highway, from the Mexican border
to the border of Fl Salvador, and the Atlantic Highway, from Guatemala City to
Puertos Barrios, as well as rural development roads.
In Nicaragua, the Bureau of Public Roads continued its technical assistance to

the Republic in the planning and construction of their National Highway System
(other than the Inter-American Highway), which was being financed in part
by a loan from the International Bank for Reconstruction and Development
(World Bank). This program ended at the close of the fiscal year.
The United States is also assisting Nicaragua financially in the construction of

the Rama Road, extending 158 miles from San Benito on the Inter-American
Highway to Rama, a river port on the Escondida River. When completed, it
will form the main transportation link from the settled portion of Nicaragua on
the Pacific Coast to the large, undeveloped, fertile areas of eastern Nicaragua
and the Atlantic Ocean. In order to complete the highway, 20 miles of roadway
and eight bridges remain to be placed under contract.
During the year, the Bureau of Public Roads sent a highway design engineer

to Colombia on detail for about 30 days to assist the Government of Colombia in
establishing a highway design department. Requests for additional technical
assistance were received from Costa Rica for a photogrammetric engineer and
from Panama and Costa Rica for construction equipment specialists.
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Other foreign activities
The Bureau of Public Roads has, since the end of World War IT, provided

technical assistance, advice, and consultation to many foreign countries in co-

operation with the Department of State, the Export-Import Bank, and the In-
ternational Bank for Reconstruction and Development (World Bank). The
objectives of such assistance have been to further the programs of highway
improvement and communications in those countries, thns fostering their eco-
nomic and social growth.
Activities in Ethiopia —Expenditures and cominitments totaling $8.8 million,

primarily for equipment procurement, were made out of the $15-million loan ob-
tained from the World Bank in 1957. The highway program financed by this
loan was modified by some changes of route locations and by assignment of new
Priorities to individual roads,
During the fiscal year, ground surveys were begun on approximately 840 miles

of high priority roads on which aerial survey and design work had been com-

pleted. Four major projects, totaling more than 189 miles, were advertised for
bids.
The training of Ethiopian personnel at all levels and in a variety of fields

continned. Several positions in the Imperial Highway Anthority formerly filled
by U.S. personnel, including that of assistant director, were now filled by Ethio-
pians. At the close of the fiscal year, 20 U.S. engineers and technicians were
assigned to the authority.
Activities in. Iran.—During the fiscal year, Public Roads provided technical

assistance to Iran in the development of good maintenance practices and low-
cost road improvement. This consisted primarily of ditching, widening, grad-
ing, and placing gravel or crushed stone surfaces. Special projects with bitumi-
nous road-mix and penetration surfaces were initiated as demonstrations of
two types of dustless surfaces.

Continued cooperation was given to the Iranian Ministry of Roads in the
organization and staffing of a highway department, the training of personnel
in the operation, maintenance, and repair of modern construction equipment,
and the implementation of a highway maintenance program.
Activities in Jordan.—The political instability in the Middle East has created

difficnities in continuing a plan of highway development in Jordan. However,
a highway system had been defined and effort was being concentrated on
development of those portions of the proposed highway system which had
potential for greatest immediate benefit in the movement of traffic and
commodities.
The Public Roads advisory staff in Jordan assisted in the organization of

a highway division within the Ministry of Public Works and directly assisted
on special-aid highway construction projects. Technical aid also was provided
in the establishment of a heavy-duty equipment repair department.
Special-aid assistance involved construction, by force-account methods, of

approximately 185 miles of the highway system, including 80 miles on the
primary system, 15 miles on the secondary system, and 90 wiles of feeder
and village access roads. Of this total 71 miles had been paved.
During October the new 26-mile section of highway between Amman and

the Dead Sea was officially opened for traffic. This section required approxi-
mately 2.5 million cubie yards of excavation and construction of a 382-foot
bridge over the Jordan River.
Major highway construction for the year included grading and crushed-stone

surfacing of approximately 12 miles on the primary highway system and 11

miles on the secondary and feeder road system; and application of approxi-
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mately 37 miles of penetration-type asphalt surfacing and 6 miles of roadmix-
type surfacing on the primary highway system. Extraordinary maintenance
work on the Naur-Dead Sea highway, required by storm damage, was also
accomplished.
To provide employment for the large refugee population of Jordan, the Bureau

of Public Roads was allotted an additional $470,000 for construction of sec-

ondary and feeder roads, which began in May 1959.
At the close of the fiscal year, construction was nearing completion on 95

miles of primary, 29 miles of secondary, and 90 miles of feeder and access
roads. Surveys and design were in progress for projects to be financed from
fiscal year 1960 funds.
Activities in Lebanon—On July 3, 1958, a division office of the Bureau of

Public Roads was established in Beirut, Lebanon, to provide technical assistance
in developing the highway program of that country.
Little could be accomplished during the first 6 months due to the armed

rebellion and subsequent period of instability. Since January 1959, however,
Public Roads maintained steady progress in the accomplishment of its mission.
Major objectives were the development of plans for a single highway depart-
ment, the consolidation of repair facilities, assistance in design, and supervision
of construction. Approximately $270,000 of modern highway construction equip-
ment was received during the year and an additional $215,000 was on order.
Orders were placed for $100,000 of machine tools, tools, and spare parts as a
start on a modern highway repair shop and for the repair and rehabilitation
of the large amount of inoperative equipment.
Activities in Liberta—Public Roads continued its assistance to the Liberian

Division of Highways which, during the year, completed construction of 85 miles
of surfaced highway and 12 concrete bridges. Location survey or design work
was completed on 152 miles of highway. A concrete box-girder bridge 500
feet long was 70 percent complete.
Work in the Western Provinee was 80 percent complete with $8 million of a

$138-million loan from the Export-Import Bank having been expended. An out-
standing project completed in this area was the bridge over the St. Paul River.
The bridge is a major link between the Liberian highway system and neighbor-
ing Sierra Leone. The 147-mile Gbanka-Voinjama-Konjo Highway was sched-
uled to be completed during fiscal year 1960.
The farm-to-market road program progressed with the completion of a 20-mile

section and the start of construction on another road, 58 miles long.
Two Liberians, in training under the assistance program, graduated from

American colleges and have assumed positions as Assistant Bridge Engineer
and Assistant Materials Engineer with the Liberian Division of Highways.
Activities in’ Nepal—The Bureau of Public Roads was providing assist-

ance to Nepal in highway improvement under a joint agreement among the
Governments of India, Nepal, and the United States. The program consisted
of the improvement of existing roads and construction of others, totaling over
800 miles. The training of a Nepalese staff in modern highway procedures was
also one of the principal aims.
The total financing committed to the program was $7.2 million, of which

the United States was contributing $5 million through ICA. At the close of
the fiscal year, more than $1.7 million had been obligated for commodity
purehases.
Many problems were encountered, due to the lack of background in highway

construction and engineering methods and the shortage of experienced or
trained Nepalese personnel. The Public Roads mission included five engineers
and technicians. Two Nepalese engineers were in the United States receiving
training in State highway departments.
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Activities in the Philippines.—Public Roads has maintained a work group in
the Philippine Islands since 1946. Until 1952 its principal concern was reestab-
lishment of a highway organization and restoration of the war-damaged roads
and bridges under the Philippine Rehabilitation Act.
Since 1952 the Public Roads group has acted as a consultant and functional

agency to the International Cooperation Administration and its predecessors
in road matters, and as advisers to the Philippine Bureau of Public Highways.
Assistance has been given to the advancement of the nationwide highway pro-
gram, construction of the Mindanao development roads, replacement of tem-
porary bridges, and develojnnent of village and feeder roads.
Commodity support by the United States during the past 8 years has totaled

more than $27 million. This has been in the form of construction and main-
tenance equipment, shop tools, structural plate, culverts, and steel for bridges.
Such support during fiscal 1959, due to lessening requirements, was only
$400,000, most of which was used for the purchase of asphaltic materials.
During the fiscal year work in the construction of the Mindanao develop-

ment roads, although hampered by continuous rain, amounted to over $7.5 mil-
lion. Forty-eight miles of roads and 34 bridges were completed, and at the
end of the year 152 miles of roads and 43 bridges were under construction.
Only 33 miles of roads and 11 bridges remained to be completed in the program.
Under the village (barrio) and feeder road program, 792 miles were com-

pleted and 886 miles were under construction this year. About 236 of the com-
pleted miles and 70 of those under construction were self-help roads on which
the villagers furnished rights-of-way, labor, and local materials while the
government furnished the equipment, fuel oil, operators, and supervision.
The training program for Philippine personnel continued. Ten trainees were

sent to the United States during the year for specialized practical work. In-
struction and demonstration were given on the operation and maintenance of
equipment in many of the provinces and cities of the Islands. Special attention
was given to shop management, equipment repairs, and the use of tools.
Activities in the Sudan—In April 1958, under an agreement with the Inter-

national Cooperation Administration, the Bureau of Public Roads established
a technical assistance mission to the Sudanese Government. At the end of the
fiscal year the mission had four engineers and three equipment specialists in the
Sudan, with more planned as the program develops.
Two projects were initiated during the year. One, a highway development

project, was designed to train Sudanese engineers both on the job and abroad
in the fields of highway planning, design, and construction, and to establish
a maintenance organization capable of maintaining future construction and
improving existing tracks.
The second was a highway construction demonstration project, which will

include proven design criteria and construction methods, give needed practical
experience to local engineers and technicians, illustrate highway construc-
tion costs derived from competitive bids, and provide needed increments to
Sudan’s highway system. Plans and specifications for this 13-mile demonstra-
tion road were completed at the close of the fiseal year.
Activities in Turkey—In June 1959, the last member of the Public Roads

mission left Turkey, thus terminating more than 11 years of technical and
administrative assistance to that country. The Turkish Directorate of High-
ways, at that time, assumed the entire responsibility of administering Turkey’s
road improvement and maintenance program. The fact that during those 11

years, the directorate was organized, staffed, and trained, and that enabling
legislation was enacted, is assurance that the mission was successfully
accomplished.
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Continued assistance on specific problems will be available to Turkey as the
needs may arise.
Miscellaneous activities——Assistance and advice to the Ministry of Works

in British Guiana was continued. Because the shortage of local funds made

implementation of recommended road programs extremely difficult, the one
Public Roads engineer had returned to the United States.
Preparations were underway by Public Roads to send a six-man team to

Laos on a temporary detail to make an inventory of equipment purchased by
the International Cooperation Administration, and to assist in getting construc-
tion underway on a project extending from the Laotian capital city of Vientiane
to the Mekong River. It is anticipated that more extensive assistance by Public
Roads will ultimately be provided.
During the year, a team of three Public Roads officials visited Poland for a

3-week period, under the auspices of the State Department, to study their high-
way system, designs, and techniques.
Consultations were held in Washington, D.C., with officials of the ICA in

regard to the formation of a survey group to study the advisability of proposed
highway improvements in Yemen. It was anticipated that the Bureau of Pub-
lie Roads would send a mission of engineers and technicians to that country
in the near future.

Training of foreign engineers
Highway officials, engineers, and technicians continued to come to the United

States during the year to study the techniques and methods which have been

developed in the fields of highway organization, administration, research, design,
construction, and maintenance. Public Roads, with the cooperation of the
State highway departments, arranged and provided nearly 500 man-months
of training for 145 participants from 25 countries, exclusive of the nearly 130
easual visitors and participants whose programs were arranged by other gov-
ernmental agencies.
Included in the 145 participants were 6 teams, averaging 10 members each,

whose programs were of approximately 6 weeks’ duration. The average program
of individual participants was about 9 months. Although most of the partici-
pants were sponsored by the International Cooperation Administration, some
were sponsored by nongovernmental organizations or sent by their own
governments.
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Table 19.—Mileage of the national forest highway system, by forest road class
and by State, as of June 30, 1959

Region and State or territory Total Class 11! Class 22 Class 33

West: Miles Miles Miles Miles
Alaska - 446. 2 166.4 245.0 34.8
Arizona 1,055.3 325.8 558.9 170.6
California 2, 454. 5 1,070. 4 320. 2 1,063.9
Colorado 1, 482. 2 573.0 537.2 372.0

Idaho 1, 216.7 648.9 324. 243. 2
Montana 1, 193.7 685. 8 228.2 279.7
Nevada 368.9 155.0 164.2 49.7
New Mexico . 642.3 131.2 413.4 97.7

Oregon - 1, 443.3 686.1 720.7 36.5
South Dakota 300. 2 187.1 101.1 12.0
Utah 735.9 224.2 230. 8 280. 9
Washi gto 743.5 482.0 207. 2 54.3
Wyoming 470.5 344, 4 107.6 18.5

Total West : 12, 5538. 2 5, 680. 3 4,159.1 2, 713.8

East:
Alabama .. 374.4 82.3 258. 0 34.1
Arkansas - 633.3 96.7 536.6
Florida 289.8 32.7 211.3 45.8
Georgia - 366.7 152.6 185. 8 28. 3

Tilinois 301.8 241.3 45.7 14.8
Indiana - 101.2 53.6 47.6 -
Iowa - - - 20.0 11.3 8.3 4
Kentucky 351.4 131.1 211.2 9.1

Louisiana 398. 2 54.1 169. 8 174.3
Maine . - - 14.0 14.0
M‘ch’gan 1, 163.8 590. 8 549, 2 23.8
Minnesota 703. 8 311.6 321.7 70.5

Mississippi 547.3 323.9 208. 4 15.0
Missouri 978. 8 370.7 590. 1 18.0
Nebraska 23.5 23.5
New Hampshire 158.0 61.9 39.6 56.5

North Caro na 830.0 365. 5 423. 2 41.3
Ohio 133.6 70.4 43.1 20.1
Oklahoma . 46.2 29.6 16.6
Pennsylvania 353.9 118, 4 85.9 149, 6

South Carolina 774.9 238. 2 467.0 69.7
Tennessce 568. 7 179.8 329.5 59.4
Texas 347.2 128.3 187, 2 31.7
Vermont 119.1 32.7 61.9 24.5

Virginia - 1, 406. 4 371.0 924.4 NLO
West Virginia 495. 4 78.4 364.7 §2.3
Wisconsin - 469.1 75.7 352. 4 41.0
Puerto Rico 42.5 42.5

Total East 12, 013.0 4, 202. 6 6, 705. 2 1, 105. 2

Grand total 24, 566. 2 9, 882. 9 10, 864. 3 3, 819.0

1 Forest roads which are on the Federal-aid primary system.
2 Forest roads which are on the Federal-aid secondary system.
3 Other forest highways.
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Table 20.—Mileage of highways in national parks, monuments, and park-
ways, constructed under the direct supervision of the Bureau of Public Roads
during the fiscal year ended June 30, 1959

Park, monument, or parkway (and State)
Under con-

struction as of
June 30, 1959

Completed
during fiscal

year

Acadia (Maine)
Arches (Utah)
Badlands (S. Dak)
Big Bend (Texas)
Blue Ridge (Va.-N C )
Colonial Park (Va) -
Colonial Parkway (Va)Dinosaur (Colo.-Utah)

Everglades (Fla )
Foothills (Tenn )
George Washington Memorial (Md.-Va )
Glacier (Mont )

Grand Teton (Wyo )
Great Smoky Mountains (N.C.-Tenn )
Mesa Verde (Colo )
Mt. McKinley (Alaska)
Mt. Rainier (Wash )
Natchez Trace (Ala.-Miss.-Tenn )
National Capital (D.C )
Olympic (Wash )

Rocky Mountain (Colo )
Shenandoah (Va.)
Theodore Roosevelt (N, Dak )
Vicksburg (Miss )

Yellowstone (Wyo )
Yosemite (Calif )
Zion (Utah)

Total

Miles

on
m
m
,

be

Miles

pe
ep

13.7
23.4

13.3

11.2

to
Se

M
W

274.3
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