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Part 1

HISTORY ¢ ADMINISTRATION o FINANCE

HISTORY

The United Stateg now has a network
of improved highways reaching to every
part of its area and of great importance
in every phase of national life. Thege
highways have been built largely in the
past 30 years, but it may be of interest to
exainine briefly the history of highway
transportation - and the forces that
brought highway improvement.'

Early History

The first settlers found a complete wil-
derness, and located their homes along
the rivers and bays close to water trans-
portation. When lands close to navi-
gable water were occupied new settlers
went inland, Roads were built to the
nearest wharf, but often they consisted
only of clearings through the forests.

Prior to our War of Independence
(1775-83) travel was mainly on foot or
horseback, In 1717, 110 years after the
first permanent settlement, post riders
were earrying mail between Boston and
Willinmshurg, Va., at monthly intervals
in summer and bimonthly intervals  in
‘winter. The route was over 600 miles
long. Roads were either trails or wagon
routes widened from bridle paths. Im-
mediately following the War of Inde-
pendence, chaotic social and economic
conditions were not conducive to road
improvement,

In 1794 the new republic was shaken
by a rebellion of the farmers of western
Pennsylvania against the tax levied by

' As an aid to the reader who may be un-
familiar with the terms used in this discus-
sion, definitions arce given on p. 45,

the Government upon whiskey. The cost
of hauling grain over bad roads was so
great that farmers made whiskey which
could be transported more readily to dis-.
tant markets. The need for an improved
road was met by construction of the
Philadelphia and Lancaster Turnpike,
the first extensive broken-stone roadway
built in this country, completed in 1795.
A 24-foot surface 62 miles long was con-
structed with hand-broken stone and
gravel. I'ravel became possible at all
seasons of the year.

Turnpikes

In the following 4G years nurmerous
turnpikes were constructed. These were
graded, gravel, or broken-stone roads
built by companies organizéd to make a
profit through tolls, Most of the com-

panies failed to acquire the profits hoped
for. In this period stage-coach lines de-
veloped rapidly, and many freight-haul-

dai

A toll gate on the Maysville Turnpike—1830,




ing businesses were established. In
later years taverns built to accommodate
highway travelers remained as historie
landmarks long after the travel they
sorved had ceased. ‘

The National Pike

In 1808, the Federal Government be-
gan the construction of a road from
Cumberland, Md., to the west, known as
the National Pike or Cumberland Road.
- Businessmen of Baltimore urged this im-
provement in order to carry on commerce
with the rich lands being settled. By
1819 travel on this road was possible as
far as Wheeling on the Ohio River, a dis-
tance of 131 miles. It took 10 years to
build this section of road., The 20-foot
gurface had a 12-inch bottom course and
a. B-inch top course consisting of stone
broken with hammers.. Traffic was de-
pended upon for compaction. The cost
wasg $13,000 per mile. . :

By 1%19, Pennsylvania, the foremost
road-building State in the Union during
{he period, had placed a broken-stone sur-

fuace on the main highway from Phila-
delphia through to Pittsburgh, a distance
of about 300 miles,

Lands distant from navigable water-
ways were occupied by new Settlers.
Pioneers were pushing their way west-
ward in an expansion of settlement that
eventually reached the Pacific Ocean.
There was great need for land trans-
portation.

Canals had been constructed at several
places along the Atlantic seaboard. They
alded greatly in developing the territory
through which they passed. However,
in the greater part of the country condi-
tions were. not suitable for canal
construction,

The railroad eru

In 1830 all indications pointed to a
period of extensive highway construc-
tion but, in August of that year, the steam
Iocomotive demonstrated its superiority
over the horse-drawn vehicle on the first
tracks of the Baltimore and Ohio Rail-
road near Baltimore. Rapid develop-

In 1830 the iron horse demonstrated its superiority over other forms of transportotion,




ment of the railroad soon convineed the
prblie that it was the ideal ingtrument for
transportation over the long distances
that must be {raversed in settlement of
a great area. Soon the resources of the
country were devoted £0o construction of
railroads. Highways entered a “dark
age” from which they did not completely
emerge until mechanization of road con-
struction, and the motor vehicle, offered
an advance in transport methods as great
as that introduced by the railroads in
the 1830°s.

The nineteenth century

The length of surfaced roads in 1830
totuled about 27,000 miles, consisting
principaily of turnpikes in the vicinity
of the larger settlements. At that time
the country covered only 60 percent of its
present area and the population was
about one-tenth of the present popula-
tion. The roads were built by manmnal
Tabor aided by the ox-drawn plow, the
horse-drawn scoop for moving earth, the
road drag or scraper, the wheelbarrow,
and other agricultural tools,

For the remainder of the century there
was a slow growth in the mileage of road,
as the population increased, Practically

all work was done by loecat authorities
with such small funds as they could find
for the purpose. However, contributions
were made to the science of road build:-’
ing and transport that were to be most
vseful in a later period.

A bituminous pavement was patented
in 1834,

A steam shovel was patented in 1835,

The first cast-iron bridge in the United
States was built in 1839,

L. DuPont offered a new blasting pow-
der in 1856, . .

In 1858 Blake introduced the jaw rock
crusher,

A steam road reller was imported fromn
England in 1869,

Manufacture of portland cement began
in 1871,

A suceessful brick pavement was laid
in Charleston, W. Va., in 1873.

The bicycle, which was to create a
strong demand for smooth roads, ap-
peared in 1877,

The first portland ecement concrete
pavement was laid in  Bellefontaine,
Ohio, in 1893. :

In the same year, Duryea first success-
fully operated an automobile in the
United States, and Henry Ford buiit his
first automobile.

Qur first iron bridge—1839.




At the end of the century, apprexi-
mately 300 years affer first settlement,
the United States could claim little dis-
tinction hecause of the character of its
roads. As in most ofher parts of the
world, the roads were largely plain earth
surfaces that were almost impassable in
wet weather. Neither the IFederal nor
State governments had undertaken to
provide funds on a scale that would per-
mit general road improvement, Those
seeking knowledge of road-building meth-
otls and administration turned to the
countries of Euarope for information.
Past history in this country had produced
some experience in road matters, but very
little actual physical improvement. In
many respects the position of the country
was not as good ag the present gituation
of those countries just beginning the cre-
ation of a road system, since the present
aceumulation of experience in highway
building and fransport was not available,
Persuasion of the public to provide
needed funds had to be based on expected
rather than proven benefits,

Highway Improvemenf Gains
Momentum

By 1900 the country had again reached
a stage in ity development when economic
forces caused a strong demand for high-

ways, The first demand came years ear-
lier when vacant lands could not be found
close to waterways, and was ended by an
era of railroad consgtruction. Now, va-
cant land could not be found close to the
railroad stations. A need was seen to
get the farmer out of the mud—to get him
to the nearest railroad. The population
of cities was growing and more food had
to be grown on farms, transported to the
railroad, and shipped to cilies. City
people complained of the “high cost of
living”--much of it due fo inadequate
transportation,

The demand was for roads extending
2 to 5 miles from the railroad station. A
network of highways interconnecting the
cities, and serving the business and social
life of the Nation, was not seriously pro-
posed, even by the dreamers. Progress
in meeting the need as then seen was to
be at a snail’s pace for many more years.
But the need for transportution would
cause continued progress in mechaniza-

tion of read building, and developinent of-

the motor vehicle, Kventually these
would make possible the world’s most
extensive system of highway transport.

The period of preparation

» The first 20 years of the twentieth
century may be deseribed as a period of
preparation for road building on a large

During the period of rapid extension of rail lines, almost nothing was done o improve highways.
This is a typical scene of about 71850,




F

%

. scale. It was not a completely conscious

preparation. Few, if any, realized the
extent to which the movement would
grow. However, marked advances were
made in the administrative, technieal,
mechanical, and financial fields that were
of immediate benefit and of great impor-
tance in preparing for the large program
of later years,

In 1900, control of highways was still
almost entirely in the hands of cities,
towns, villages, and other subdivisions
of government., Only very limited funds
were made available for highways. Out-
side of cities, work was supervised by
men without special training for-the job.
The profession of highway engineering
was practically unknown,

Of the 150,000 miles of surfaced rural
road in 1900, 72 percent was gravel, 24

-percent was water-bound macadam, with

4 percent of miscellaneous materials,
The steam roller and rock crusher, used
in building macadam, were the only
power tools in general use. Horse-drawn
equipment and hand tools were the im-
plements used in grading and placing sur-
facing. Most of the surfaced roads were
less than 5 miles in length.

Between 1900 and 1920 there were
marked changes in the types of roads
built, in machinery for building theni, and
in governmental  organization for the
work,

Creation of State highway deportments

In this period most of our State high-
way departments were created and grew
in power until each was made fully re-
sponsible for all main highways of a State,
Generally such a department was first es-
tablished to administer State grants-in-
aid to lecal units for road improvement,
with little authority as to location or
character of construction. Next the de-
partment was made responsible for con-
struction with State funds, sometimes
supplemented by local funds and often
subjeet to local influence. Completed
roads were turned over to local units for
maintenance. Experience with local
maintenance of main routes soon led to
raiging the State highway department to

e ST L AT R R A ¢
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full stature by making it responsible for
all operations with State funds.

These developments, and the plan
adopted later by the Federal Government
to aid the States in road improvement,
were influenced greatly by the general

form of government in this country. The-

United Stateg is a union-of 48 States,
each with sovereign powers. The Federal
sovernmnent has only those powers spe-
cifically granted in the econstitution
adopted as a basis for the union and in
later amendments ratified by three-
toarths of the States, These powers in-
clude creation and support of the Army
and Navy, levying of taxes, conducting
relations with foreign countries, regula-
tion of commerce between the States, pro-
vigion of a postal service, and providing
for the general welfare. Hach State
enacts its own civil and criminal laws,
provides schools, employs its own police
to enforce its laws, imposes taxes, and
has its own courts, Ifis believed that the
Federal Government does have the power
to build and maintain national highways
throughout the country, but this question
has never been made an issue in the courts.
When the people wanted better roads
they turned first to their State govern-
ments, Later the Federal policy was
patterned to aid the. State highway or-
ganizations rather than supplant them.

State highwu&l systems

New Jersey initiated State aid to coun-
ties in 1891, and six other States had
taken the step by 1900, The aid was ap-
plied to the most-used routex of travel,
Every State bad some form of State
participation in highways by 1917. By
that time most of the States were con-
templating State improvement of main
routes, and had small but effective high-
way organizations,

One of the first jobs of a new State
highway department was to select or
participate in the selection of a State
highway system ag an objective for fu-
ture accomplishment. The process was
a simple one.. Lines were drawn on a
map conhecting the larger centers of
population. No one knew where the




monéy would come from to build the
routes. Many people regarded the maps
as products of visionary thinking, yet they
were rough outlines of a plan that would
be greatly expanded, and upon which a
large army of men and machines are still
at work.

Problems faced in planning and con-
structing highways were, in some re-
spects, much simpler than are now faced
by engineers in countries beginning the
improvement of highway systems. The
motor vehicle was not the powerful,
speedy, and dependable instrument that
it is today. Compared with present ve-
hicles they were few in number, light in
weight, and slow in speed. Highway
standards were advanced and methods of
construetion improved over a period of
many years as the motor vehicle continu-
ally grew in numbers, Roads now must be
designed for a more gevere and intensive
usage than was regquired in the early part
of the century ; but we now have the ad-
vantage of an experience of trial and
error gained through many years.

Advent of the automohile

The year 1904 marks the end of a
period. For the preceding 100 years or
more there had been no important change
in methods of road construction. Xither
of the major {ypes of surfacing—gravel
and macadam—were known to give en-
tire satisfaction under the horse-drawn
traffic of country roads. Other types of
surface had been developed but, for vari-
ous reasons, had been used on only a
smmall mileage.

About 1904 automobiles began to pour
out from the cities, and the wheels of
vehicles sucked the dust binder from

gravel and macadam roads., Air currents ’

thus produced hlew it away and the sur-
faces began to disintegrate. Engineers
met the challenge by substituting tar and
asphalt for the weaker mineral binders,
first a8 dust palliatives, then as protective
surface coatings, aud finally as internal
binders.

New types of roads

The decade following 1904 was marked
by the development of new types of road,
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a general increase in the radius of travet
occasgioned by the use of the antomobile,
and a strengthening of the demand for
surfaced roads as motor-vehicle owners
grew in numbers.

Although the firet concrete road had
been built -in 1898, there were not more
than 5 miles of that type on rural high-
ways in the entire country in 1808. In
that year approximately 4 miles were
built; in 1910 about 20 miles were added,
the following year 40 miles, and then the
first big increase, in 1912, when 250 miles
of rural highways were paved. By 1924
the mileage of concrete pavement had in-
creased to 31,146 and construction was
proceeding at the rate of more than 6,000
miles a year, a rate approached by no
other type better than gravel.

The more extensive usge of brick and of
bituminous pavements of the mixed type
on conerete base began also at about the
same ftime, and was due to the same
cause, the increased use of motor trucks.
In 1914 there were approximately 1,500
miles of brick pavement; in 1924 there
were 4,319, In 1914 the mileage of rural
highways paved with bituminous concrete
or sheet asphalt was still negligible; in
1924 there were more than 9,700 miles of
these types. They had been developed
previously for city streets, and were used
on rural roads when traflic became suf-
ficient to justify their cost. ’

The mileage of plain gravel road con-
strueted surpassed by far that of all other
types comnbined. It was not until the
early 1920°’s that the surfaces of these
roads were successfully treated with bi-
tuminous materials.

Water-bound macadam was the most
frequent choice in the Eastern States,
where a smooth and durable surface was
desired, until after World War I. Bitu-
minous treatment of macadam surfaces
hecame standard practice between 1915
and 1920. Popularity of plain and sur-
face-treated macadam declined after 1920
as cement concrete and macadam with
internal bituminous binder came into use.

Low standards of design

Throughout the period 1900-1920 stand-
ards for surfaced width, grade, and aline-
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ment were very low in comparison with
present practice. In 1900 the speed,
weight, and size of horse-drawn vehicles
controlled design. As late as 1918 legal
speed limits ranged from 135 to 30 miles
per hour in all but one State, which per-
mitted 40 miles per hour. New surfaces
were generally placed on the old dirt
roads without change in loeation or only
slight revision. Steep grades and sharp
curves were accepted to keep costs down.
They were not inconsistent with the re-
quirements of the slow-moving traflic.
The idea of an essential minimum gight
distance had dawned on no one. - Surfaces
9 to 16 feet in width -were built, Near
the close of the 20-year period advanced
designers were urging 18 feet of width
as necessary for safety, and were meeting
opposition.

Power equipment appears

During the last half of this period,
there were marked advances in machin-
ery for road construction. Power shovels
and horse-drawn dump wagons appeared
on grading jobs. The dump wagon was
an adaptation of the farm wagon, 8o con-
structed that the load could be dumped

by pulling a lever. Mechanical mixers
displaced hand-mixing labor for making
cement conerete. The concrete pavement
finisher was being developed as the pe-
riod - ended. Bituminous distributors
made hand-pouring methods obsolete,
Portable plants for preparing bitumi-
nous mixtures were placed on the mar-
ket. "These were important contributions.
but utilization of the internal-combus-

.tion engine as power on road-building

eguipment was to produce more- revolu-
tionary changes in construction methods.

The Federal-aid Pélicy

Two factors of outstanding importance
in causing the great increase in road
building after 1920 had their origin in
1916 and 1919, They were (1) Federal
aid to the States for highways; and (2)
taxation of motor vehicles for highway
PUrposes,

Origins
Fedéral participation in road Inattvers
on a econtinuing basis began with the es-

tablishment of the Office of Road Tuquiry
in 1883. This organization later became

Building a concrete road in T915. The fraveling mixer was an innovafion and hand methods
: - were used in spreading end finishing.
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the Bureau of Public Roads of the De-
partment of Agriculture, and is now the
Public Roads Administration of the Fed-
eral Works Agency. Initially it was di-
rected to investigate methods of road con-
struction and disseminate the knowledg
gained. Opcerations were on a small scale.
There were no funds for actual construe-
{ion of roads. TUntil 1201 the total ex-
penditure in any year did not rise above
$10,000. In educational work seeds were
planted that soon began to sprout in al-
most every State east of the Mississippl
River. ’

Object lesson roads

After 1800, important phases of the
work were laboratory studies of road ma-
terials and the construction of “object

A concrete road completed in 1929, The

narrow width was considered adequate for
the traffic of thot fime. ’

lesson roads.” Thesce were short demon-

stration projecté bu\il,p‘ with local funds

under the supervision of a Federal en-
gineer. 'The small research laboratory
deve]oped tests for aggregates and other
‘materials and made impoTtant contribu-
-'{;Lims toward overcoming serié‘usi defects
in early bituminous construction. < -

improvement of mail routes

In 1912 the Federal Government took
the first step toward active participation
in general road construction, As a tenta-
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tive adoption of the Federal-aid device it
authorized $500,000 to pay onec-third of
the cost of improving roads over which
the mails were carried. At the same fime
1 congressional committee was ap-
pointed “to make inguiry into the subject
of IPederal aid in the construction of post
roads and report at the earlicst practica-
ble date.” One of the steps taken was to
make a somewhat detailed study of laws
and road-building methods in the coun-
tries of THurope.

Only 17 States elected to raise the
funds necessary to matclh the offered Fed-
eral funds—a reflection both of the ab-
sence of available funds and of officials
to advance State interests. In the 17
States $1,800,000 was expended in build-
ing 425 miles of road, and the experiment
taught many lessons that were later to
be heeded in much larger undertakings.
Experience was gained in building roads
on different soils and with different ma-
terials. Diefects that developed were
studied and the causes determined.

Federal-aid policy established

The success of this small program dem-
onstrated that a practicable procedure
tor road-building cooperation between
the States and the Federal Government
could be developed. In 1915 the congres-
sional committee reported that good
roads would promote the general welfare
and strongly recommended Federal aid,
but it did not recommend a definite plan.

One group in Congress favored a- co-
operative KFederal-State relationship in
the expenditure of the IFederal funds.
Another, of considerable strength, wished
to parcel out the money to the 3,000
counties of the country to spend as they
gaw fit. ~Fortunately, the views of the
former group prevailed in the bill which,
as the Federal-ald Road Act, became a
law in 1916.

The general policy of aid to the States
initiated by this act has been continued
up to the present time. Large sums of
TFederal money have been provided for
highways, but the benefits of the get have

. extended far beyond The actual physical

facilities provided, It has been  the
means of bringing together the highway
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officials of the country and coordinating
their efforts toward a common objective.

The Federai-aid Road Act

The Federal-aid Road Aect of 1916 pro-
vided for the improvement of any rural
road over which the mails were carried,
and definitely prohibited improvements
in towns of more than 2,500 population,
Tt appropriated a total of $75 million to
be spent in a b-year period, and permilted
Federal participation in payment for the
roads constructed up to 50 percent of the
total cost but not exceeding $10,000 a
mile, the remainder to be paid from funds
under the control of the States. Subse-
quently, the limit on Federal participa-
tion per mile was inereased and eventu-
ally it was removed. It was required
that the funds be applied to post roads o
facilitate delivery of mail by Federal em-
ployees. . Since the mailg were carried
over nearly all roads of any importance
this provigion was not particularly re-
strictive in effect., Participation in city
improvements was prohibited and the
limit on Federal participationin cost was
placed in order to improve as many miles
of rural roads as possible,

The act prescribed a formula for dis-
tributing funds among the States—a for-
mula employing as apportioning ratios,
each with identical weight, the percentage
relations of the area, population, and post-
road mileage of each State to the total
area, population, and post-road mileage
of the United States. Another important
provision was that which made the aid
available only to States with 4 State high-
way department adequately constituted
to cooperate with the Federal agency and
to assume responsibility for the construc-
tion to be undertaken. Administration of
the act was placed under the Secretary of
Agriculture, who acted through the organ-
ization that is now the Public Roads Ad-
ministration. .

Of the first apportionment of $5 mil-
lion, MTexas, the biggest State, with a
large mileage of roads, received the great-
est amount—$297,928, New York, with a
large population and considerable area,
received the next largest amount—$250,-
720. Nevada, a Western State of large
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area but small population, received $64,-
398. Delaware, limited as to all three
factors, received only $8,184.

When the act was passed, only 33
States had highway departments meeiing
ity minimum requirements and there was
a general need for strengthening the pow-
ers and staffs of the departments to dis-
charge responsibilities they would be
called upon to assume. In those States
without highway departments the neces-
sity of compliance with the Federal act
caused immediate creation of State agen-
cies after the model of those which in
other States had already proved their ca-
pacity for satisfactory performance.

States have initiative

This original charter of Federal-aid op-
eration in 1916 clearly established certain

ik 4 idieaa %

A penefration macadam road in North Carolina

built in 1915, Standards for width, grade,

and alinement were low in comparison with
those now in use.

conditions vital to the success of the new
inter-governmental undertaking. In ac-
cordance with democratic concepts of
division of authority between the Federal
Government and the States, legislation
preserved to the States the initiative in
determining what roads were to be built,
and the character of their improvement.
It gave Federal officers authority to ap-
prove ¢r reject the State’s proposals, It
placed the immediate supervision of con-
struction work in the hands of the State
highway departments, but made certain
that the Federal funds appropriated
would be spent for sound workmanship.
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This it did by subjecting the resuits of
the work to the final approval of the
Federal authority and by directing the
withholding of the Federal share of the
cost until an approved result had been ob-
tained, requiring the States in the first
instance to pay for the work done under
their supervision, Finally, it imposed
upon the States or their subdivisions the
duty of maintenance,

Sources of funds developed

State funds to match Federal aid were
necessary before a State ceuld avail it-
self of the benefits of the legislation.
When the act was passed, highway funds
were small in amount and came almost
entirely from taxation of property or
from bond issues supported by property
taxes. Motor-vehicle registration fees,
initially imposed to defray registration
costs, were growing substantially, High-
way usage by motor vehicles was ap-
proaching, but had not reached an in-
tensity that justified assessing them with
alarge part of highway costs. It became
necessary for the States to obtain an ad-
ditional source of continuing highway
revenue. Resistance to increases in prop-
erty taxes precluded them as a satis-
factory source,

Temporarily the problem remained un-
solved, hut in 1919 four States imposed
a tax on gasoline, By 1929 every State
collected such a tax. Concurrently, regis-
tration fees for motor vehicles were ad-
Jjusted to produce greater revenue for
highways.

Soon after enactment of the Federal-
aid legislation in 1916, the United States
entered World War 1. Highway im-
p‘mvement became inactive, and remained
so through the readjustment period of
1919. However, the essential machinery
for a large bighway-improvement pro-
gram had been created. It was not
smooth-running machinery — numerous
fanlts would have to be corrected—but
it was machinery sound in basic prin-
ciples.

Demand for highways

In the early 1920’s highway construc-
tion increased rapidly to a large volume,
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In 1919 an additional appropriation had
substantially enlarged the seale of
Federal participation. Motor vehicles
increased at an amazing rate, producing
more revenues for highways., As new
highways were builf still ‘more people
felt the need for a motor vehicle, and so
the upward trend of motor vehicles, funds
for highways, and construction of sur-
faced roads continued.

The Federal Highway Act

As enlarged highway programs were
being planned by the States, two outstand-
ing defects of omission in the Federal-aid
legislation became econspicuous. The
law permitted the combined Federal and

© State funds to be expended for the im-

provement of almost any rural read, and
the pieces of road proposed for improve-
ment in some of the States were so scat-
tered as to defy any reasonable expecta-
tion of connected improvement. Too,
gome States, providing no funds of their
own for maintenance, were dependent
upon the uncertain action of county gov-
ernments for preservation of the roads
built.

Both of these defects were corrected
by the Federal Highway Act of 1921, It
wag this act that established the Federal-
aid highway system by requiring the
State highway departments, with the ap-
proval of Federal authorities, to desig-
nate a system of the principal interstate
and intercounty roads, limited in extent
to 7 percent of the total mileage of rural
roads then existing, and restricting to this
designated system the expenditure of all
Federal-aid appropriations. The legis-
lation also strengthened Federal policy
as to maintenance of highways eompleted
with Federal aid. It placed full respon-
sibility upon the State und provided that

~after appropriate notice, needed mainte-

nance might be done under direct Fed-
eral supervision and the cost paid with
Federal funds available to the State,

Influence of Federal aid

The Federal Highway Act appropriated
funds only for the fiscal year 1922, an ad-
dition of $75 million to the amounts pre-
viously appropriated; but its basic pro-
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vigions were destined almost without
change to govern the expenditure of
$1,190 moillion later authorized for ap-
propriation and expenditure in the next 12
years. Federal funds authorized for the
vears 1921 through 1982, including special
funds to provide employment through
highway construction, averaged close to
$100 million per year, Increasing motor-
vehicle revenues and miscellaneous in-
come, when added to the Federal funds,
permitted the State highway departients
to increase construction expenditures
from $299 million in 1921 to $731 million
in 1931. The average annual expendi-
tore by State highway departments for
the 12-year period was $457 million.
The years from 1921 to 1933 were the
most productive in highway construction
of all the years of our history. In these
years a substautial initial improvement
was effected on nearly the whole of the
designated Federal-aid system. To the

achievement of thig result the money ap-

propriated by the Federal Government
had contributed in relatively small part;

* but the sound principles of highway ad-

ministration established by, and in pursu-
ance of the Federal Highway Act of 1921
had been outstandingly conducive.
Motor-vehicle 'license revenues and
gasoline taxes -collected by the States,
each year in greater sums, were expend-
ed almost exclusively on the Federal-aid
and State systems, They were expended
on the Federal-aid system as often with-
out as with matching Federal funds. The

‘modest Federal appropriations made a

small part of the total of funds expended
on the system; but the principles and
standards developed on the Federal-aid
projects were applied in the whole ex-
penditure.

In 1932 provision was made for in-
creaging the extent of the Federal-aid
system when a State had made provision
for completion and maintenance of 90
percent of the original system.

During the depression years of the
1930’s emergency Federal funds not re-
quired to pbe matched by the States were
appropriated to provide employment, and
at the same time create useful improve-
ments. At this time the Federal policy

was broadened to permit the use of Fed-
eral funds in improvement of extensions
of the Federal-aid system into and
through municipalities, and for construce-
tion of secondary or farm-to-market
roads. This policy was continued in sub-
sequent Federal legislation.

Recrienting the Highway Program

During the 1930’s one State after an-
other approached the end of what is now
regarded as the pioneer period of road
construction. After World War I they
had established the objective of con-
structing a system of two-lane roads con-
necting the centers of population. This
job was nearly done. But our highway
system was far from adequate. Need
for highway improvement on a scale
larger and broader than in any preceding
period became evident.

Causes of the problem

Most of the States had applied a policy
of stage construction; that is, an effort
was made to construct permanent graded
highways and to save money by con-
structing low-type surfaces which might

“later be converted to higher types without

great loss of expenditures already made,
This procedure, though sound in princi-
ple, was not completely successful, either
because the road builders of that day
were unable to visualize the enormous ad-
vances in traffic volumes, and in the
weight and speed of vehicles, or because,
visualizing these things, they were un-
able to provide for them without too
greatly curtailing the mileage  which
could  be constructed with available
funds. .

Hach year after 1930 the maintenance
of low-type surfaces consumed a larger
part of available funds, and programs for
replacement of these surfaces with high-
er types had to be undertaken as meas-
ures of economy,

Muin route problems

Highway users, as they became ac-
quainted with roads built to new stand-
ards for width, grade, and sight distance,
complained vociferously about the older,
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low-standard roads, The mounting toll
of accidents on the more hazardous early
construction added foree to the com-
plaints. Many miles of main rural high-
ways now carried a traffic that justified
four trafic lanes. On main routes near
cities, businesses and developments of
various kinds fronting immediately on
the highway gave them the aspect of busi-
ness streets rather than through routes
tfor unobstructed travel. Praetically
every city had serious congestion prob-
‘lems that could be solved only by major
highway improvements. The improved
rural highways brought a great volume
of traffic to each city entrance where it
nust pass over slreets designed for the
traffic of an earlier day. Urban resi-
dents demanded that a greater share of
motor-vehicle revenues be applied to solu-
tion of their problems.

Secondary road needs

At the same time farmers throughout
the country made strong claims for jm-
provement of the secondary or farm-to-
market roads which they had to travel
to reach the main highway or the near-
est. population center. A motor vehicle

was now found on abmost every farm,
Better rural education was provided by
consolidation of schoolg to which c¢hil-
dren were brought by bus. The auto-
mobile brought {o the farmer a broader
social life, but he needed good road sur-
faces to enjoy the full advuntages.

Comprehensive studies undertaken

In spite of the great length of high-
ways already completed, highway prob-
lems were not nearing a solution—on
the contrary, they became more compli-
cated. .

In this situation the Burean of Public
Roads saw a need for comprehensive
studies to determiine the condition of all
rural highways, the character and extent
of their use, the source of funds for dif-
ferent classes of highways, and how the
bhurden wus distributed among classes of
highway users and other groups. This
information was needed as a basis for
the establishment of a definite, econom-
ically and socially defensible, integrated
highway improvement program in all
States.

- Use of 1% percent of the annual Fed-
eral-aid funds by the States in making

This four-lone divided highway is typical of the kind of improvement needed on u lurge mileage

of main highway corrying heavy hraffic,
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highway planning surveys and other engi-
neering and economic investigations was
authorized by Congress in 1934, and the
Bureau of Public Roeads undertook to
asgigt the States in organizing the sur-
wveys and coordinating the work so that
the data could be used for analysis on a
national basis.

The first of the planning surveys was
initiated in 19385, and by the beginning
of the war every State was engaged in
such work. 'The data collected have been
of the greatest importance to the States
in informing the public ag to road needs,
and in supporting needed highway legis-
lation. Nationally the surveys have fur-
nished basic material for two important
reports.

Facts ond recommendafions

The first of these—1T'0ll Roads and Free
Roads—was prepared by the Public
Roads Adminigtration in 1989. The sec-
ond report — Interregional Highways —
was submitted to the Presgident and to
Congress in 1944 by a committee ap-
pointed by the Presgident to make a spe-
cial study of highway needs.

These reports discussed the gerious de-
ficiencies that existed in highways of var-
ious classes, and indicated the relative
urgency and character of improvements
needed. Conclusions reached were sup-
ported by factual data from the planning
surveys and special studies by State bhigh-
way departments,

Relief from traffic congestion on main
routes approaching and through eities
was found to be the problem of greatest
urgency. Next in importance was the
improvement to high standards of the
most important routes interconnecting
the various regions and principal centers
of population. As another step toward
providing general highway service, mod-
ernization of the Federal-aid system was
recommended. Needs of the agricultural
population required the selection and im-
provement of a system of secondary or
farm-to-market roads, carefully selected
to give the greatest service to the rural
population, and coordinated with the net-
work of main highways,

The recommendations met with general
public aceeptance, and early legislative
action was in prospect when this country
was drawn into the Second World Wuar.

Normal highway improvement ceased
immediately. Many highway builders
enlisted in engineering branches of the
armed forces while others began the con-
struction of a large mileage of access
roads to training areas and war estab-
lishments of various kinds.

World War Il

It is not appropriate to pass over the
war period without some mention of the
great use made of highways in channel-
ing our resources to war produaction,
The country was soon dotted with war
plants, training areas, and munition cen-
ters. Heavy traffic flowed to embarka-
tion ports on both coasts. Main high-
ways were crowded with war - traffic,
Trucks carried raw materials, parts for
war machines, and interchanged partly
finished machines between plants. High-
ways and trucks became an integral paxt
of the war production line. They wére
also esgsential in housing and feeding a
great army of civilian workers in war
plants and in their daily tripg to and
from their jobs. A superior gystem of
highway transport gave the United States
a great advantage over enemy nations.

But the war left its imprint on our
highways. Many miles of the oldest high-
ways, already worn and obsolete and
scheduled for replacement, were kept in
gervice. A gituation already bad was ac-
centuated by the wear and tear of con-
tinuoug sireams of war traffic. The mile-
age of road no longer adeguate for the
traffic carried and difficult to maintain in
service grew in size throughout the war.

The Posiwar Highway Program

In 1944, as the prospect of victory
grew stronger and stronger, the Federal
Government enacted legislation authoriz-
ing a postwar highway improvement pro-
gram on a broad scale, and designed to
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meet the needs developed in the prewar
studies. The recommendations made in
the earlier reports—Toll Roads and Free
Roads and Interrcgional Highways—
were put into effect in the new program.

The FKederal-aid Highway Act of 1944
authorized $500 million for each of the
first three postwar years, (o be expended
according to the long-estabiished Federal-
aid plan. Since funds were to be matched
by the States, a 3-year program of $3 bil-
lion was made possible.  The annual
authorization was assigned as follows:
$225 million for the Federal-aid highway
system, $150 million for secondary or
feeder roads, and $125 million for the
Federal-aid system in urban areas.

The legislation required the designation
of two new highway systems., One—the
National System of Interstate High-
ways—was limited by law to 40,000 miles,
which, in large part, have now been desig-
nated. This system connects the principal
metreopolitan areas, cities, and industrial
areas and has an important relation to the
national defense. It recaches 42 State cap-
ital eities and will serve 182 of the 199
cities in the country having a population
of 50,000 or more persons,

The other new system comnsists of the
principal secondary and feeder roads, in-
cluding farm-to-market roads, rural free-
_delivery mail routes, and public school
bus routes. -

Beginning of the postwar highway
program was authorized late in 1945, but
high prices and shortages of equipment
and materials retarded progress through-
out 1946, Considerable momentum was
gained in 1947 and a volume of work that
taxed the facilities and resources of our
contracting organizations was carried on
in 1948 and is being continued in 1949,

Legislation continuing the Federal-aid
program was enacted in 1948, and there is
every prospect of large highway construe-
tion programs for a number of years to
come,

The broad general plan of highwuy im-
provement by State highway departments
and of assistance by the Federal Govern-
ment, developed in the period 1916-21, is
being continued. Both State and Federal
programs have been considerably broad-
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ened as use of highway transport hag in-
creased, but the basic concepts of the
original plan are still in effect. In 1939,
as a result of a reorganization of certain
branches of the Federal Government, the
Bureau of Public Roads of the Depart-
ment of Agriculture bhecame the Public
Roads Administration of the Federal
Works Agency. Its functions in admin-
istering Federal aid and in doing other
work were not changed in any way.

Emphasis has been placed on the im-
portance of mechanization of construc-
tion methods in launching large-scale road
building in the early 1920’s. Since that
time there has been continuous progress
in improving the size, efficiency, and
durability of road-building machines.
Competition in a large market for ma-
chines has led manufacturers to spend
large amounts for experimentation and
development.,

Adaptation of the Diesel engine has
greatly improved grading machinery,
rollers, and power shovels. The truck
has become an essential implement on
practically every type of construction,
Carry-alls now move scveral timesg the
earth load that could be handled by the
largest grading equipment of 1920.
Crawler tractors, particularly those of
the bulldozer type, are used for a wide
variety of purposes. Mixing and finish-
ing machines for both concrete and
bituminous mixtures have been greatly
improved, and their range of use ex-
tended. Numerous special-purpose ma-
chines are available.

Highway Systems and Their Presenf
Condition

For each square mile of area in the
United States there are, on the average,
48 persons; and there is 1 mile of road;
one-half of which has a surface of some
kind. But conditions vary between wide
extremes, Elimination of the arid,
semiarid, and mountainous - regions
would increase the mileage and popula-
tion figures greatly. New York, a large
industrial State, huas 295 persons per
square mile, and 1.7 miles of road of




which 1.4 have been surfaced. Alabama,
a southern agricultural State, has 55 per-
sons per square mile, and 1.2 miles of
roadl of which 0.8 mile has been sur-
faced. Nevada, in a semiarid and moun-
tainous region, has only 1.3 persons per
sguare mile, and slightly over 0.2 mile
of road of which 0.04 mile is surfaced.

Nearly the entire population of the
country lives within a few miles of a
surfaced road.

The general pattern

The classification of the highways of
the United States into systems presents
a somewhat confusing picture. There
is variation in State practice as to ad-
ministrative control over highways,
Systems of the most used highways have
been superimposed on other more exten-
sive systems, and form an integral part
of them: Some highways are a part of
four systems. Classification of the total
mileage according to administrative con-
trol over improvement produces g result
quite different from a clasgification ac-
cording te charaeter of highway and the
traffic using it. :

Of the 3,009,000 miles of rural highway,
342,000 are primary State highways
under the control of the State highway
departments. These are the important
roads of the country, the main channels
of highway traffic. Each of the other
systems of particularly important main
highways to be mentioned later is in-
cluded in the State systems of primary

‘highways.

The remaining 2,667,000 miles of rural
roads are gecondary or feeder roads that
range in importance from roads carrying
a considerable volue of traffic to towns,
villages, and main highways, to very
minor roads serving only one or two
families. Improvement of these roads
is mainly supervised by county, town-
ship, and other local officials but certain
States have placed. all or a portion of
the secondary roads under the State
highway department. Secondary roads
in this category total 119,000 miles or
41% percent of all secondary roads.

The highways and streets of cities
total about 317,000 miles and are largely

-ways are under State highway depart-

under control of city oﬁicials_. However,
about 30,000 miles of city arieries that
are extensions of primary State high-

ment control.

Federal-aid systems

The primary Federal-aid highway
system, designated as a result of the
Federal Highway Act of 1921, now con-
sists of 232,000 miles of the more im-
portant primary State highways and in-
cludes both rural and wurban sections,
These highways have been and continue
to be improved by the States and ¥ederal
Government cooperatively, but a large
amount of work is done by the States
without Federal assistance, This sys-
tem is now initially improved through-
out almost iis entire extent, but there
is a general need of modernization and
further improvement,

The most important Federal-aid high-
ways—those carrying the heaviest traf-
fic and serving the long-distance traffic
movement—have been selected for inclu-
gion in the National System of Interstate
Highways. This system, as thus far
designated, includes 387,800 miles and
is to be increased to 40,000 miles by addi-
tion of sections in urban areas. It will
be improved to the highest modern stand-
ards with regular Federal-aid and State
funds. Cities participate in improving
urban sections. Inclusion of a route as
part of the interstate system centers at-
tention upon it as a main artery and as-
sures high standards in improvement,
but it does not make available any funds
cther than those provided for the pri-
mary Federal-aid system.

us ﬁlurked routes

Important main routes of the country
are marked with ghield-shaped route
markery bearing the initials U 8 and a
route number, such as U 8 1 or U § 40.
Roads so markeQ are parts of the United
States Highway System. The most imi-
portant of them make up the interstate
system. Almost invariably sueh high-
ways are part of the Federal-aid and State
systems, but the designation as a U S
route is without legal or administrative
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significance. These roules have been
designated and numbered by joint action
of the State highway departments, acting
through the American Association of State
Highway Officials, for the convenience of
map makers, information services, and
highway travelers,

Secondary systems

The great mileage of gecondary or
farm-to-market roads is not separated
Jinto as many overlapping systems as are
the primary roads, but there is one spe-
cial system within this group. Under
the -provisions of the Federal-aid High-
way Act of 1944, the more important
secondary roads—those most used for
moving farm products to market, chil-
dren to sehool, and for social activity—
were selected to comprise a system eligi-
ble for improvement with Federal funds
provided specifically for the purpose,
Federal-aid secondary systems have been
selected by State and appropriate local
officials and approved by the Publie
Roads Administration. The system now
includes 378,000 miles. A small mileage
of State highways not included in the
primary Federal-aid system is included
in this system.

The condition of improvement of the
two largest clagses of rural roads is
shown in table 1. "The Higher types of
improvement are concentrated to a great
extent upon the systems of most used
roads that have been described.

The Federal-aid primary and Federal-
aid secondary systems, which now include
610,000 miles, may be expected to expand
to as much as 750,000 miles in the next
10 years. They will then embrace one-
quarter of the total rural-road mileage,
but that one-quarter will serve almost 90
percent of the total rural highway travel,

Use of Highways

Use of highways is closely interwoven

* with the economic and social life in the

United States. There are 40,700,000
motor vehicles or 1 for every 3.6 persons
(in 1948). The average car owner trav-
eled 9,727 miles in 1947. He used hig car
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to travel to and from work, Lo the store, on
business {rips, for a Sunday afternoon
drive, and many owners took a summer
vacation trip of some hundreds of miles.
The average commercial bus traveled
40,000 miles in that year, and the average
truck traveled 9,939 miles. However,
many trucks in commercial operation
travel 20,000 to 30,000 miles per year.

Table 1.—Existing rural-road mileage in the
Uniied States at the end of 1946

Pri-
By | Allother| Total

Surface type high- rural rural
ways roads roads
(ruaral)

Miles Miles Mdiles

Nonsurfacod.... ... 24,116 |1, 481,006 | 1; 505, 212
Low-type surfaces: |
Soil surfaced________ 2, hdh 82,419 84, 964
Gravel or stone_____ 48, 568 | 870, 482 919, 050
Low-type bitumi-
mous oo .. 132,760 | 172,723 305, 483
Subtotal..._.__. 183,873 |1,125,624 | 1,308,497

High-type surfaces:
High-type bitumi-

nous 2. .. _ .. 51, 477 43, 795 95, 272
Portland cement
conerete________ .. 79, 265 14, 642 93, 907
Brick and other
block pavements | 1,218 1,263 2, 481
Dusltyped_____.___ 2,122 567 ) 2, 689
Subtotal._.___._ 134, 082 60, 267 194, 349
Unelassified. ... ... 87 87

Crand total....[342,071 (2,667,074 | 3,000, 145

1 Includes bituminous surface-treated and mixed
bituminous surfaces. X

? Includes bituminous penetration, bitnminous con-
crete, and sheet-asphalt surfaces.

3 A dunal-type road is defined as a road the wearing
surface of which consists of 2 individual types, each of
which has an aggregate width of at least 8 feet.

Truck fransport

With the growth of highway trans-
portation there has been a trend toward
the abandonment of branch railroad lines,
and there are many communities that are
now cntirely dependent upon highways
for exchange of products with the out-
side world,

There are approximately 6,000,000
farmers producing food and eclothing for
the Nation, and for export to other
nations. Al of their products start the
journey to the consumer by highway, and
many of them move from the producer to
the processor and then to the consumer
entirely by highway.
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Forty-two percent of theé fresh fruits
and vegetables of 13 large cities, or the
-equivalent of 254,500 carloads a year, is
delivered by truck.

In 1940, 17 large stockyards received
by truck 77 million head or 59 percent
of the total receipts.

Seventy percent of lumber moves to
its destination partly or wholly by high-
way.

Between 1936 and 1940 an average of
29 million tons of bituminous coal was
shipped annually by highway.

Seventy-nine metropolitan areas with
a combined population of 25 million peo-
ple receive their entire milk supply by
highway.

During the war one industrial organi-
zation had four plants located in three
cities. Forgings were made in plant A,
heat treated in plant B, machined in plant
C, and .assembled .in plant D. Trucks
hauled the material 100, 100, and 15 miles
successively for these processes.

One Florida producing area ships 56
different fruits and vegetables by truck
to 26 different Stutes,

The transport of freight over rural
highways in 1947 is estimated at 86 bil-
lion ton-miles.

Recreational travel

Tourist and recreational travel on
highways is of considerable importance
in many sections of the country. As an
example, 1,725,000 tourists visited the
State of Washington in 1947 and spent
there $96,500,000. Approximately 85 per-
cent entered the State in 462,000 auto-

-mobiles and drove 460,500,000 miles

within the State. The gasoline-tax reve-
nue from this source alone amounted to
$1,585,000.

People of the United States visit Can-
ada and Mexico in large numbers, They
will undoubtedly extend their {rips to
other countries as new highways make
travel possible,




HIGHWAY ADMINISTRATION

The Public’ Roads Administration of
the Federal Works Agency represents the
Federal Government in maftters relating
to highways, Its principal function is
the administration of Federal aid to the
States. A general outline of Federal-aid
policies has already been given in the
chronological discussion of highway de-
velopment. = Actual working procedures
will now be described. '

Federal Administration

Headed by the Commissioncr of Publie
Roads, the headquarters of the Public
Roads Administration is at Washington,
D, C. The headquarters staff includes
five departments: Design, Construction,
Finance and Business Management, Re-
search, and Legal. Each of the first four
is headed by a Deputy Commissioner, and
the latter is headed by the Solicitor.

Headsguarters functions

The Department of Dosign determines
policics in design applied in reviewing
and approving plans for Federal-aid high-
ways and bridges. It supervises activi-
ties of the field organization in dealing
with the States as to the constitution of
Federal-aid systems, preparation of pro-
gramsg for  construction, preparation of
plang and specifications, and other steps
necessary prior to the award of a con-
tract and beginning construction. De-
tailed review of plans for projects is made
in the field offices but the headguarters
office is frequently consulted in planning
expressways, large bridges, and other
‘work of particular difficulty.

The Department of Construction and
Maintenance takes over supervision of
a project when it reaches the construction
stage, It is respounsible for proper per-

formance and progress on all projects
undertaken; for the advancement and
application of improved methods of con-
struction and maintenance; and for eor-
relation of field practice with research
developments,

The Department of Finance and Busi-
ness Management is responsible for all
{inancial and business activity necessary
in connection with the obligation and
payment of funds for all work under-
taken by the organization. It handles
matters pertaining to budgets, personnel
records, equipment purchases, property
control, and miscellaneous services.

The Department of Research plans and
conduets regearch relating to all phases of
highways and their use, including design,
construction, transport, administration,
and finance. Results are made available
in the form of technical data, research
reports, and statistical tabulations.

The Legal Department is respongible
for all legal activities necessary in earry-
ing on the work of the organization. It
is in charge of legal aspects of organiza-
tional matters pertaining to acquisition
of right-of-way, patents, lease agree-
ments, and investigations.

Field offices _

Direct contact with State highway de-
partments is maintained through division
and district engineers who are in charge
of the field organizations. There are ten
divisions, each of which includes several
States. In each State there is a district
engineer who represents the Commis-
sioner direectly in all eooperative work
with.the State. Organization charts for
the headquarters organization and for a
typical field  division are included as
figures 1 and 2.
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FIGURE 2. - DIVISION ORGANIZATION CHART
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Figure 2 shows that the organizations
of division and district offices parallel
each other closely and the grouping of
activities is not greatly different from
that in the headquarters office in Wash-
ington.

The Programing and Planning Sec-
tions handle the planning and modifica-
tion of highway systems and preparafion
of construction programs, and make
studies in the general ficld of highway
planning. A large part of the work is in
connection with State highway planning
surveys described later on in this bulletin.
This group collects and assembles general
highway and traffic statistics. The work
relates to that of the Department of Re-
search and the Department of Design of
the headquarters office.

The Design Sections deal with the
States in the various steps (outlined be-
low) from the time a programmed proj-
ect is advanced for immediate improve-
ment until it is ready for construction,

The work of the Construction and
Maintenance Sections and of the Admin-
istrative Management Sections parallels
that of similar groups in the headquarters
office.

Federal-aid procedure

Authorizations of Federal-aid funds
are made for 2- or 3-year periods well in
advance of.the {iscal years for which
they are intended. Iunds for each year
are apportioned to the States by Federal
authorities according to the legally pre-
geribed mathematical formulas, This is
done about 6 months in advance of the
beginning of each fiscal year, which
starts on July 1.

The States are then required to submit
to the Public Roads Administration pro-
grams of projects to be undertaken with
the funds. The purpose in requiring pro-

gram submissions is to enable the Fed--

eral agency to join with the States in de-
termination of the gencral character of
immediate undertakings needed for an
orderly improvement of the highway sys-
tems, giving priority to requirements of
greater urgency. Results of planning
studies are important guides in reviewing

gram, the State submits a more detailed
description of each section of road to be
improved, and the character of improve-
ment proposed. TUpon approval of a par-
ticular project proposal, a contractual
agreement for improvement is entered
into by the State and Federal Govern-
ment,

Subsequently the State highway de-
partment preparcs plans and specifica-
tions, receives bids for work to be doue,
awards a construction contract, super-
viges construction, and pays the contrac-
tor for work done. Iach step is reviewed
by, and is subject to the approval of the
Public Roads Administration. The Fed-
eral share of the eost is reimbursed to
the Stute only as portions of the work are
satisfactorily completed.

Programs of work are reviewed in the
headquarters. office of Public Roads,
which keeps in constant touch with field
progress, but the district engineer in each
State is authorized to approve each step
following approval of a program,

HNational park and forest roads

In addition to supcrvision. of Federal-
aid highway improvement, Public Roads
cooperates with the Federal Department
of Agriculture in constructing principal
roads in the national forests; with the
National Park Service in congtruction of
parkways and main roads in and leading
to national parks; with other agencies
in constructing roads through other Fed-
eral areas;. and; cooperates with other
agencies and governments in building
highways In Central America, Panama,
the DI’hilippines, and furkey.

Research

As a guide to. its own engineers and to
those of the States in conducting large
highway programs, the Public Roads Ad-
ministration conduects extensive research.
on highway materials, methods of con-
struetion, highway finance, and trans-
port, and other branches of highway eco-
nomics. The information obtained has
an important use in formulating recom-
mendations as to national highway

programy; Following approval of a pro=— policy,
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$tate Administration

The public highways of the country
are under the full control of the 48 State
governments, in their construction, main-
tenance, and regulation of use. Admin-
jstrative authority is delegated partly to
the 8tate highway departments and
partly to subdivisions of the State. Fed-
eral aid is an importunt source of con-
struction funds, but its wse is at the op-
tion of the State. The Federal Govern-
ment does regulate cerlain phases of
cominercial operation of vehicles in inter-
state commerce, but it exercises no pow-
ers over the general use of highways.

Growth of responsibilities

It has already been pointed out that
the State of New Jerscy began the trend
toward creation of modern State highway
departments by passage of a State-aid
law in 1891. By 1917 ali States had the
State highway organizations that were
necessary to receive Federal aid. The
growing tendency toward State partici-
pation in highway administration and the
establishment of State highway admin-
istrative organizations was greatly
strengthened by the passage of the Fed-
eral-aid Road Act. At the time of its
approval, in 1916, only 33 States had
highway departments that met the mini-
mum requirements prescribed thercin to
make the State eligible for Federal aid.
By 1917 the remaining 15 States had or-
ganized departments complying with the
terms of the law.

State - highway organizations have
changed considerably since their incep-
tion. AS the task of administering high-
ways bhas become more complex, with the
increase of highway construction and
maintenance and the increage in funds
expended, -the highway organizations
have expanded aud become, in most cases,
correspondingly complex. Mileages un-
der the control of State highway depart-
ments vary in individual States from
less than 1,000 to more than 60,000 miles ;
annuval expenditures thereon vary from
approximately $3.5 million to $80 mil-
lion; and the number of highway de-
partment employees varies from less than

200 to more than 16,000. HEven today
there is no established pattern and there
ig still great variation among the several
States, as indicated by the organization
charts for California, Michigan, and
Montana included as figures 3, 4, and 5,
These represent the State organizations
as constituted in 1948,

Forms of organization

Congidering only the administrative
and executive bodies—or what may be
called the upper administrative level of
the departments—the extent of variation
is apparent. Michigan has had a single
commissioner as administrative head
since the creation of the department in
1903. Connecticut, too, hag had a single
commisgioner since shortly after the de-
partment was organized in 1895. On the
other hand, California has had no less
than nine changes in the form or struc-
ture of the administrative body since
1895, Similarly, Oklahoma has had seven
such changes,

Highway administrative organizations
have developed at a different pace and in
divergent directions in the various
States. As might be expected, presently
existing State highway bodies show con-
siderable differences. Single executives,
with no boards or commissions of any
kind, head the highwa¥y organizations in
15 States. In five other Stutes the depart-
ments are headed by single executives
with a commission acting in a purely ad-
visory ecapacity. An additional four

" States divide authorily between a single

executive and a cominigssion, each acting
in a coordinate capacity to the other,

In the remaining 24 States, the high-
way departments are under the direction
of commissions. In 10 of these they
exercise full adminigtrative eontrol, but
in the other 14 States the commisgions
are policy-determining bodies only, with
adminigtration of the department in the
hands of an executive officer. In seven
of these States the commissions are lim-
ited to policy matters by law, and in the
other seven States, while given full au-
thority by law, they are part-time bodies
and consequently their administrative
authority is limited. oo
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FIGURE 3, ~ ORGANIZATION CHART OF THE CALIFORNIA DIVISION OF HIGHWAYS
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* FIGURE 4. = ORGANIZATION CHART OF THE MICHIGAN STATE HIGHWAY DEPARTMENT
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FIGURE 5, - ORGANIZATION GCHART OF THE MONTANA HIGHWAY GCOMMISSION
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Of the 48 State highway departments,
then, 15 are administered by single execu-
tives, 9 arc of the single-executive {ype
with boards or commigsiong in advisory
or coordinate capacities, and 24 are under
the administrative control of commis-
sions, In recent years, however, four
States have abandoned the commission
form in favor of single-executive organi-
zationg. In the same period no State
has changed from the gingle-executive to
the commigsion form. Time will tell
whether or not this represents a signifi-
cant trend in the field of State highway
administration.

County and Local Road
Administration

As previously indicated, nearly 2.4 mil-

lion of the 8 million miles of rural roads
are under the jurisdiction of local rural
governments,
units is extremely varied in pattern. In
the New England States and in Pennsyl-
vania, very small subdivigions of the
States administer those roads not in the
State system, The counties are unim-
portant in highway affairs.

In the northeastern quarter of the
country, excepting New England and
Penngylvania, there exigts in general a
dual plan of local highway administra-

tion in which counties are responsible for -

systems of main county roads, and sub-
divisions of counties, called townships,
are respongible for the remaining mileage
- of non-State roads. The States of Iowa,
Indiana, and Michigan have placed for-
mer township roads under county juris-
diction. 'In Kansas, approximately one-
half of the counties have voluntarily
. adopted the county-unit plan, and here
and there in “township” States counties
have virtually consolidated all local road
work,

Rural roads outside the State highway
gystems are under county jurisdiction in
the south and west generally. Some-
times the county road system is super-
vised as a unit, and sometimes it is
supervised by precinets or commigsioners’
distiicts; Thus there may be three or
four or five distiicts operating independ-

Administration by these

ently within a county—each with its own
funds, equipment, and organization.

The rather widespread existence of gpe-
cial road districts of one kind or another,
superimposed on the basie county or
towhghip units and distinet from the
commigsioners’ districts just referred to,
should be noted. Approximately 1,000
of these special rural-road districts exist,
principally in the north-central area and
the west. )

Local rural-road administration has

vanighed in North Carolina, Virginia (ex-
cept for three counties), West Virginia,
and Delaware, and in a few other States
certain counties have individually passed
responsibility for local roads on to the
State highway department. In spite of
some movement toward the consolida-
tion and centralization of tural-road
administrative agencies during recent
years, however, some 2,700 counties and
14,000 townshipg are still concerned with
highway administration.
. The unit of local road administration
varies in area from a few square miles
to an area as large as that of San Bernar-
dino County, Calif., which comprises over
20,000 square miles. The range of re-
gources and expenditures is correspond-
ingly wide. Performanee of local road
authorities varies in quality, and there
are marked differences among the States
in the extent to which eounty and local
road work has been placed under engi-
neering control.

It is well established that local road
work requires adequate engineering COn-
trol, just as does State highway work,
Local road officials are slowly becoming
aware of the benefity of local engineering
control and its economic feasibility. The
Federal-aid secondary program under the
Federal-aid Highway Act of 1944 has
given impetus in thig direction, and with
the establishment in State highway de-
partments of special divisions to work
with the counties on cooperative projects,
the rapid growth of local engineering or-
ganizations is sure to follow. This devel-
opment may well be one of the most im-
portant results of the new Federal-aid
secondary program. - - s
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Municipal Street Administration

Local urban units engaged in munieci-
pal gtreet administration are almost as
uumerous as local rural highway units.
In a total of some 16,000 incorporated
places there are approximately 300,000
miles of cify streets, Of these 16,000 ur-
ban places, 3,000 have a population of over
2,500 and 13,000 have a population of legs
than 2,500,

In general, highway activities in cities
over 10,000 population are under compe-
tent engineering management, but in the
smaller places there is no settled pattern,
and engineering control ranges from good
to none at ail, There is, however, an
awareness and appreciation of the feasi-
bility and economic advantages of engi-
neering control in stréeet planning and
construction, and there is a noticcable
trend in that direction in all places, both
large and small.

The need. for highway and street im-
provements in urban areag is acute, and
practical recognition of the transportu-
tion problems of our cities has been given
by extending Federal aid to projects in
urban areas. The Federal-aid Highway
Act of 1944 not only provides funds for
congtruction but also for advance plan-
ning of needed facilities in- cities on a
gound basig.  If progress made under
previous Federal-aid programs may be
used ag a criterion, the next two decades
may bring developments in urban high-
ways that will overshadow the remark-
able achievements made in rural high-
ways during the past 25 years.

Nongevernmental Orgonizations

The administration of the Nation’s
highways is eittively a governmental func-
tion, working at Federal, State, county,
and local levels. Beyond this gphere of
actual operation, there are many nonpo-
litical organizations actively interested
in highway development and use.

The Americon Association of State Highway
Oficials

The American Association of State
Highway Officials was organized in 1914
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when hardly half the States had effective
highway departments, It is composed of
the principal officers of the State high-
way departments and the Public Roads
Administration.

Since its organization it has done a
work of the greatest importance in bring-
ing together highway officials for discus-
sion of important problems, planning of
concerted action, and adoption of uni-
form practices. Its avowed objective is
“to foster the development, operation,
and maintenance of a Nation-wide inte-
grated system of highways to adeguately
serve the trangportation needs of our
country.”

Annual meetings of the association are
devoted to discussion of national high-

‘way problems and adoption of policies.
 Its technical committees, composed of

ontstanding specialists, prepare stand-
ards for highway design, specifications
for materials, specifications for con-
structing bridges and various types of
suifaces, and manuals on such subjects
ag highway signs and markings and
highway maintenance, Specifications
and standards approved by the Associa-
tion are adopted by practically all high-
way agencies,

This organization has exercised a
strong influence over 48 independent
State highway departments in welding
the State highway systems into one great
network reaching to every part of the
Nation,

The Highwaoy Research Boerd

The Highway Research Board, an
ageney of the National Research Couneil,
is gponsored by 36 national educational,
technlcal, and commercial organizations,
Its primary functions are the correlation
of research by State highway depart-
ments, the Federal Government, ang uni-
versities. The board holds an annual
meeting for presentation of papers and
reports, and discussion of committee ac-
tivities. The publications  include pro-
ceedings, research abstracts, discussions
of current road problems, research re-
ports, and censuses of research. The

~board has 6 departments, and 69 active

committees with a membership of 871,




Field service iz rendered by staff spe-
cialists who vikit member agencies to
acquire comprehensive knowledge of re-
search, disseminate first-hand informa-
tion, and correlate highway research et-
forts.

The American Road Builders Association

The American Road Builders Associa-
tion, founded in 1902, has a membership
representing the entire highway industry
and profession. In its educational and
seientific aetivities it acquires and digsem-
inates knowledge concerning highway and
airport planning, design, finance, mainte-
nance, and operation. The association
holds meetings and expositions. In its
comrittee activities technical reports are
prepared and published. The associa-
tion does not conduct research but it as-
sembles the best information available on

highways and airports, and publishes it in
the most practical form. By this means
the scientifie application of sound high-
way principles are given world-wide dis-
semination.

Other orgonizations

There are a number of other organiza-
tions representing and serving particular
groups such as motorists, truck operators,
bus operators, automotive manufacturers,
and producers of highway materials and
equipment. Activities of these organiza-
tions vary but they are all interested in
improving methods of highway construc-
tion and in highway development. Their

efforts in the interest of Improved high-
way administration or in technical mat-
ters have aided in the national highway
program.
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HIGHWAY

Beginning of the Modern Era

Highway improvement remained a
small-scale operation, with weak financial
support, until the advent of the motor
vehicle, The motor vehicle brought a
strong demuand for better roads and also
the financial means of building them.
Previously, property taxes had been the
principal source of road revenue and few
roads were built.

Although the automobile made its first
appearance in the United Stautes in 1893,
the real beginning of the modern era of
motor-vehicle trangportation did not oc-
cur much before the entry of the United
States into World War 1 in 1917. The
annual production of motor vehicles did
not exceed 10,000 vehicles until 1903 when
11,235 automobiles, trucks, and busses
were manufactured. By 1809 production
had risen to 127,000 vehicles, and in 1915
nearly 970,000 vehicles were manufac-
tured. From that date forward the an-
nual production of motor vehicles did not
fall below a million vehicles until 1943,
when the exigencies of World IT brought
almost complete cessation of the manu-
facture of all types of vehicles for civilian
use.

Registration of vehicles

The first State to require that motor
vehicles be registered for purposes of
regulation was New York, which im-
posed this requirement in 1901, Other
States soon saw the need for such legis-
lation. By 1915 all States and the Dis-
trict of Columbia had nmiotor-vehicle-regis-
tration laws, all but four of which pro-
vided for annual registration, and the
possibility of financing highway work
from this source was recognized. Regis-
fration tax rates or licenge fecs had been
increased to the point where some 2,300,-
000 vehicles registered in 1915 contributed
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FINANCING

more than $18 million to the States,
Registration taxes and fees produced the
greater portion of the income from motor-
vehicle owners until 1929.

Allied taxes, fees, and charges that
have developed along with registration
taXxes are motor-carrier taxes, driver-
license fees, titling and transfer fces,
and inspection charges. These have not
become important revenue producers.

Motor-fuel taxation

Oregon was the first State to impose a
tax upon the sale. of motor fuel. The
rate established when the tax was first
levied in 1919 was 1 cent per gallon, and
the proceeds were dedicated for the
maintenance of State highways. Other
States soon adopted this attractive new
method of raising revenues for highway
purposes, and by 1929 all States and the
District of Columbia were levying this
tax, Of the 44 States that imposed
motor-fuel taxes prior to 1926, the origi-
nal rate was 1 cent per gallon in 26
States, 2 cents in 16, 214 cents in 1, and
3 cents in 1. By 1929, however, the
rates had been raised in most States so
that the average weighted rate in that
year was approXimately 8 cents per
gallon. »

Highweay expenditures

It has been estimated that the level of
total annual expenditures on rural roads
by all governmental agencies prior to
1904 seldom, if ever, exceeded $75 mil-
lion. By far the largest portion of this
money came from property taxes, al-
though a congiderable amount also came
from poll taxes and “labor” taxes.
Property taxes levied specifically for
highway purposes were widely used, al-
though a large part of the contribution
obtained through taxXes upon property
was received through appropriations




S

from the general funds of counties and
local rural governments. The so-called
“labor” taxes were imposts that had been
adopted in many areas to replace the re-
quirement that each male citizen make
an annual contribution of his own labor
to the consiruction and maintenance of
roads in his area. However, actual labor
contributions were still important to the
building and upkeep of rurul roads in
somme sections of ‘the cduntry.

At the beginning of the automobile era
the street networks of the incorporated
places in the United States were in a
much higher state of development than
were the rural roads. It has been esti-
mated that in 1906, when annual expen-
ditures on rural roads were at the $75
million level, expenditures on city and vil-
lage streets were averaging about $300
million per year. Property taxes, either
specilically levied for highway purposes
or levied for and appropriated from gen-
eral funds, provided most of the revenne
used for street purposes. Borrowing to
finance large construction projects, sel-
dom resorted to in rural areas at that
time, was a common practice, especially
among the larger cities.

Beginning at $75 million in 1906, the
tolal rural-road expenditure rose rapidly
fo-about $280 million in 1915, Jeveled off
during the war years of 1916-18, and then

Jumped to a level of $1 billion in 1921,

During this period the chief sources of
funds used to finance these expenditures
were still property taxes, poll taxes, and
labor contributions. Borrowing to fi-
nance construction of rural roads be-
came Increasingly popuiar, State im-
posts . on highway users were still a rela-
tively unimportant seurce of highway
revenues; they provided less than $200,-
Q00 in revenues in 1806, and only about
$120 million in 1921, nearly all of which
was used on rural roads, as compared to
$550 million of current revenues raised
for rural roads from other gources in
that year. Expenditures for city and vil-
lage streets are estimmated to have aver-
aged about .$300 million annually until
1921, Most of this money came from lo-
cal taxes upon property or from bor-
rowings.

Four of the factors most significant
to highway tinance are compared in fig-
ure 6. These are total expenditures on
all roads and streets, revenues from State
highway-user imposts, motor-vehicle reg-
istrations, and highway use of motor fuel.
Where the curves are incomplete it is
heecause data for early years are lacking,
This graph is a brief explanation of how
the great system of surfaced roads has
been mainly financed. As motor vehicles
became somewhal numerous, taxes were
imposed on them for road purposes.
More roads were built, making owner-
ship of a motor. vehicle more attractive.
More vehicles were purchased which pro-
duced gstill more revenue and more
roads—and so the cycle has continued up
to the present time,

Revenue Sources and Recenf Trends

The period from 1921 throngh 1948
wasg one of intensive highway construe-
tien. Migure 7 depicts the growth and
fluctuation of highway revenues of all
kinds during this period.

The vertical width of each shaded area
represents, for any year, the magnitude
of the revenues obtained from the par-
ticular source indicated, these magni-
tudes accmnulating to the grand totals
represented by the top line.

Local income

The two lowest areas represent the
revenues used for highway purposes,
chiefly in the form of property taxes, of
incorporated and other urban places, and
of county and local rural highway ugen-
cies, respectively. These local revenues
reached their highest level between 1927
and 1930. The high point for incorpo-
rated places was $787 million in 1930;
that for rural units was $550 million in
1928, During the depression years there
was a sharp reduction in the yield from
property taxcs, both rural and urban,
Revenues of county and local road agen-
cies reached thelr prewar low point in
1934 when incorporated places got $337
million and rural units $251 million.
During the war the revenues from these
sources applied for highway purposes
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sank to new low levels—3$205 million for
incorporated places in 1943, and 258
million for rural units in 1944—but this
was because of the war-imposed restric-
tions upon highway activity rather than
the unproductiveness of such taxes.

State income

The next band represents highway in-
come from State sources other than high-
way-user reveniules — chiefly property
taxes and appropriations from general
funds. In the early 1920’s these reve-

nnes were a relatively important source

of highway income, but they have become
insignificant in recent years in compari-
son with the mounting receipts from
State imposts on highway ugers, How-
ever, the actual amount reeceived from
this source in 1946, $155 million, was
greater than the amount received in any

" previous year.

Above this band is the one represent-
jng income from State imposts upon
highway users. Of only moderate im-
portance at the beginning of the peried,
£119 million in 1921, these revenues ac-
counted for more than 60 percent ($1,800
million) of the currenf income applied
for highways in 1948, This group of
revenues includes, in the order of present
importance, motor-fuel taxes, vehicle-
registration taxes and related licenses
and fees, and motor-carrier taxes and
similar charges.

Federal funds‘

Next is an area representing “regular”
Federal aids and funds expended directly
by Federal agencies, chiefly by the Public
Roads Administration. The actual funds
applied began at about $90 milljon in
1921 and reached a prewar peak of $452
million in 1936. Annual applications of
postwar funds will soon exceed this
amount,

The mountainlike shaded area at the
top of the graph indicates Federal funds
used in work-relief construction on roads
and streets by the Work Projects Admin-
igtration anq its predecessor agencies
from 1933 through 1942, The peak con-
tribution was $775 million in 1938. The
WPA expenditures served to compensate

for the great deficlency, during this pe-
riod, in local revenues for secondary
roads and streets. As a result the fotal
amounts of revenue used for highway
purposes from 1936 through 1941 ex-
ceeded all previous totals, '

During the war the revenues devoted
to highway purposes gencrally declined,
WPA activities were terminated in 1942,
The use of regular Federal highway
funds was concentrated on projects nec-
essary to the war. Wartime shortages
and restrictions caused a considerable
reduction in the receipts from highway-
user taxes. The decline in county and
local funds assigned to highways was not
due to lack of revenues, as the yield from
property taxes generally increased, but
avose from suspension of highway con-
firoction activities,

Borrewings

Borrowings are purposely omitted from
figure 7. Revenues used to repay bor-
rowings are included. To include also
the money borrowed would represent a
duplication. Borrowings did and will
continue to play an important part in
the development of highways, and will
be considered subsequently. Attention
will now be directed to the development,
productivity, and dependability of the
wore important individual sources of
current income for highway purposes.

Principal Sources of Revenve

In Colonial days road administration,
both rural and urban, was primarily a
local affair. Rural roads were supported
largely by taxes on property, poll taxes,
and impressed labor, while village and
city streets were financed prineipally
from property taxes, Road taxes, espe-
cially these imposed in rural areas, gen-
erally could be “worked out”, and as a
result many local governments received
little cash to apply toward their road
work. These conditions did not change
materially for more than 150 years.

Propeity toxes

Although the road poll tax and labor
contributions have ceased to be signifi-
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Special nssessments are applied

most frequently in cities, especially in
new residential developmentsg, although

in the early days of modern highway
building this method was sometimes used

in the financing of rural roads,

hy it.

cant factors in the support of roads, the
property tax continues to possess many

of the characteristics of Colonial times.

Two types of property taxes are im-

“Special

asgessments” are levied against property

highway purposes.
abutting upon or lying near a. highway

posed for

The

“general property tax,” levied at an ad

vaelorem rate on real (or real and per-

that is improved, to recoup all or part of
the cost of -the improvement from the
properties judged to be chiefly benefited

sonal) property within & given tax juris-

diction, is a much more imporiant source
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of highway revenue. The accepted opin-
jon is that use of general property taxes
is justified when the improvements to be

-financed are of general community bene-

fit, or when the benefits accruing to prop-
erty are expected to be more or less pro-
portional to existing property values
throughout the jurisdiction,

Property taxes have traditionally been
the principal source of direct tax reve-
nue available to counties and municipal-
ities for the support of highways; and
it is probable that this situation will
continue for years to -come. Although
many local jurisdictions make general-
revenue fund appropriations rather than
specific highway levies, the revenues are
derived chiefly from property taxes.
Only in a few of the larger cities have
other sources, such as sales and payroll
taxes, become important producers of
revenue,

The State governments, which have
enjoyed better opportunities to exploit
other sources of revenue, have relied
much less heavily on property taxes than
have the counties and municipalities.
Prior to 1925, however, State road-tax
levies and appropriations from general
funds were a principal source of State
highway income.

As administered in the United States,
property taxes are characterized by a
considerable degree of inflexibility; good
productivity and dependability when
times are prosperous, but poor produc-
tivity and low dependability when times
are bad.

Highway-user charges

Special taxes imposed by the States on
motor vehicles are of three types: (1)
Registration taxes and fees and allied im-
posts such as operators’ licenses and title
fees; (2) gallonage taxes on gasoline and
other motor fuels; and (8) special taxXes
on for-hire carriers of persons and prop-
erty. Although important from a regu-
latory standpoint, the carrier taxes are
not great revenue producers; and may be
grouped, for present purposes, with the
registration taxes and fees.

Tirst adopted as a regulatory measure,
the registration procedure was soon rec-

ognized. as a device for raising highway
reventes. As motor trucks became more
numerous on the highways and their
damaging effects on lightly constructed
road surfaces became evident during the
war period of 1917 to 1918, the practice
of graduating registration fees with the
weight or capacity of the vehicle became
popular and gradually spread to all
States.

Sovon after its adoption by Oregon and
three other States in 1919 the revenue-
producing possibilities of the motor-fuel
tax became evident to the States gener-
ally. By 1929 there were gasoline taxes
in all States and the District of Columbia,
with rates varying from 2 to 5 cents per
gallon. At the present time the rates vary
from 2 cents in Missouri to & cents in
Louisiana, with a weighted average rate
of slightly more than 4 cents. In addi-
tion there is a Federal gasoline tax of 114
cents per gallon,

Several critical points in the history of -
State imposts on highway users can be
discerned. By 1925 the gasoline tax had
become a substantial source of highway
revenue; but its yield did not exceed that
of the motor-vehicle taxes and fees until
the year 1929. From that time on, gaso-
line tax receipts increased in relative im-
portance until, in 1941, they produced
nearly twice the revenue derived from the
motor-vehicle imposts. )

Effects of depression and war

The depression. period beginning in
1930 caused a temporary check to the up-
ward progress of highway-user revenues.
Starting in 1934 the receipts steadily re-
covered, except for a slight hesitation in
the ‘“recession” year of 1938, until they
reached a prewar peak of $1,469 million
in 1941, This amount and those that fol-
low in this-discussion are gross, including
amounts assigned to meet collection costs
and for nonhighway uses.

With the entrance of the United States
into the war, motor-vehicle production for
civilian use ceased and the major sources
of raw rubber were cut off by the Jap-
anese. Motor vehicles and tires were ra-
tioned ; and gusoline rationing became the
keystone of a Nation-wide effort to con-
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serve the dwindling supply of tires and
rubber. These emergency regtrictions
were refleeted in decreased receipts of
highway-user revenues which reached a
wartime low in 1943. At the close of the
war, in 1945, gasoline rationing was termi-
nated, traffic volumes rose sharply during
the fall months, and the receipts from
highway-tuser taxes very definitely turned
the corner. Following the resumption of
full production of civilian motor vehicles
the income from State highway-user im-
posts reached a new high of $2,095 million
in 1948,

Distribution of State revenuves

The digtribution of the receipts of the
States from highway-user revenues can
be indicated by considering the disposi-
tion of the $1,852 million collected in 1947,
as shown in figure 8. Collection and agd-
ministrative expenses were approximat-
ely $74 million. A total of $1,110 million
was allocated for State highway purposes,
including $133 million for debt service
and $46 million for the support of State
highway traffic police. Allocations for
work on county and local roads, and for
debt service on county and local highway
obligations, were $39%1 million. In con-
trast, only 803 million was allocated
directly for work on city streets. This
ig not the full amoeount received by cities,
as allocations to counties and State high-
way departments in some States are ex-
pended partly in cities.

The claims of urban ioterests for a
greater share  in  the highway-user
revenucs deserve attention; and there is
little doubt that they will receive more in
the next few years, partly through in-
creased State activity in the congtruction
of expressways, arterials, and circumfer-
ential routes, and partly by direct alloca-
tion. But the citics also have a large
gtake in the preservation and improve-

ment of the rural State highways, to

which they contribute a lion’s share of
the traffic. It will probably be necessary
to increase the contribution of property
taxes to the support of the essentially
land-service roads and streets ; and to dis-
tribute the proceeds of highway-user
taxes to those roads and streets which
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are primarily of importance as arteries of
iraffic rather than as means of access to
adjacent property.

Allocations of highway-user revenues to
nonhighway purposes in 1947 amounted
to 171 million. The nonhighway pur-
poses to which highway-user revenues
have been directed are, for the most part,
essential functions for which money must
be obtained from some source. It is
sometimes contended that the special
commitment of revenues for highway
purposes has no valid significance—that
all governmental révenues should be gen-
eral revenues and all expenses should be
defrayed ount of general funds. It is a
fact, however, that in all States the high-
way-use tax schedule is predicated on the
concept that the highway user, in paying
these taxes, is thereby contributing his
due share to-the sapport of the highway
gystem, If highway-use taxes are to be
meagured by the requirements for high-
way expenditures, it is argued that the
product of the taxes should be used for
the purpose which determines their mag-
nitude, as a matiter of common sense.

The operational administration of a
highway system can be most successful
only if it enjoys an assured continuity of
fiscal support. 'The principle that high-
way-user revenues belong to the high-
ways hag admirably served these ends,
with the result that in many States high-
way executives can plan their programs
in anticipation of revenues that, under
normal conditions, can be predicted with
accuracy several years in advance.

Local levies

- Imposition of levies upon highway
users is not limited entirely to the Federal
Government and the States, although
many States specifically forbid most forms
of highway-user taxation by subordinate
units. However, there are some States in
which such imposts are permitted and are
used to a considerable extent. Hegistra-
tion or “wheel” taxes are in use in about
10 States and are imposed chiefly by cities,
Chicago being the outstanding example.
The city receives more than $5 million
annually from this seurce. Fuel taxes are
now imposed by counties or local units or
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both in less than 10 States. The income
obtained from thig source is not ag great
as that received from the local registra-
tion taxes,

The regulation of the use of street
parking by means of parking meters is
becoming increasingly ecommon in urban
areas. At the beginning of 1948, meters
were in use in 888 out of 2,034 cities hav-
ing populations in ¢xcess of 5,000, accord-
ing to the International City Managers’
Association,  -Although the principal
stated purposes of most of the individual
ingtallations were the regulation and
pelicing of parking, the meters are prov-
ing to be attractive revenue-producers.
Average annual revenues per meter for
all such places were estimated to have
been between $70 and $80 in 1947.

Tolls—the Principles Involved

As commonly used today, the term
“toll” refers to a special type of highway-
user charge levied for the use of a speci-
fic facility, such as a road, bridge, ferry,
or tunnel.

. The imposition of tolls for the use of
certain highway facilities is an old de-
vice, and when the facilily is publicly
owned the impost has always been a
center of hot controversy., Tolls are im-
posed for the use of publicly owned fa-
cilities for one or both of two reasons:

1. To finance the cost of the facility
used,

2. To supplement other tax revenues.

Although both reasons are attacked as
contrary to public policy, the stronger
argument c¢an be made against the second
because of the extremely diseriminatory
nature of such financing of general gov-
ernmental activities.

‘While the number of toll facilities
owned by couunties and local governmen-
¥l units is relatively small, toll charges,
in recent years, have provided a greater
portion of the income from county and
local imposts upon highway users than
any other single impost. However, the

rapid increase in the use of parking’

meters by incorporated places may soon
raise the income from this source to first
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place among the road-user revenues of
local governments.

Most of the income derived from tolls
charged for the use of publicly owned
facilities is expended for highway pur-
poses, chiefly maintenance and operation
of the facilities and retirement of the
debt incurred when they were built, In
a few instances, however, some or all of
the toll revenues are applied toward the
inancing of nonhighway activities of the
governmental units owning the facilities,

Toll roads

While there are numerous toll bridges
and ferries, and some toll tunnels, there
are now only three sections of main high-
way where a charge is made for use, In
recent years it has been proposed that
tolls be imposed to finance the costly im-
provements necded on heavily traveled
routes. It seems unlikely that the plan
will be widely adopted.

Toll roads are opposed for a number
of reasons. Collection of tolls is a costly
procedure and this cost would be passed
on to the user as an added burden. Toll
gates would necessarily be spaced some
distance apart which would preclude use
of the toll road for many short trips that
make up 4 large part of highway traflic.
Collection difficulties make it impraectical
to operate main routes entering eities as
toll roads.

Laws, public sentiment, and operation
difficalties prevent the conversion of ex-
igting free highways into toll reads. New
toll roads must be in addition fo exisiing
highways. Highway users, a5 a group,
wonld therefore have to pay the cost of a
much - greater mileage of road than is
needed to serve traffic.

In a report, Toll Roads and Free
Roads, issued in 1939, the Public Roads
Administration concluded that there is
only a small mileage of routes that would
attract suflicient trafiic to be self-sustain-
ing when improved and operated as toll
highways,

Toll bridges

'There are numerous toll bridges. In
greater part they are publicly owned and
are to be made free when earnings have




repaid the money horrowed for construe-
tion. This ig accepted policy where a
bridge is needed across a large stream
and the project cannot be financed except
by horrowing. There is an important
distinetion between toll bridges and toll
roads, The toll bridge .is a monopoly.
All travelers crossing the stream within
a wide range must contribute to its cost.
This condition cannot exist on a toll high-
way. The public must pay to support
both a toll road and a free road, neither
of which will give the service that could
be obtained by concentrating the expendi-
ture on a single route.

Highway Debt

The financing of public improvements
by borrowing is a time-honored praetice,
although it was the subject of much con-
troversy during the nineteenth century.
In the early days of modern road build-
ing, most of the borrowing for highway
purposes was done by county and munici-
pal road and street agencies, Massa-
chusetts, in 1898, was the first to engage
in State borrowing for highways. Other
States, notably New York, California,
Maryland, and Connecticut, soon followed
guit. As the revenue potential of the
highway-uger taxes came to be realized,
the practice of issuing State highway
bonds gathered momentum,

- Extent of bhorrowing

Those highway administrators who ad-
vociated the issuance of State highway
bonds contended, with much justification,
that the savings to highway users
- hrought about by aceeleration of the road-
improvement program would more than
compensate for the interest charges on
the bond issues. More frugal executlives
in some States insisted on keeping their
programs of expenditure within the
bounds of current revenue. However, a
number of States which either did not, or
becauge of constitutional Ilimitations
could not, issue bonds, did not hesitate to
make use of the borrowing power of the
counties, townships, and road districts.
These units, in numerous States, either

borrowed to build roads which later be-
came State highways, or supplied bond
proceeds direct to the State highway de-
partments, A period of partial county
finaneing of State highways was followed
by a period of partinl State financing of
county -highway debt. Not only were
State grants-in-aid made available for

- debt service ; the legislatures in a number

of States provided that the State should
reimburse the counties for their con-
tribution  to the cost of State highways,
either by direet assumption of the debt
or by other means. This practice has
materially added to the burden of State
highway debt. ' )

It is estimated that, at the end of 1940,
the total highway debt of States, coun-
ties, and municipalities was $4,258 mil-
lion, of which the State highway debt
was $1,644 million; county and local ru-
ral highway obligations were $1,274 mil-
lion; and the highway debt of cities was
$1,340 million,

This total of outstanding highway debt
may be compared with the total capital
outlays for roads and streets between
1910 and 1940, which are estimated to
have been $23,350 million. A conserva-
tive estimate of the “present value” at
the end of 1940 would be two-thirds of
the total investment, or $15,567 million;
and the bonded indebtedness is found to
be only 27 percent of this value. There
has been considerable reduction in high-
way debt since 1940, For example, State
highway obligations were reduced by
$374 1nillionv between 1940 and 1944, Al-
though there was little new investment
in highways during the war, and much
deterioration in their condition, the fig-
ures just eited leave little doubt that the
highway agencies of the country entered
the postwar period in a very favorable
position with respect to the relation be-
tween outstanding debt and the value of
the existing highway plant.

Types of obligation

By far the greater portion of highway
debt is in the form of general-obligation
bonds, to which the full faith and credit
of the issuing government is pledged. In
nearly all States the debt service on State
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highway obligations is now paid out of

the proceeds of highway-user taxes, The ~

stability of these revenues has, in many
instances, buttressed the State’s credit.
Nevertheless, the security of the bonds
rests substantially on the entire revenue
structure of the State. .

A number of States in recent years
have issned so-called limited-obligation
bonds, to the service of which all or part
of the highway-user revenues are pledged.
In some cases the security of these issues
is strengthened by the provision of con-
tingent sources of revenue to be resorted
to if the basic source fails. TFor example,
the 1985 law governing the issue of Mary-
land State Roads Commission debentures
provided that the debt service should be
paid, first, out of truck-license fees and
franchise taxes; second, out of the pro-
ceeds of 0.14 cent of the gasoline tax ; and,
third, out of tolls to be levied, if neces-
sary, at bridges on which proceeds of the
issue were used. In actual fact, the truck
fees alone were more than sufficient to
pay the debt service on this and earlier
issues.

A third type, characteristic of borrow-
ing by special authorities ereated to ad-
minister toll facilities, is the revenue
bond, the sole security of which (other
than insurance) is the income from a
single faeility or group of facilities. Reli-
able forecasty of future traffic are essen-
tial to the financing of such enterprises.
A number of States, including Alabama,
Arkansas, and Tennessee, have found it
necesgary to refinance with general obli-
gation bonds toll-bridge issues which
could not be fully supported by the toll
revenues.

Terms of issue

In the early days of highway financing
there was a tendency to issue bonds to
mature over periods not justified by the
service lives of the improvements for
which the money was used, Terms as
long as 50 years were not uncommon;
New York, for example, sold $100 million
in B0-year highway bonds between 1907
and 1922, - Such terms are not unreason-
able, however, for bonds issued to build
bridges and other major structures. For
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general highway improvements terms of
20 to 30 years are now the rule, and many
issues are sold at ghorter terms.

v
Retirement provisions

The provision made for the retire-
ment of debt is usually of one or the
other of two types, although combina-
tions of the two are sometimes provided,
In earlier years the so-called term-issue
method wasg most comimon, and is still
most frequently used in connection with
short-term - borrowings such as mnotes.
Under the term-issue plan the entire
amount borrowed falls due at a certain
date fixed when the debt ig assumed, A
sinking or amortization fund is provided
te which annual payments of a fixed
amount are made, The plan is so de-
vised that the sum of these payments,
plus whatever income is obtained from
investing them, will be sufficient when
the debt falls due te pay the entire
amount. Sometimes the provision for
the sinking fund is broadened to include
the payment of annual interest charges
due on the outstanding principal. In
recent years the “serial” method of re-

" tirement has become increasingly popu-

lar. Under this plan a predetermined
amount of the principal is scheduled to
be paid each year, beginning at a certain
time after the bonds .are sold—usually
not less than one year nor more than
three. This plan of retirement does not
require a sinking fund, The annual
principal payments are usually made
directly from current income, upon which
they customarily have a prior claim.

Sometimes bonds are made “calluble.”
This feature provides that an issue which-
is scheduled to run for several years on
a term or serial basis may be called in
for payment of the principal before the
regular retirement date, at the will of the
borrower, Thig feature has certain ad-
vantages from the borrower’s standpoint,
but these are usually offset to some de-
gree by the reguirement of a higher rate
of intercst when the call provision is
included.
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Trends in Highway Expenditures

A review of trends in highway financ-
ing in the United States would not be
complete without a brief review of the

purposes for which funds have been used. '

Tigure 7 pictures the growth and fluctua-
tion of highway revenues for the period
from 1921 through 1948, Figure 9 de-
picts the growth and fluctuation of high-
way expenditures during the same period.
Both are based in part upon reasonably
accurate statistical data and in part on

estimates. The gross totals of revenues

and expenditures for any given year will
not agree, for two reasons; First, changes
in balances are not shown: and, second,
borrowings and principal payments are
omitted, although interest payments are
included.

Two other facts about these presenta-

" tions must also be understood:

1. The revenues, shown in figure 7, are
grouped according to the class of gov-
ernmental unit that collected or received
them originally; .

2. The expenditures, shown in figure 9,
are presented according to the adminis-
trative classification of highways upon
which, or for which they were made.

Thus, revenues from highway-user im-
posts, received originally by the States
but subsequently shared with or turned
over as aids to counties are included with
other State highway-user revenues in fig-
ure 7. On the other hand, direct expen-
ditures by the States for construction,
maintenance, or other purposes upon or
for roads under county control are shown
in figure 9 under the general heading of
expenditures on county or local rural
roads.

The scale of figure 9 is too small for
indication of the purposes such ag con-
struction or maintenance, for which
funds were expended 'on individual sys-
tems. However, a segregation of Fed-
eral funds spent upon each system is pro-
vided. The chart is divided vertically
into four major bands which are sep-
arated by solid lines. Hach of the three
lower hands is subdivided into two parts;

‘the lower representing expenditures of

other than Federal funds, the upper the

829193°—49——4

expenditures of Iederal funds. These
parts are separated by dashed lines and
are further distinguished by differences
in eross hatching. The vertical width of
each major band represents, for any vear,
the magnitude of the total expenditures
made on, or in behalf of the particular
system indicated; these magnitudes ac-
cumulating to the grand total represented
by the top line.

City and village streets

The area below the first solid line rep-
resents the expenditures on city and vil-
lage streets, but does not include State
expenditures upon trans-city connections
of rural State highways—these latter are
incladed in the State highway band, near
the top of the graph. Hxcluding Federal
work-relief expenditures, which comprise
the entire Federal portion of thizg major
band, the total expenditures upon city
and village streets reached a high point
of $799 million in 1930. This total was
composed of $478 million spent for con-
struction, $230 million for maintenance
and adminigtration, and $91 million for
interest. This interest payment was the
highest on record for such roads.

Federal work-relief expenditures upon
eity and village streets (all for improve-
ments) began in 1933 and  continued
through 1942, reaching a peak of $367

‘million in 1938. This amount, added to

the $174 million spent otherwise for the
improvement of these highways, resulted
in a total expenditure of $541 million
for construction or improvement of city
and village streetg during that year, an
unequaled record. The expenditure of
$182 million for maintenance .and ad-
ministration and $55 million for interest
brought the total expenditure during the
year on thig clags of highways to $778
million, which very closely approaches
the total spent during 1930,

Ag indicated by figure 9, total expendi-
tures upon city and village streets reached
their lowest level, since 1920, in 1943 and
1944, when only about $321 million was
spent each year. The principal cause
was the war-imposged- curtailment of con-
struction, which totaled only $68 million
in 1943 and $74 million in 1944. On the
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have reached a record $753 million in
1948. However, the information upon
which this estimate is based is fragmen-
tary and more complete data may reduce
this total.

Although the total was probably great-
est in 1948, the expenditures for specific
purposes, -not shown directly on figure
9, were not at their peak in that year,

-Excluding work-relief expenditures, the

estimated outlay of $337 million for con-
struction of these roads in 1921 has not

- gince been egualed ; in fact, this type of

expenditure has shown a general declin-
ing tendency which reached a low point
of about $80 million in 1944. However,
there is an indieation that this trend
may have been reversed; expenditures
for this purpose during 1948 were about
$287 million. Payments for the mainte-
nance and adminigtration of county and
local rural roads have fluctuated widely,
although within the last five or six years
there have been evidences of the incep-
tion of a new upward trend. This has
resulted in a record high of about £446
million being spent for these purposes in
1948. Interest payments on county and
local road debt mounted steadily from $34
million in 1921 until a peak of $91 million
was reached in 1931. Since then the
trend has been reversed; in 1948 only
$20 million was required to meet interest
obligations.

Federal work-relief expenditures on
these roads were higher than upon any

other system, a total of more than $2.

billion being g0 applied between 1933
and 1942, The greatest expenditure in
any single year was $389 million in 1938,
which, added to the $474 million spent
otherwige on these roads in that year, pro-
duced a total of $863 million, the high-
est amount expended to date on these
highways.

State h;i‘ghwqys

The next major segment of the graph
depicts the expenditures made for State
highways, both rural and urban portions.
Total annual expenditures upon these
roads increased steadily from the 1921
low point of $384 million to a high point
of $988 million in 1931, From 1932 until

1545 the total fuctuated considerably;
first, hecause of the depression and, later,
because of the effects of the war. Since
the close of hostilities the rate of total
expenditures has increased rapidly, and
reached a record high level of ¥1.8 billion
in 1948, ‘

The upper portion of thiz band, which
represents Federal funds spent on State
highways, differs from the Federal-funds
portions of the two lower bands because
it is composed almost entirely of regular
and special Federal-aid contributions to
the States. Direct Federal work-relief
expenditures on State highways were
negligible. Federal aids for State high-
way construection have heen an important
factor throughout the 25-year period.

The trends in State-highway expendi-
tures for construction, maintenance and
administration, and interest are not ap-
parent in the graph. The trend of capital
outlays has been generally the same as
that of total expenditures, although in
both 1943 and 1944 the level sank to $211
million, considerably below the $284 mil-
lion spent for these purposes in 1921, The
previous record high level was reached in
1931 when $733 million was paid out for
construction. However, expenditures for
these purposes totaled slightly more than
$1,100 million in 1948. »

Expenditures for State-highway main-
tenance and administration have shown
almost constantly increasing trends since
1921, when only $90 millien was spent
for these purposes. The comparable ex-
penditure for 1948 was $574 million, an
all-time record. Inferest payments on
State highway debt were only $10 million
in 1921, but by 1932 they had risen to $66
million. This level was maintained until
1987, after which the requirement de-
creased to the present (1948) level of
about $36 million annually.

Federal roads

The topmost band on the chart repre-
sents direct Federal expenditures upon
roads under Federal control—principally
roads in National parks, forests, and
other Federal reservations. These ex-
penditures have never exceeded the $64-
million level attained in 1935, and have
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averaged about $20 million annually.
Most of these funds were spent for con-
gtruction.

Changing price levels

The data presented in figure 9 repre-
sent actual dollar amounts, Adjustment
for changing price levels hag not been at-
tempted. It must be remembered that
present price and wage levely are far
above what they were in 1941, and con-
siderably further above what they were
in the depression years of the thirties.
Therefore, the high levels of expenditures
made in most categories during 1948 are

not matched by equally great physical

accomplishments,

s
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System chianges

In considering either State-highway ex-
penditures or those made for rural roads
under county or local control, it must be
remembered that although the total rural-
road mileage in the United States has re-
mained almost stationary at 3 million
miles since 1921, the mileage included in
State primary and secondary systems has
more than doubled—from 203,000 to
428,000 miles. This increase has been
matched by a corresponding decrease in
the mileage of other rural-road systems.
Historical information about city and
village street mileage is not available,
The present total is. approximately 317,
000 miles,




DEFINITIONS OF TERMS

. The following definitions have been
Jrepared to give foreign visitors and
students a general understanding of gsome
of the highway terms with which they
may be unfamiliar. There is no stand-
ard definition of most of the terms other
than the dictionary. In preparing this
material simplification and definition of
nmost frequent usage has been the objec-
tive. There has been no attempt to give
complete definitions.

Arterial  highwaey—A general term
designating a major highway, usually
on a continuous or through route. The
term is descriptive of character of usage
and not of character of improvement,

Construction costs.—Cost of additions
or betterments to the highway system,
sometimes including right-of-way pur-
chases.

Controlled-access highwajy.——A high-
way on which abutting property owners
have no right, or only a limited right,
of direet access and on which the type
and location of all access connections are
determined znd controlled by the high-
way authorities.

County—An area constituting the ma-
jor subdivision of the State, which is
usually organized as a unit of govern-
ment for the performance of local func-
tions. There are approximately 3,000
counties in the United States. The num-
ber per State ranges from 5 to 254 and
averages 62,

Debt service—The amounts vequired
for interest and for debt retirement,
whether they are paid into sinking funds
or directly to bondholders,

Eaepressway.—A highway with full or
partial control of aceess and with im-
portant cross roads separated in grade
from the pavements for through traffic.
Expressways are generally divided high-
ways. Some streets may be left as cross-

’ ings at grade to be eliminated at a later

time. In some instances the term has
been incorrectly applied to named high-
ways not having expressway characteris-
tics.

Forest highwaey—The Federal Govern-
ment hag withheld from settlement or
purchased large areas rich in timber and
mineral resources, as a conservation
measure. These are National " forests.
Roads through and approaching such
areas are known as forest highways.

Frecway.~—A highway with full con-
trol of access and with all cross roads
separated in grade from the pavements
for through traffie, ’ '

Impost—Any charge made by a gov-
ernmental unit for the support of its ac-
tivities. Highway-user imposts are spe-

cial taxes or fees paid by motor-vehicle’

users because of their use of the high-
Ways.
Incorporated place—An area delin-

eated and organized as a municipal cor- -

poration under State law for the purpose
of carrying on governmental functions
within the area.

Licenses and permits—Payments ex-
acted in connection with the conforring

of a measurable benefit or privilege upon

the individual or corporation making the N

payment. Licenses or permits may be
issued primarily for the purpose of regu-
lation, or they may be imposed for rev-
enue with regulation only an incidental
factor,

Local.—Used to refer to local govern-
ment. Local government is commonly
thonght of as that government which
comes in direct contact with the citizeng
in the performance of governmental func-
tions of a service nature such as protec-
tiom, schools, roads, recreation, and the
like. The term is used loosely to include
all units below the State level and, in a
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more restricted sense, all governmental
units below the county level (cities, town-
ships, and special districts).

Local revenue—Revenue of the local
government, exclusive of aids, or shared
taxes received from other wunity of gov-
ernment ; revenue originally collected by
or directly for the local government.

Maintenance—The function of pre-
gerving each type of roadway, structure,
or facility, by making nceded repairs,

Municipal.~—Enjoying local self govern-
ment ag in cities and towns; of or per-
taining to, or characteristic of a mu-
nicipality (i. e., city, village, town, ete.).
In most usage the word is closely synony-
mous with urban.

Parkway.—An expressway planned and
designed for use by noncommercial traf-
fic, usually located within a park or a
ribbon of parklike development,

Park highway—Tlhe Federal Govern-
ment has withheld from settlement or
purchased large areas of exceptional
scenic beauty and recreational value,
Thege are National -parks. Roads
through and approaching such areas are
known as park highways.

Primary road or highway.—In general
usage a highway of first importance, a
main highway. In many States the term
describes those highways forming a defi-
nitely designated system of main high-
ways known as the State system. In a
few States the term “trunk highway” is
applied with similar meaning,

Road, Righway.—DBoth terms are used
to deseribe a way open to public travel,
There is no definite distinction between
them, The term *“highway” is more
often applied to the important routes of
travel and the term “road” to¢ lesser
routes of travel. City streets are often
referred to as highways. They are not
referred to as roads except when an old
name is gtill applied.

Rural.—Of or pertaining to the coun-
try as distinguished from wurban. All
highways and areas not classified as
urban are classified as rural. Federal
legislation provides aid for certain de-
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fined classes of rural road. Definitions
of these classes should not be confused
with the more general meaning of the
term,

Becondary road or Righway—In gen-
eral usage a road or highway not of pri-
mary importance, a road not on the State
primary system. In each State there is
A Federal-aid secondary system composed.
of selected roads secondary in impor-
tance to those of the Federal-aid primary
gystem. In some States there is a State
secondary system that does not include
all secondary roads according to the gen-
eral meaning of the term. Land-service
roads are occasionally referred to as
“tertiary” rather than secondary, but
this usage is infrequent.

Special aquthority.—A special govern-
mental body created by the State to earry
on one or more special activities. The
outstanding example is the Port of New
York Authority, which operates harbor
facilities, tunnelg, bridges, airports, and
terminals. The jurisdiction of a special
authority may extend into more than one
State.

Special district.—A unit of government
organized to carry on special activities
and vested with varying degrees of au-
thority to levy taxes and incur debt.

Unit of government.—Any public ad-
ministrative body clothed with the power
to receive and expend publie money.

Urban.—Characteristi¢ of, constitut-
ing, or pertaining to a city or town. There
is no precise definition of urban place
or urban highway that is universally ac-
cepted. For the purposes of this publi-
cation it may be assumed that -an urban
place is an incorporated place having
a4 population of more than 1,000 or an
unincorporated area having a total popu-
lation of 2,500 or more and a population
density exceeding 1,000 persons per
square mile, .

Wheel tax.—A local vehicle-registra-

tion tax.

Work relief—Assistance to the unem-
ployed through the provision of employ-
ment on special projects designed for this
purpose,
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Part 2

SYSTEMS AND STANDARDS

STATE HIGHWAY PLANNING SURVEYS

Before 1930, improvement of the pri-
mary rural highways was the relatively
uncomplicated objective of road improve-
ment effort. Primary routes had been
recognized, and designated in accordance
with law, as State highway systems in
the several States; and the more impor-
tant majority of the routes of these sys-
tems, since 1921, had been incorporated
in the Federal-aid highway system,

During the decade of the 1920’s a
steadily increasing expenditure by the
States, with Federal aid, had gone into a
pioneer improvement of these main rural
highways, By 1930 the end of this initial
program was in sight, Some degree of
improvement had been extended to nearly
the whole of the selected systems, and a
situation had been created which called
for a recongideration of guiding policies.

The registration of motor vehicles had
inereased heyond all early expectation.
The volume of traflic had grown at an
even faster rate. Speed of travel had in-
creased, ang was continuing to mount.
Already it was seen that much of the
earlier . improvement of the principal
rural highways would soon be inadequate
for the needs of the developed traffic,
necessitating reconstruction and enlarge-
ment of the facility provided.

Yet, notwithstanding their recognized
inadequacy, the main rural highways
were no longer the paramount concern,
ity streets, which earlier had been con-
sidered comfortably adequate, were be-
ginning to signal their distress under the
mounting load of traflic; and the rural
secondary and feeder roads in many
cases were now serving as much {raffie

a8 main highways a decade earlier. It
was becoming clear that the policy of
concentration upon main rural roads
could not reasonably be sustained much
Tonger,

Appraisal Needed

There was recognition of the need for
a careful appraisal of the new situation,
looking to a revision of policies, and it
wag for the purposes of developing the
facts necessary for such a study that the
so-called highway planning surveys were
undertaken, beginning in 1935.

- Opportunity to undertake these sur-

veys wasg afforded by a scction of the
Hederal act of June 18, 1934, known as
the Hayden-Cartwright Aect. This sec-
tion authorized expenditure of not to ex-
ceed 114 percent of the amount of Fed-
eral-aid funds apportioned for any year
to any State for the making of surveys,
plans, and engineering investigations of
projects for future construction.

By 1940 all State highway depariments,
cooperating with the Public Roads Ad-
ministration, were engaged in the con-
duct of highway planning surveys which,
at the time of their undertaking, were
dercribed as follows:

“T'hey consist of a number of related
studies that seek to determine the pres-
ent state of the whole rural highway sys-
tem ; to rate the service rendefed by the
numeroug parts; to prepare the way for
a selection of that part of the whole sys-
tem which, by reason of ity relative im-
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portance and abgolute utility, so far as
we may now see, merits inclusion in fu-
ture improvement plans; to assemble the
facts necessary for an estimate of the
ultimate cost of owning and maintaining
the economically necessary improved sys-
tem; all to the end that a definite eco-
nomically and socially defensible, inte-
grated highway-improvement program
may be established and the future of
highway transportation may be protected
from the hazards inherent in short-
sighted and shifting public poliey.”

The Patiern

The surveys conformed to a practically
uniform pattern in all States. The ele-
ments of this pattern were:

1. An inventory of all existing public
rural highways.

2. An estimate of the volume and char-
acter of traffic using all rural highways.

3. A review of the financial provision
and expenditure for roads and streets by
the States and all of their governmental
subdivisions.

4. An estimate of the number of motor
vehicles owned by residents of the various
subdivisions of the State as a basis for
a determination of the places of incidence
of State-collected road-user revenues.

5. A survey of the use of roads and
streets of the various recognized systems
by residents of the several subdivisions
and places.

6. A so-called road-life study, utilizing
records of past construction and recon-
straction of roads of various types as a
basis for an estimate of the service life
that may be expected of each type, an
element in the determination of probable
future financing necessities,

To these original elements of the sur-
veys there has been added more recently
a study of the origin and destination of

_the principal traffic movements within
the metropolitan areas of selected cities
at which need for the studieg has been
found.

The several survey elements are more
particularly described, in their character,
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. 8cope, and method, in the following sec-
tions.

The Highway Invenfory

The basie inventory that has now been
completed was an on-the-ground check of
the location and physical condition of all
rural roads. Observers drove over every
‘mile of road open to public use and re-
corded width, type, and condition of all
roadway surfaces; the type, dimensions,
and conditien of all structures, such as
bridges, overpasses, and underpasses ; the
location of all farms, rural dwellings,
schools, churches, and other cultural fea-
tures which are sources of traffic and
have a definite bearing on road needs:;
and the physieal characteristics of all
railroad grade crossings such as sight dis-
tances, curvature, and grades of railroad
and highway, and type of protection. On
the important routes they measured the
location and degree of curvature of all
sharp curves; the location and rate of all

" steep grades ; and the location and natuare

of all restrictions to road visibility which
might present a traffic hazard.

Tabulations and maps

The inventory data were summarized
in numerous tables. They were also used
for the preparation of a series of State
and county base maps, drafted in acecord-
ance with standards agreed upon by all
States, which for the first time show all
public roads and their surface types in

relation to the adjacent dwellings and |

other improvements. From these base
maps other series have been prepared,
showing school-bus routes, postal routes,
regularly scheduled truck and bus routes,
and a graphical representation of the an-
nual average 24-hour traffic volume on
every mile of rural road,

It was the intention to arrange for peri-
odic revigion of both the tabulated inven-
tory data and the several map series.
During the period of the war the essen-
tial continuing work was interrupted. It
has now been resumed and the data and
maps will be. brought up to date as
rapidly as possible,
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The Traffic Survey

The traffic survey congisted of several
phases, the two most important of which
were 2 determination of itraffic volumes
on all rural roads and the obtaining of
information concerning weights, heights,
lengths, and other characteristics of
trucks and busses.

Key stations

Traffic was counted at a comparatively
small number of “key”. stations and at
a much larger number of “coverage” sta-
tions, grouped in relation to the key sta-
tions. At the beginning, no mechanical
traffic recorders were available. The first
response of invention to need was the
development of a recorder of the photo-
electric type, but these were so expen-
sive that only a few could be used at care-
fully selected points. Where they were
used, an hourly record of the traffic was
obtained that was useful in the estima-
tion of hourly and daily variations,

Manual counts

The counting of traffic at all other.

points was accomplished by use of hu-
man observers,
ual counts. At each of the coverage
stations a single 8-hour count was made.
At the key stations eighteen &hour
counts were made during a 1-year period
at different times of the day, on different
days of the week, and in all seasons.
These more complete kKey-station counts
supplied the more accurate traffic esti-
mates needed on important roads, and
from them factors were derived by which
the single 8-hour coverage-station counts
could be expanded inte somewhat less
accurate estimates of the average daily
flow of traffic over the entire road
system,

The numbers of key and coverage sta-
tions operated varied according to the
judgment of need and available funds.
In the State of North Carolina, which
may be cited as representative of the
average practice, there were 216 key sta-
tiong and approximately 14,000 coverage
stations for 68,000 miles of road.

making so-called man-

Mechanical counters

More recently, portable nonrecording
mechanical counters have been developed
which can’ be purchased for about $40
each, These machines are now used in
place of the earlier manual counting, ex-
cept for purposes of vehicle-type classifi-
cation, and have completely changed traf-
fie counting procedures and schedules.

There are at present about 700 of the
more expensive fixed-type photoelectric
machines in use throughout the United
States. Many of these have operated
continuously at the same location since
the initial phase of the planning surveys,
10 years or more ago. They supply the
hourly data by which traffic trends
are meagured from year to year, and also
supply data for a research, the purpose
of which is to perfect traffic counting
schedules and determine the best and
most efficient length and spaeing of
counts,

Weighing stations

In the initial traffic survey, trucks and
busses were weighed and measured at sta-
tions located on the more important high-
ways. More than 234 million vehicles
were thus examined at some 3,000 sta-
tions distributed throughout the country.
The weighing stations were for the most
part identical with the key stations pre-
viously mentioned, and they were oper-
ated on the same schedule, i. e., eighteen
8-hour operations a year at each station.
The information obtained included the
type and manufacturer’s rated capacity
of the vehicles, the gross vehicle weight,
the load on each axle, the width, height,
and length of the vehicle, the commodity
carried, and when posgible the weight ot
the carried load, the origin and destina-
tion of the vehicle, and other pertinent
facts.

The information obtained at these
weighing stations has been of value in
the design of road surfaces and founda-
tions and has been particularly useful in
the consideration of essential regulatory
measures, notably in the formulation of
recommendations of the American Asso-
ciation of State Highway Officials con-
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cerning limits of the gize and weight of
vehicles degirable for uniform adoption
by the several States.

Beginning in 1942, and yearly since
that time, about 50,000 trucks have been
weighed and measured at about 450 sta-
tiong appropriately distributed through-
out the United States. The results of
these observations are usecd to determine
trends of change in vehicle dimensions
and weights, which are regularly re-
ported by the Public Roads Administra-
tion,

Financial, Road-Use, and Road-Life
Studies

The closely related financial, road-
use, and road-life studies were under-
taken to determine the existing condition
of the highway finances of the Stale
and all of its governmental subdivisions,
and supply further the basie data re-
quired for estimation of ability to finance
the future continuance of highway pro-
grams designed fo achieve and maintain
any ultimate condition of the entire
street and highway system found to be
desirable or necessary.

Finance

The purely financial phase congisted
of a correct and complete determination
for a single year of:

1. All forms and rates of taxation for
highway purposes imposed by the State
and all subordinate governments;

2. The totals of revenue accruing from
each form and rate of tax imposed by
each taxing jurisdiction, and the grand
total raised by all taxing means and jur-
isdictions;

8. The relative magnitudes of highway
revenues and the revenues collected for
all other purposes of government;

4, The incidence of the highway tax
burden upon road users and other bene-
ficiaries resident in each taxing juris-
diction

5. The amounts, terms, and interest
rates of all existing debt created for high-
way purposes by the State and all sub-
crdinate governments; and
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. The amounts and purposes (such ag
construction, mmaintenance,. engineering,
administration, debt charges, ete.) of all
highway expenditures by the State and
all subordinate governments,

The financial facts were determined in
part from the published tinancial reports
of agencies of government, and in part,
as necessitated by the absence of pub-
lished reports, from original financial
records.

Road use

The road-use study was designed to
determine the relative usage of various
parts of the entire highway system by
owners of motor vehicles resident in
varioud parts of the State, in rural and
urban areas, Data of the study were
obtained by personal interview with a
representative  sample of registered
motor-vehicle owners throughout the
State, eliciting from each owner the ex-
tent in miles of his annual travel and
the portions of the total travel that
utilized roads and street$ of the geveral
recognized systems, such as primary and
secondary rural roads and city streets.
It was possible in this way to determine
with substantial accuracy the propor-
tional amounts of travel, on each of the
road systems, originating in the various
governmental jurisdictions. Thig infor-
mation, correlated with the record of rev-
enue contributions to the several systems
by residents of the same governmental
jurisdictions, permitted the determina-
tion of relations hetween revenue con-
tributions of the several groups of con-
tributors to each system and the benefits
derived through usage of the several
systems by contributors of each group.
These relations bear usefully upon the
determination of equitable tax measures
and revenue distributions to the several
classes of highways.

Road life

The road-life study, as the name im-
plies, had for its purpose a determination
of the average service life of the several
types of road surfaces and the various
other elements of the highway, such as




its roadbed, drainage system, shoulders,
bridges, ete, With this information, ob-
tained by an analysis of the records of
surfaces and roadway elements pre-
viously construcited and depreciated, it
ig possible to estimate the amount and
cost of replacement that will be required
in each year of the future, and on the
basis of these estimates to schedule the
esgential construction and reconstruction
program and corresponding revenue
needs of a future period.

Urban Studies

As previously indicated, the study of
urban traffic movements was not in-
cluded in the original plan of the gur-
veys. This was due in part to a re-
luctance to add the cost of such studies
to the already large expense of essential
studies of the rural highway problem,
In part, however, it is attributable to a
failure to recognize, at the time, the
necessity and importance of the urban
gtudies. For these reasons the earlier
traffic studies were concerned with rural
highways exclusively ; and it was, in fact,
a most important discovery of the rural
studies that inspired the present great
interest in urban origin-and-destination
studies,

The bypoass theory

It had been. widely accepted that an
adequate accommodation of rural-road
traffic would necessitate invariably the
construction of bypass routes around the
cities, In the absence of any determina-
tion of the facts it was believed that a
large part of the traffic found on the
rural roads approaching cities was
“through traffic,” i. e., traffic bound to
points beyond the city, which would
therefore be best accompanied by rout-
ing around, rather than through the city.
Such routing, obviously of advantage to
the traffie, was believed to be desirable
also from the standpoint of the city, the
streets of which would be relieved of a
substantial volume of traffic tending to
congest them.

To test these beliefs, and ascertain

what volume of traffic such bypasg routes
would serve if provided, the vural traffic
counts made in the vicinity of some cities
included simultaneous counts at points
on all main approach highways where
these highways were intersected by cor-
don lines drawn about, and close to the
cities. At these points, in addition to a
connt of the vehicles passing, arrange-
ments were made to stop the vehicles
and, by inguiry of their drivers, deter-
mine where they were coming from and
where they were going. The surprising
result of most of these inquiries was a
finding that a large majority of the traf-
fic wasoriginated in the city or was
bound to points within the c¢ity, rather
than from and to more distant places.
Such external origin-and-destination
surveys, since made at many cities, have
by now demonstrated conclusively thut
the provision of city bypass routes must
be justified by the accommodation of a
small, rather than a large percentage of
the rural highway traffic, and that, in any
case, they may be expected to afford only
small relief to city street congestion,

Traffic bound for cities

Figure 10, which summarizes the re-
sults of many such origin-and-destination
surveys, made at cities of various popu-
lation groups; shows that, on the average,
95 percent of the traffic approaching a
city of over 500,000 population is bound
into, and not beyond the city, and nearly
20 percent is bound into the central busi-
ness district of the city.  Even at much
smailer -cities, those of 25,000-50,000
population for example, an average of
about 80 percent of the {raffic has itg
destination in the city, and in this case
about a third is destined to the central
business district.

Thege facts, developed by the rural
traffic studies, quickly demolished the
hope that a substantial relief of the grow-
ing congestion of city streets could be
effected by bypass routing of through
highway traffic, and brought convietion
that solution of the problem of conges-
tion' of city arteries can lie only in an
enlargement of the capacity of the city
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arteries themselves. This conviction has
gince heen strengthened by specific evi-
dence that the same streets that must
carry the principal part of city-entering
traffic, much of it bound to the city cen-
ter, are also streets that carry most of
the load of traffic moving daily from
homes within the city to places of work
in the business section, These streets,
as they approach the business center, be-
come the most heavily traveled and most
congested of all city streets,

pacity, many of them essentially of ex-
pressway character, a development that
would be continued with similar aid over
a somewhat extended period until the
expensive task is finished.

Urban Origin-Destin afibn Surveys

It was the necessity of estimating ac-
curately the volume of traffic that would
use the more attractive arteries to be pro-
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Figure T10.—Proportions of traffic approaching cities of various population groups which are
bound beyond fhe cify, lo the city, and lo the cenfral business district.

Expressways needed

The obvious conclusion that a substan-
tial and expensive enlargement of the
capacity of such city arteries must be
taced as inevitable, coupled with a recog-
nition of the difficuity the cities would
have in meeting unaided the large cost
of the required solution, were prominent
among the considerations which led to
the earmarking of an annual fund of
$125 million for expenditure only on
routes of the Federal-aid system in urban
areas, as one of the principal provisiong
of the Federal-aid Highway Act of 1944,

The intention was, by these means, to
assist the cities in making-a beginning
toward the develdpment of a system of
free-flowing main. arteries of ample ca-
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vided, as a basis for their design, that
prompted the beginning of the urban ori-
gin-und-destination surveys. Simple vol-
ume counts of traffic on the existing
streets would not suffice for this purpose
for two principal reagong: First, because
the existing volumes are determined more
by the available street capacity than by
the route preference of the traffic; and,
gsecond, because such counts would afford
no index of the volume of traffic that
would transfer to the superior facility to
be provided from less adequate, and pos-
sibly less direct routes it is now using.
The conclusion that only an origin-
and-destination type of survey would
serve was inescapable. But it was clear
that the roadside interview method that
had préviously been used for such sur-




i

veys at the cordon stations around the
cities, involving the stopping of vehieles,
would not he practieable of employment
on the heavily traveled streets of a city.
An entirely new method was required,
and the method devised aims to ascertain
the origing and destinations of the largely
repetitive movements of internally orig-
nated traffie, by interviews with pecople
in their homes. For this purpose, a rep-
resentative sample of the residence units
of the city is selected, a sample varying
from 1 in every 10 units in the smaller
cities to 1 in 20 for the large cities.

Information obtained

The sample chosen, personal inter-
views with the residents of the selected
houses elicit information conecerning all
of the trips made by all members of the
houschold on the weekday immediately
preceding the day of the interview,
What is sought ig the origin, destination,
and purpose of all trips made by any
means of conveyance, whether by auto-
mobile or mass transit. The information
thus obtained regarding the personal
movements of city residents is supple-
mented by data on the movements within
the city by other than city residents, ob-
tained at external cordon stations on the
main highways; and truck movements
are determined by interviewing a sam-
ple of truck owners. The combined sam-
ple data, when expanded by correct sta-
tistical methods, gives a clear picture of
a very large majority of all trips made
in the city on a typical weekday during
the period of the survey.

Controls

The accuracy of the survey results re-
lating -to automobile traffic is rigidly
checked by comparing the expanded in-
terview data indicative of trips passing
chosen “control points” and “screenlines”
with actual counts of the traffic passing
these points and lines. Control peints
are usually chosen at well-known bridges
or other landmarks easily identified, so
that it is possgible in the home interviews
to determine whether they were passed
in any of the trips reported. Screenlines
are barriers, such as a river or railroad,

‘stations.

with a limited number of crossings at
which traffic can be counted without ex-
cessive expense.

In the carefully conducted surveys
made since the war, about 90 percent of
the traffic passing control points and
screenlines during the 16 hours of opera-
tion of external stations has been ac-
counted for by the expanded interview
data. The other 10 percent is made up
mainly of cars circulating in search of a
parking place, of unimportant short trips
easily forgotten in the interviews, and of
trips by persons living outside the area
not intercepted at the external cordon
The missed trips are con-
sidered of minor importance so far as the
principal purposes of the survey are con-
cerned.

Figure 11 shows the control-point check
for the city of Baltimore.. As will be
seen, there is remarkable agrecment be-
tween the ground count and expanded
interview data for the 13 hours from 6
a. m. to 7 p. m. For this period 93 per-
cent of the traffic counted on the ground
is accounted for by the expanded inter-
view data. However, the period from 7
p. m. to 10 p. m., not shown in the figure,
brings this percentage down to 88.3 per-
cent for the 16 hours of external station
operation. For Seattle, Wash., and Port-
land, Oreg,, where surveys were com-
pleted more recently, the 16-hour checks
were 91.8 and 92 percent, respectively.

Desire lines of travel

The immediate, practical uge of the re-
sults of these urban traffic studies is the
determination of the location of express-
ways or other highway facilities which
will best serve traffic needs, and the esti-
mation of the traffic volumes which would
use such facilities after they are con-
gtructed. For the former purpose, a “de-
sire line” chart, such as the one for
Providence, R. 1., shown in the right half
of figure 12, is quite helpful, It shows
the major daily trip movements amount-
ing to more than 300 trips between any
pair of zones in straight lines from origin
to destination. The difference between
the desire lines of travel and the actual
routes conforming to the existing street
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Figure 11.—Baltimore fravel habif survey, 1945:
poinis as reproduced from inferviews on

system can be seen by comparing the two
halves of the figure,

In general, it has been found that the
congestion in the central business district
of a city is due in congiderable measure
to traffic which is only passing through
the district, and has neither origin nor
destination there. Thus, while a bypass
aronnd a city generally would give very
little relief to urban congestion (fig. 10),
an inner belt, passing around, but close
to the central business district would
give material relief to the congestion in
that area. Iigure 18 shows the origins
and destinations of traffic on an inter-
state route through a typical city of
50,000-100,000 population. From this il-
lustration it will be secn that slightly
more than half of the traflic entering the
central business district on the interstate
route could be routed around this area.
In contrast, note how small ig the volume
of external highway traffic that may be
hypassed around the city as a whole.

Travel habits

In addition to the data applicable to
immediate problems, much valuable in-
formation of a more general nature will
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come from the urban traffic studies when
the results are fully analyzed, It will be
possible, for example, to determine the
travel habits of residents of zones of dif-
ferent characteristics, and thereby antie-
ipate the kinds and volumes of traffic
which will be generated by a new resi-
dential development ; similarly, it will be
possible to determine the effect on traf-
fic movements of the concentration of
business and industrial developments in
certain areas.

Using and Publicizing the Data

Asg stated previously, the highway plan-
ning surveys were undertaken primarily
for the purpose of determining what
should be done to provide facilities ade-
quate for present and probable future
traflic needs, what are the financial re-
guirements for carrying out such a pro-
gram, and how the needed funds may
best be raised., In fulfillment of the first
two of these objectives, all of the State
highway departments are using the data
in their day-to-day operations, including -
design and programming of projects.
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Needs studies

The last of the three objectives, that
of determining how the nceded funds are
to be raised, is currently the concern of
special committees appointed by the leg-
islature or the governor, or otherwise
created, in a number of States. Similar
undertakings will eertainly he launched
in many additional States in the near fu-
ture. The bulk of information required
for consideration by these committees ig
already at band in the results of the high-
way planning surveys. '

In California, the first of such commit-
tees to be created, a joint fact-finding
committee of the legislature, has com-
pleted its work. Many of the recommen-
dations of the committee’s report, includ-
ing a 1¥%-cent increase in the gas tax,
have been enacted into laws.

In Michigan, another type of commit-
tee, including in its membership represen-
tatives of road-building and road-using
groups as well as public officials, has com-

-1}

pleted a report which will be presented
for recommended action by the legisla-
ture. In at least 10 other States similar
undertakings are immediately contem-
plated or in progress.
Mups

But it is not alone by legislative bodies
and highway officials that the highway
planning survey results are used. The in-
formation is made available to the gen-
eral public in numerous ways. For ex-
ample, the county maps, showing all roads
and cultural features in rural areas, are
printed in gquantity and sold at reproduc-
tion cost by the State highway depart-
ments. They are widely used by govern-
mental agenecies, research organizations,
business firms and associations, and pri-
vate individuals.

Traffic data

Each month the Public Roads Admin-
istration prepares and distributes a bul-




letin showing traffic volume trends. An-
nually, there ig published in DPublic
Roads magazine an analysis of trends
in truck weights and ton-mileages.
These estimates are regularly used by
manufacturers of automobiles and auto-
mobile parts and accessories, petroleum
products, and the assoclations operating
in these fields, as bases for forecasts on
which to plan their operations.,

Stafistics

Annually, and in some cases more fre-
quently, statistics are published on gaso-
line consumption, motor-vehicle regis-
tration, highway finances, and State and
local road mileages broken down by sur-
face type and width and other character-
isties. Beginning with 1945 data, the
practice hag been followed of issuing an-
nually the more commonly used highway
statistics in pamphlet form, under the
title Highway Statistics, 1945 (the yvear
being changed as required). A Highway

Statistics, Summary to 1945 has also been
published. The demand for these pam-
phlets is so large that the Public Roads
Adminigtration has been unable to under-
take free distribution. They can, how-
ever, be obtained cheaply from the Gov-
ernment Printing Office (see Bibliog-
raphy).

Thus, progressively, the massg of facts
which has been developed is = being
brought to the attention of every person
and agency having an interest in, or re-
sponsibility for highway matters, and is
beginning to influence thought and ac-
tion with respeet to the programming, de-
8ign, construction, and financing of high-
ways, and the regulation and taxation
of the vehicles that use them, Since the
data. are now being kept current, this
influence should continue and increase;
and highway development in the United
States will be placed on a much sounder
basis than would otherwise be possible.
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CONSTITUTION OF

One of the first and most important
uses of the great body of facts amassed
by the highway planning surveys is the
guidance they supply to a process of re-
systematization of the highways of the
country now in progress.

Origins

The existing system classification had
its origin in the assumption of highway
respongibility by the State and Federal
Governments in the early years of this
century, responsive to the emergent de-
mandsg of the motor vehicle. At the be-
ginning of the century the present dis-
tinctions were virtually nonexistent. Di-
rect responsibility for road administra-
tion fell almost completely upon the
county and lesser subdivisions of gov-
ernment. o

The demands of the rising motor-ve-
hicle traffic for more substantial road im-
provement, the inability of the weaker
local governments to cope with these de-~
mands, and the inception of new State-
collected taxes upon the motor vehicle
and its nse—taxes which from the begin-
ning have been regarded as peculiarly
appropriate for highway expenditure—
brought about, first, the segregation of
State highway systems and, later, the
designation of the Federal-aid system.

State and Federal-aid systems

The same principles guided the selec-
tion of both of these systems. Both were
intended 1o include the roads of most
general use and largest traffic concentra-~
tion—arteries of the longer highway
movements, as distinguished from the

greater mileage of more local and less

intensive usage. Both the Federal-aid
and State systems, at the time of their
original designation, were intended to
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constitnte programs for a period of con-
centrated Improvement effort. In the
beginning the roads included in the two
systems were little different in their
physical condition from other roads; but
the need for their improvement and the
degree of improvement required were
recognized as greater.

With a view to the concentration of
effort, the mileages included in the se-
lected systems—both State and Federal-
aid—were more or less arbitrarily lim-
ited. The Federal-aid wsystem, for in-
stance, was limited to T percent of the
existing total of rural-road mileage. The
State systems were variously limited in
other ways. In result, the roads chosen
were - generally those connecting the
larger citieg and towns of each State and
of all States, such location being the
most obvious criterion of the high degree
of importance intended as the test of the
geleetion. The availability of different
funds for the two systems—State funds
for the State systems, and State-matched
Federal funds for the Federal-aid sys-
tem—was, and remains, with the differ-
ence in their allowed extent, the princi-
pal difference between them. - It follows
that the two systems are virtually eoin-
cident to the extent of the smaller Fed-
eral-aid system.

Both of these overlapping systems of
primary highways were originally com-
posed of rural rcoads only, Later they
were both extended into and through
the connected cities, the sections within
citieg being still confined generally to the
essential trans-city connectiong of the in-
cluded rural highways.

" Secondary systems

After the original designation of the
two primary aystems, the larger re-
mainder of rural roads were left, ag they
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had previously been, under local control
Later, in some States, some further part
of this remainder came under complete
or partial State control as State second-
ary systems, variously financed with
State or combined State and local funds;
and, at the request, of the Public Roads
Adminigtration, partial systems of sec-
ondary and feeder roads were selected
for application of the small Federal ap-
propriations for roads of that class, made
in the deeade of 1930,

Rational Planning

In this latter designation the fivgt ten-
tative use was made of the factual infor-
mation obtained by the planning surveys.
All earlier system designations had heen
based upon ‘information far less exact,

In some part they had been undertaken.

by, or at the behest of State legislatures,
uypon congiderations that were political
rather than factual. In the light of the
knowledge gained through the planning
surveys, defeécts of judgment in these
carlier selections were clearly apparent,
and it was the purpose o avoid such de-
fects in the selection of the system of
Federal-aid secondary and feeder roads.
An excellent beginning was made ; but the
Tunds available were discouragingly inad-
equate and, in the absence of clear legal
sanction of its use, the attempted rational
selective process was somewhat ahontive,

Toll Roads and Free Roads

The first opportunity created by law to
employ the more rational process oe-
curred when, in 1938, the Federal Con-
gress called upon the Chiet of the Bureau
of Public Roads to investigate the feasi-
bility of a national system of transcon-
tinental toll roads and make a report of
his findings. The investigation made ef-

fective use of the planning survey infor-

mation then in hand to discourage the
contemplated toll-road system, and the
report rendered wunder the title, Toll
Roads and Free Roads, presented as a
more desirable alternative the designa-
tion of a system of interregional high-
ways to be developed with Federal aid

as toll-free arteries of long-distance
travel. Such a system was tentatively
defined by the report, which proceeded
further to recommend that “a final deter-
mination of the loeation of such high-
ways should be made after further study
in which the Bureau of Public Roads
would cooperate with the War Depart-
ment and the State highway depart-
ments,”’

Interregional Highways

To test the validity of the latter sug-
gestion President Roosevelt, in 1941, ap-
pointed a committee, known as the Na-
tional Interregional Highway Committee,
under the chairmanship of Public Roads
Commissioner Thos; H. MacDonald. The
report of this commitiee, submitted to the
President in 1944 and immediately trans-
mitted by him to the Congress under the
title, Interregional Highways, approved
the previous proposal of an interregional
systemn and recommended as a basis for
further consideration a system of approxi-
mately 84,000 miles. In his endorsement
of the report, the President requested
early action by the Congress to author-
ize the formal designation of such a sys-
tem by joint action of the Federal Gov-
ernment and the several State highway
departmenis. This request was promnptly
answered by inclusgion, in the Federal-aid
Highway Act of 1944, of a provision di-
recting  the designation of a National
System of Interstate Highways, not ex-
ceeding 40,000 miles in total extent, by
joint action of the State highway depart-
ments of each State and the adjoining
States, as provided by the Iederal High-
way Act of November 9, 1921, for the
selection of the Federal-aid system. By
the refercnce to precedent law, the des-
ignation to be made initially by the co-
operating State highway departments was
subjected to approval by the TFederal
Works Administrator acting through the
agency of the Public Roads Administra-
tion.

The National System of Interstate Highways

Following the process thus legally de-
fined and employing methods of rational
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selection exemplified in the report, Inter-
regional Highways, the greater part of
the National System of Interstate High-
ways (approximately 87,800 miles) has
since been designated, A further selec-
tion of routes, principally within the con-
nected urban areas, remaing to complete
the 40,000-mile system authorized. Asg
specifically directed by the 1944 aci, these
designated routes, if not already included
in the Federal-aid highway system, have
been added to that system without regard
to the previously imposed limitation of
mileage of that system.

The Federal-Aid Systems

The methodr of rational system selee-
tion, founded upon factual information
provided by the highway planning surveys
and thoroughly tested in the designation
of the interstate highway system, are now
being employed in the selection of roads
to comprise the systems of principal sec-
ondary and feeder roads for which en-
larged Federal-aid funds are made avail-
able by the act of 1944 and supplemen-
tary legislation enacted by the Congress
in June 1948, Similar methods charae-
terize a gradual procesg of revision of the
Federal-aid and State highway systems,
as these systems, in the light of the more
exact information now available, are
found in some respects to be inadvisedly
constituted.

Primary

The Federal-aid primary system, as at
present constituted, includes 232,000
miles, of whieh about 13,000 miles (sep-
arately termed the Federal-aid urban sys-
tem) are within urban areas delimited
by direction of the Federal-aid Highway
Act of 1944 around and including all
cities of 5,000 or more population.

Included in the Federal-aid primary
system, and forming its core of the most
direct routes connecting the larger cities
of the country, is the National System of
Interstate Highways, now of a total ex-
tent of 37,800 miles,

By further rational selection additional
mileage within urban areas will be incor-
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porated in beth of these systems. The
mileage that may be added to the inter-
state system is limited by law to about
2,200 miles. Beyond thig, the urban mile-
age that may be included in the Federal-
aid system is limited only by a rational
determination of the need for city ter-
minal and distribution faeilities of the
gystem.

The primary routes of the State high-
way systems at present add to a total of
372,000 miles. Thusg these systems, which
include the routes of the Federal-aid pri-
mary system, exceed it in total extent by
about 140,000 miles.

Secondory

The Federal-aid secondary system,
now in process of selection, included, in
1948, about 378,000 miles. This total
embraces much of the mileage of the
State primary systems not included in
the Federal-aid primary system and, in
ity remainder, includes many roads that
are parts of the previously designated
State secondary systems and a large
mileage presently under the administra-
tive control of county and lesser govern-
ment authorities. By further rational
selection, the size of the Federal-aid
gecondary system will be enlarged to a
probable total approximating 511,000
miles. The enlargement will incorporate
mainly an additional mileage now: under
local .government control; but will in-
volve some transfer of roads to the sec-
ondary system that are still inadvisedly
included in hoth the Federal-aid and
State primary systems.

Upon completion of the indicated proc-
esses of addition and readjustment, the
three Federal-aid systems (primary, ro-
ral and wurban; and secondary) will
probably embrace approximately 750,000
miles, rationally selected, and clagsified
approximately as follows:

Miles

Primary system (rural)_-_ 218, 000

Urban system o 21, 000
Secondary system—____. 511, 000
Total e 750, 000




Correlation with State systems

With the attainment of this approxi-
mate -goal of system designation in ac-

cordance with Federal law, the confus-

ing overlapping that presently exists
between the Federal-aid and State and
local road systems will remain in the
absence of corrective State legislation.

Expectation that such corrective and
simplifying action will eventually be
taken is encouraged by the increasing
respect that has been won for the new
rational processes employed in the
Federal-aid system degignation, and by
the necessities of practical operation
under the Federal law.

The strength of the latter inducement
lies in the fact that the Federal funds
authorized for improvement of the
Federal-aid secondary system are mateh-
able with State funds only if they are
expended upon those portions of the
Federal system that are also included in

“either the State primary or secondary

systems, Application of the Federal
funds to improvement of the large part
of the designated system now under the
administrative control of local govern-
ments depends upon the slender ability
of such governments to contribute match-
ing funds for expenditure under the

supervision of the State highway depart-
ments, Under the Federal law, the Stdate
highway departments assume a respon-
sibility for the maintenance of roads so
constructed with locally contributed
matching funds. For the discharge of
this responsibility the State highway de-
partments now depend upon agreements
of doubtful binding effect with the local
government authorities. Faced with this
difficulty, the States may be expected to
find a satisfactory solution only by as-
suming control over the additional mile-
age of roads involved; and it is egually
to be expected that when the combined
primary and secondary road respon-
sibilities of the Kederal and State gov-
ernments are thus committed to an iden-
tical total of mileage, the subdivision of
the total into primary and secondary Sys-
tems will be brought into identity.

The probability of this eventuality is
enhanced by the logic of the facis, as de-
veloped by the planning surveys, that by
such a course the superior means avail-
able to the Federal and State govern-
ments, applied to the improvement of less
than 23 percent of the entire rural-road
mileage, would serve to facilitate up-
wards of 85 percent of all rural-road
traflie,
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SOME FACTORS DETERMINING GEOMETRIC DESIGN STANDARDS

Another significant advanee of the last
10 years, which ig a direct result of the
more .exact information concerning road
usage that has resulted from the plan-
ning surveys, is the advance that has
been made in the development of im-
proved standards for what is here termed
the geometric design of highways. The
etymology of the term may be a little
strained, Its scope and meaning, never-
theless, uniformly understood throughout
the United States, relate to the features
of alinement and profile, the plan of in-
tersections, the clearances, and the hori-
zontal dimensions of the highway cross
section,

These are the features of road design

that are most directly affected by increase .

of the volume and speed of traffic. It
will be readily understood, therefore, that
they are the features in which, as they
are represented in the older highways,
there has been the highest degrec of oh-
solescence. To avoid the probability of
such rapid obseolescence of highways of
current design, a great deal of study has
been devoted to the dynamics of high-
way movement; and the results of thig
study, combined with the evidence of
traffic growth and distribution and other
information resulting from the planning
surveys, form the basis of the newer geo-
metric standards which have gained
wider acceptance in recent years.

Design Speeds

To determine the sgpeeds for which
highways should be designed, considera-
tion has been given to the speed capaci-
ties of motor vehicleg, the observed speeds
at which vehicles are driven, and the va-
rious factors that affect these speeds.

Figure 14 shows the trend in speed
records set by Ainerican stock cars.
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These are the vehicles that are present in
everyday traffic. In 1925, only the high-
priced cars were capable of exceeding
60 miles an hour. Today we find that the
average low-priced car can exceed 80
miles per hour and those in the high-
priced field can exceed 90 miles per hour.
Top speeds, however, have been leveling
off after the rapid rise of the late twen-
ties and early thirtics. Since 1934, there
has been no appreciable increase in the
top speeds of low-priced cars and only
a slight gain in the top speeds of the
higher priced groups.

Driving speeds

The trend in driving speeds has been
running roughly parallel with the avail-
able top speeds of motor vehicles, Re-
sults of observations made in 1934 and
1932 on the same highways show that
drivers uninfluenced by other traffie tray-
eled at nearly the same gpeed during
both years. Speeds during the past year
have returned to the level maintained
just before the war, with the greatest
number of drivers traveling between 45
and 50 miles per hour when uninfluenced
by other traffic. Only a scaitered few
travel faster than 60 miles per hour, a
specd at least 20 mileg per hour bhelow
the speed capacities of their vehicles.
This is shown by figure 15, representing
ideal highway conditions, the only limit
on speed being the driver’s own idiosyn-
crasies and inhibitions. The average
speed is about 49 miles per hour. Aver-
age speed during low traffic volumes on
some highways is between 50 and 55 miles
per hour, but these instances are rela-
tively few.

There is no doubt of the possibility of
designing vehicles capable of higher
speeds. Other factors, however, includ-
ing personal traits or limitations of the
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drivers, increased use of the airplane for

long-distance fravel, and economic con-
giderations of highway design, indicate
that the tendency in the future in relation
fo the main highways will be to increase
averuage speeds by reduction of the num-
ber of vehicles that travel atf the lower
speeds.  This will result from the pro-
vision of highways with controlled ac-
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Figure 15.—Frequency distribution of speeds of
free-moving vehicles on modern high-speed
highways.

cesg and few infersections at grade,
rather than from an increase of top
speeds,

Driver characteristics
Investigations by the Public Rouds

"Administration regarding characteristics

of individual drivers have shown that, on
an average, persons traveling long dis-
tunces drive faster and generally have
newer cars than local travelers; young
persons drive somewhat fagtee than older
persons ; men drive somewhat faster than
women; and the newer vehicles are
driven fasfer than older vehicles, The
length of trip, however, 18 the ontstand-
ing factor influencing the speed at which
drivers travel, as shown by figure 16,
Highways built to accommeodate a high
percentage of drivers traveling on long
trips should, therefore, be designed for
higher speeds than highways on which
{rips are predominantly short.
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The studies afford no justification for
a design of highways to accominodate
speeds in excess of T0O miles per hour
under any condition. For local rural
roads or urban facilities a design speed
of 50 miles per hour is the highest that
can be justified. During peak traffic vol-
umes in rural aveas, drivers do not con-
sider the highway too congested if they
can maintain a speed of 45 to 50 miles
per hour on the ordinary highway and 50
to 56 miles per hour on the highest type
of facility. A speced of 30 to 35 miles per
hour is considered satisfactory by most
drivers during peak periods on urban
expressway facilities.

Width of Trafic Lanes

No features of a highway have a greater
influence upon the safety and comfort of
driving than the width and condition of
the surface. 'The need of a smooth, non-
skid, all-weather surface on highways
carrying substantial volumes of traffic is
obvious. The required surface width is
not obvious, and was not apparent until
extensive studies had been made of ve-
bicle speeds, vehicle placements, and the
clearances between vehicles traveling in
the same and opposite directions on sur-
faces of different widths. Figures 17,
18, and 19 show the average results of
these studies on two-lane highways for the
most critical conditions, which oceur
when a vehicle meets another vehicle
traveling in the opposite direction.

Pavement and shoulder widths

The following are a few of the results
of such studies, made at hundreds of loca-
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tions and including observations on thou-
sands of vebicles under actnal highway
and operating conditions:

1. To permit desired clearances for
commercial vehicles a 24-foot pavement
is required. 'When a passenger car meets
a commereial vehicle on a pavement 22

‘feet wide, the passenger car hag the de-

sired center and edge clearances, but the
commercial vehicle does not.

2, Hazardous trafic conditions exist
on pavements less than 22 feet wide that
earry even moderate volumes of mixed
traffic. On 18-foot pavements with grass
or gravel shoulders, 11 percent of the
drivers of trucks and 5 percent of the
drivers of passenger cars fail to keep their
vehicles within their proper traffic lane
when meeting oncoming traffic,

3. Bituminous-treated shoulders, 4 feet
or more in width, adjacent to 18- and 20-
foot pavement, increase the effective sur-
face width approximately 2 feet.

4. Well - maintained grass shoulders
have the same effect on the transverse
pogition of moving vehicles as well-
maintained gravel shoulders.

5. Shoulder width in excess of 4 feet
does not influence the effective pavement
width for moving vehicles when there
are no vertical obstructions immediately
adjacent to the shoulders. This must
not be interpreted, however, as implying
that shoulders wider than 4 feet are not
necessary for other important reasons.

6. Lip curbs on 20-foot pavements re-
duce the total effective pavement width
during the day approximately 1 foot. At
night this is true only for commercial
vehicles.

Width of bridges

Closely related to road-surface widths
iz the width of bridges necessary to pro-
vide operating conditions consistent with
those on- the normal highway section.
The results of the studies show that an
18-foot pavement with 3-foot shoulders
requires a bridge with a roadway 26 to
28 feet in width if it is of an open-deck
type (fig. 20). This required width in-
creases to 28 or 30 feet when the total
roadway width is increased to 34 feet and
the pavement is either 20 or 22 feet wide.
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A truss bridge must be 4 or 5 feet wider
than an open-deck bridge to provide com-
parable operating conditions.

Roadside obstacles

Also closely related to decisions upon
the surfaced width of a road is the clear
distance that will exist between roadside
ohstacles of one kind or another and the
edge of the pavement. The results of a
study conducted by placing vehicles and
barricades at different distances from the
pavement edge, combined with the re-
sults of studies conducted at places where
retaining walls, bridge piers, ete., were
near the pavement edge, demonstrate:

1. That obstacles at the edge of an 8-
foot lane cause vehicles to travel 3.8 feet
farther from the edge of the pavement
than when the obstacles were not present,
The same obstacles at the edge of a 10-
foot lane cause vehicles to travel 2.6 feet
farther from the edge of the pavement;
and where lanes are 12 feet wide they
cause vehicles to travel 1.8 feet farther
from the edge of the pavement. -

2. That when an obstacle is 4 feet
beyond the edge of the pavement, the dis-
tance between the vehicle and the pave-
ment edge is increased 0.8 foot on 8-foot

lanes, 0.7 foot on 10-foot laneg, and 0.5
foot on 12-foot lanes, Such roadside ob-
stacled, therefore, have the same effect ag
a reduction in the pavement width.

3. That obslacles within 6 feet of the
edge of a traffic lane influence the posi-
fion of traffic in that lane to some extent
but the effect is almost negligible for dis-
tances exceeding 4 feet.

Relation of Vehicle Perform&nce and
CGeometric Standards

One of the most important problems
confronting the highway designer is the
gelection of gradients, in conjunction
with curvature and sight distance, that
will result in a gafe and efficient flow of
traflic, For many ycars, there has bheen
criticism of operators of commercial ve-
hicles because their trucks go so slowly
upgrade that long queunes of passenger
cars are formed behind them, and then
go So fast down the other side that no one
can pass. There is justification for the
complaints, for the situation is found
universally throughout the country on
two-lane highways. However, the blame
shoald be shared by the highway de-
signer as well as the truck operator.
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Effect of grades

Efforts have been made and are being
made to remedy this situation by legal
measures which specify that a truck must
be loaded with respect to its engine horse-
power so that it can maintain some stated

'speed, commonly 20 mileg per hour, on

specified grades, usually 3, 4, or 5 percent.
The highway designer has been attack-
ing the problem by working toward grade
reduction. Bxhaustive studies of the
hill-climbing ability of commercial ve-
hicles, conducted by the Public Roads
Administration, have developed informa-
tion that has particular significance in
connection with this problem.

A detailed report of the studies, pub-
lished in Public Rouads for May 1942,
contains the following conclugions:

1. Grades must be reduced to 3 percent
or less, or

2. Engine power must be more than
doubled, or

3. Grosg vehicle weights must be re-
duced excessively, or

4, Some combination of the three mnst
be used that will still be costly to all in-
terests involved and practically impos-
gible of immediate application.

Figure 21 shows the grade ability of
lizght-, medium-, and heavy-powered ve-
hicles in operation in 1941, The light-
powered vehicles had engines which, on
an average, would develop 93 brake
horsepower; the medium-powered ve-
hicles had engines which, on an average,
would develop 106 brake horsepower;
and the heavy-powered vehicles had en-
gines which would develop, on an aver-
age, 115 brake horsepower. At the pres-
ent time, light-powered vehicles will
develop nearly the same brake horse-
power ag those considered medium-
powered in 1941,

The effect on the truck operator of a
minimum performance requirement is
seen in figure 21. The vehicles repre-

sented by the curves for heavy-powered

vehicles are typical of those that when
fully loaded would have a gross weight of
about 40,000 pounds. This figure shows
that combinationy weighing 40,000 pounds
gross could maintain a speed of 20 miles

per hour on grades of 3 percent and 13
miles per hour on grades of 5 percent. To
maintain 20 miles per hour on a 5-percent

grade would require reducing the gross

weight to 27,000 pounds, or, in effect, re-
duecing the payload from about 12 to 6
tong. What would this do to highway
trucking and how many passenger-car
drivers would be content to trail a truck
moving at 20 miles per hour?

There is no doubt that something must
be done, but it is believed that the com-
prehensive golution lies within the realm
of highway design. The highway engineer
has been attempting to speed up truck
movement by grade reduction; but in
many cases adherence to some gtandard-
ized maximum gradient has necessitated
the introduction of so much ecurvature
that passing gight distance on grades has
been sacrificed. It iz not suffieient to con-
gider the various elements of design such
as gradient, curvature, and sight distance
independently. There is little value in the
reduction of grades or flattening of curves
per se,

Tests of traffic performance

The Public Roads Administration, in
cooperation with one of the State high-
way departments, has recently conducted
exhaustive tests of traffic performance,
first on an old road and subsequently on a
relocation of improved alinement. "The
new road is slightly shorter, 20.7 miles
against 21.3 for the old. Each road
erosses the same two ridges. In so doing
the new road reaches the higher elevation,
1,242 feet, compared with the 1,070 feet
reached by the old road. The total rise
west-bound on the new road is 2,138 feet, "
compared with 2,392 on the old, an ap-
parent slight advantage for the new.
Actnally, however, if the short momentum
grades, of 25-foot rise or less, arededucted
in each case, the comparison becomes
2,085 feet of rise for the new against 2,070
for the old location. Thus, in length and
in effective rige and fall, there is little to
choose between the two locations. More-
over, on each road, grades range as steep
as 8 percent, and on each, heavy grades
run a mile or more in length, 'The Dbig
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difference between the two roads lies in
the percentage of the total léngth of each
that permits passing. On the old road
48.8 percent in one direction and 45.6 in
the other, or nearly half of the total
length, was marked for no-passing. On
the new road only 12.2 percent of the
length in one direction and 11.6 percent
in ihe other will not permit safe passing.

Results of study

Table 2 shows some very interesting re-
sults of this study. The speeds of trucks
and combination units over the new and
old roads, as will be obgerved, are not
widely different, but there is a definite
advantage in favor of the new road. The
inereasced speed on the new road is prob-
ably caused by the opportunity to drive
faster on the down grades. On the old
road, down-grade speed ig refarded by the
curvature, while on the new road good
sight distance and tangent alinement al-
low higher speeds.

Table 2.~Average speeds of vehicles aver old
“and new roads

Average
speed in
miles per

" Vehicle type hour

old
road

New
road

Typical 2Zaxle single-umit trucks
with. 150-200 pounds of gross weight
per maximum horsepower. ________ 28.5 | 33.7

Typical combination units with 300- |
350 pounds of gross weight per‘

22.7) 257
33.6  42.5

L

maximim horsepoOwer.. ...
Passenger cars_ ... .. __ ... ..

Passenger-car speeds, shown in the
bottom line of table 2, demonstrate the
real advantage of the new alinement,
Average speeds have increased from 33.6
miles per hour on the old road to 42.5
miles per hour on the new, Thig
amounts to a time saving of over & min-
utes per passenger car in travel between
the common termini. Spot speed studies
made at many points along each road in-
dicate that the reduced travel time on
the new road is not the result of excessive
speed but results rather from the reduc-
tion of delays caused by inability to pass
slow-moving vehicles on the upgrades.

820193°--49---8

These resylts should not be construed
ag an endorsement of the particular aline-
ment or of Spercent grades in general
It i8 possible that some other location
would have provided egually good operat-
ing characteristics with lower grades,
However, the results do point to the fact
ithat freedom of movement for passenger
cars may be attainable with steep grades
and long sight distances. 'The compre-
hensive and economical solution of the
problem, in some instances at least, ap-
pears to lie in a use of steeper grades and
adequate sight distdnce, rather than .in
a reduction of gradient and inadequate
sight distance, or in adequate sight dis-
tance achieved at great cost,”

Added lanes on hills

Another means available to the high-
way designer for eimination or lessening
of the congestion that is created by heavy
vehicles crawling up hills is the construe-
tion of “added lanes” or “truck lanes™ on
the uphill side of the grades, This
method has been employed by several
States with excellent results. It must be
remembered, however, that the solution
is a localized one and might be impracti-
cal of application in certain types of ter-
rain, especially where the road is located
on the wide of a mountain,

In deciding upon. the advisability of
adding a “truck lane,” important con-
siderations are the lengths to which var-
jous gradients may be extended in the
presence of different total traffic volumes
pefore an added lane beconies necesgsary,
and the location of the points where the
added lane ghould start and end. It is
evident that an added lane is not needed
on a short grade, and need not necessar-
ily start at the bottom of a long, steep
grade, becanse the momentum of the
heavy vehicle plus its driving power will
keep its speed above a reasonable mini-
mum of, say 30 miles per bhour until the
vehicle has traveled a certain distance
up the grade. Since savings in construe-
tion costs will result by starting the
added lane some distance up the hill, and
since this is a practical solution, es-
pecially where the climb congists of sev-
eral gradients with a moderate grade
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near the bottom, it is necessary that the
momentum and driving power of the
trucks be carefully considered.

The relationships between speed of
trucks at the bottom of a hill, percentage
of grade, and distance upgrade are shown
in figure 22 for light-powered motor
trucks or combination units and in figure
23 for medinm-powered motor trucks or
combination units. Gross vehiele weights
of 10,000, 20,000, 30,000, and 40,000
pounds are considered for both the light-
and medium-powered vehicles. These
relationships have been derived from the
results of hill-climbing studies reported
in Public Roads for May 1942. From
these data, for the power and gross
weights of vehicles represented, it is pos-
sible to determine how far a vehicle,
starting its climb from any speed be-
tween 9 and 41 miles per hour, can travel
up various gradeg or combinationg of
grades before the speed is reduced to
any desired minimum. The solid eurves
in the figures indicate the performance
that may be expected when the beginning
speed is above the possible sustained or
crawl speed. The broken lines, starting
at 9 miles per hour, show what perform-
ance may he expected when the hill is
approached at crawl sgpeed.

For example, it ean be determined that
a 40,000-pound medivm-powered truck,
starting at 41 miles per hour, can climb
1,000 feet of 2-percent grade and 200 feet
into a following 6-percent grade before its
speed is reduced below 30 mileg per hour,
Thig is determined by wusing the set of
curves marked ‘grogs weight, 40,000
pounds” in figure 23, Following the

solid 2-percent curve to the 1,000-foot up-

- grade distanee, it is found that a 2-per-

cent grade will slow Lhe vehicle to 35
miles per hour, which in turn will be the
entering speed for the 6-percent grade.
The solid 6-percent curve intersects the
35-mile-per-hour ordinate at an upgrade
distunce of abouf 300 feet. Subtracting
thiz 300 from 500 feet, the point where
the golid 6-percent curve intersects the
30-mile-per-hour ordinate, results in 200
feef.

If, then, the section of 6-percent grade
is longer than 200 feet and it is desired
by provision of a “fruck lane” to avoid
obstruction of fagter vehicles by trucks
of the power and gross weight consid-
ered, moving at less than 30 miles per
hour, the added lane should be started
on the hill described soon enough for the
trucks to be in it when they have gone
1,200 feet up the grade.

Table 3 shows the distances light-
powered trucks and combination units of
30,000-pound gross weight and medinm-
powered trucks and combination units of
40,000-pound gross weight can travel up
various grades before their speeds are
lowered from various entering speeds to
30 miles per hour. This table was de-
rived from the data shown on figuresg 22
amd 23, Under other conditions, ag where
more than a single percentage of grade is
involved, it is necessary to obtain the in-
formation direct from figures 22 and 23.
There is little difference between the up-
grade distances indicated for the light-
powered vehicles with 30,000-pound loads
and the mediuvm-powered vehicley with
40,000-pound loads.

Table 3.—Distances from bottom of grades at which trucks and combinations of 2 clusses and
gross weights will be reduced to 30-mile-per-hour speed from various entering speeds

Light-powered trucks and combination | Medimm-powered trucks and comnbing-
units of 30,000 pounds, from entering tion umits of 40,000 pounds, from
Grade speeds of— entering speeds of—
50m, p. h.|45m, p. h‘;4o m, p. h.|35m. p, b.|60 m. p. h.|46 m. p, h, |40 01, p. h.lsﬁ m.p. b,
Percent Feet Feet Feet Fegf Feet Feet Feet Feet
2 . 3, 840 2, 920 2,000 1,080 3, 500 2, 850 1,800 940
TS 2,170 1, 630 1,080 550 2,070 1, 850 1,030 510
4 o 1,530 1,140 7680 70 1, 560 1,120 740 360
L PRI 1,160 20 570 280 1,10 830 550 270
[ e 950 710 70 230 930 690 45 210
7 e 790 590 390 190 780 580 380 180
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Gross loads of 40,000 pounds on
medium-powered trucks will probably not
oceur with sufficient frequency on most
of our main rural highways to justify
basing the road design on these vehicles
alone, Light-powered trucks with gross
loads of 30,000 pounds, however, will
occur with sufficient frequency on most
main highways to affect seriously the op-
eration of passenger vehicles unless suit-
able provision is made in the alinement
and other design features of the road.

Effect of Geametric Standards on
Highway Capacity

The capacity of a highway is its ability
to accommodate traffic. It is expressed
ag the number of vehicles traveling at a
given speed that can pass a point on the
highway in a specified period of time. If
the demand imposed by traffic upon a
highway is greater than itg capacity for
a reasonable speed, the facility becomes
congested and some type of improvement
is needed. A knowledge of highway capa-
city is essential, thercfore, to the determi-
nation of standards necessary to provide
satisfactory operating conditions for
various volumes of traffic. Such knowl-
edge is also important in appraising the
adequacy ol existing highways, and in

anticipating the length of the future pe-
riod during which a particular facility
may bhe expected to provide satisfactory
service before hecoming ' unreasonably
congested,

Speed and capacity

With a low traffic volume, drivers are
free to exercise their pwn initiative re-
garding the speed at which they will
travel. As the number of vehicles using
the highway increases, the manner in
which each vehicle is operated is influ-
enced to a greater extent by that of the
slower vehicles. Finally, if the density of
traffic becomes sufficiently great, all ve-
hicles will travel at the speed of the
slowest group of vehicles and the highway
will be loaded to its possible capacity.
Figure 24 shows the maximum number
of vehicles, traveling in a single lane,
that ean pass a point at different speeds,
Maximum possible eapacities for faecili-
ties having different numbers of lanes
are as follows, when roadway conditions
are ideal:

Two-lane highways—=2,000 passcnger
cars per hour (total in both directions).

Three-lane highways—4,000 passenger
cars per hour (total in both directions).

Four- or more lane highways—2,000
passenger cars per hour per lane.

3,000
{ LEFT LANE OF 4-LANE HIGHWAY
W 2,500
E
- 2 LANE HIGHWAY i .
w | L—""] I
Z 2000 | —
3 - LANE. HIGHWAY
= L-—-————><
[+ 4 "7
2 1500 i . N t —- T~
£ ﬂ ‘ L RIGHT LANE OF £-LANE HIGHWAY
o«
o J 2- LANE ‘HIGHWAY AT NIGHT/
w1000 1
g / I
L
3 .
> 500 A —
0 _ :
o s 10 15 20 25 30 35 40 45 50 55 60

SPEED-MILES PER HOUR

Figure 24.——Maximum capacity of a fraffic lane, based on average spdcings, befween pairs of
vehides traveling at the same speed,
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When the ahove volumes occur, speeds
are about 30 miles per hour, These ca-
pacities cannot occur at speeds appre-
clably higher or lower than 30 miles per
hour, as illustrated in figure 24.

Practical working capacity

The bhigh degree of restraint placed
upon every motorist when the possible
capacity of a highway has been reached
results in driving conditions that are
wholly intolerable, Drivers demand and
are entitled to receive some freedom in
their selection of speed and their ability to
manetiver. The maximum volume that
will permit a reasconable degree of free-
dom from congestion may be termed the
practical working eapacity of the facility.
Its magnitude depends in large measure
upon local conditions. For rural areas,
it ig generally felt that operating condi-
tiong are satisfactory so long as the driv-
ers who so desire may travel at average
speeds of 45 to 50 miles per hour without
undue hazard.  On roads having a lane
width of 12 feet and excellent aline-
ment, such speeds can be attained with
the traffic volumes shown below, for
highways of different nummbers of lanes:

Two-lane highways—~800 passenger cars
per hour {total in both directions).

Three-lane highways—1,500 passenger
cars per hour (fotal in both directions).

Four- or more lane highways—1,000
passenger cars per hour, for each of the
lanes in the heavier divection of travel,

The average speed of all traffic under
these volume conditions would be about
40 miles per hour, but the drivers who so
desire would be able to average 45 to 50
miles per hour. If a lower average
speed is satisfactory, the practical ca-
pacities would be somewhat higher. On
multilane expressway faeilities in urban
areas where the flow is uninterrupted, for
example, a volume of 1,500 passcnger cars
per lane per hour iz practicable for the
lanes in the heavier direction of travel.
The average speed at this volume would
be about 30 miles per hour but drivers
who so desire would be able to average
38 to 40 miles per hour with safety.

Rouadway and traffic conditions are
seldom ideal; hence the volumes guoted
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above are greater than the ordinary high-
way is capable of aceommodating with a
reasonable d_egree of freedom to vehicle
operators. A number of conditions can
cause a reduction in the practical capaei-
ties given above. The more important
of these are discussed in the following
paragraphs,

Narrow lanes

Narrow lanes have a lower capacity
than 12-foot lanes, which are at present
considered necessary for heavy volumes
of mixed traffic. Factors which have
been developed for computing practical
capacities of lanes lesg than 12 feet in
width are shown in table 4,

Table 4.—Effect of lone width on practical
capacilies

; Multilane
Lane width %lz;%gglglral urban express-
o Ways

Percentage of 15-foot lane capacity
100 ! 100

86 97
77 91
0 81

Table 5.—Effect of restricted lateral clearance
on practical capacities.

Clear- Effcetive width of 2 lanes
ance -
mefIBL_ Obstruction on \ Obstruction on
P one side ) both sides
edge to [——————— e
obstruc- ' 2. | 11 | 10- ] | 1|
O foot | foot | foot | foot | foot | foot
lanes | lanes | lanes | Ianes | lanes ! lanes
Feet Faet | Feet | Feet ‘ Feet | Feet ‘ Feet
[ 24,0 12207 20.0 1] 240220 20.0
4 .. 23.5 | 2.5 | 10.6 | 23.0 | 2L.0 | 19.2
2.__._.:122520.6}188)2.0)19.3 175
0. k 21 19.3 \ 17.5 | 180 \ 18.5 [ 15.¢

Restricted Tateral clearances

Vertical obstructions, such ag retain-
ing walls, bridge trusses or headwalls,
and parked cars reduce the ecffective
width of a traffic lane, The extent of
reduction in capacity may be determined
from table 5, in conjunction with the
factorgs listed in table 4. In addition to
their effect on eapacity, lane width and
lateral clearances also alfect driving com-
fort, accident rates, ete., which the re-
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lationships shown by these tables do not
inelude.

Narrow shoulders

Narrow shoulders reduce the effective
width of a traffic lane by causing vehi-
cles to travel nearer the center of the
pavement. The greatest detrimental ef-
fect upon capacity is created when dis-
abled vehicles, of which there is an aver-
age of at least 1 for every 10,000 vehicle-
miles, are unable to park clear of the
traffic lane. The effect of either of these
conditions upon capacity may be deter-
mined by use of the information given in
table 5, using in the first case the width of
shoulder as the clear distance to the ob-
struction, and a zero clearance for the
pavement width not occupied by the
parked vehicle in the second case.

Commercial vehicles

Commercial vehicles oceupy a greater
road space and influence other traffic over
a larger area of the highway than do pas-
senger cars because they generally travel
at lower speeds, especially on grades.
When a highway is operating at its ca-
pacity the total number of vehicles is
therefore less, if there are any commer-
cial vehicles, than if traffic is composed
entirely of passenger cars.

In relation to highway capacity, one
commercial vehicle has approximately the
same effect as two passenger cars in
level terrain and four passenger cars in
rolling terrain. In mountainous terrain
the effect of one commercial vehicle may
be as great as eight passenger cars,

Imperfect alinement

Sight distances that restrict passing
maneuvers seriously reduce the capacity
of two- and three-lane roads. Where
sight distances are inadeqguate, drivers
are restricted in their freedom of move-
ment in much the same manner as if the
lane used for passing were filled with on-
coming vehicles, The reduction in ca-
pacity eaused by short sight distances
can be obtained by using as a criterion
the percentage of the total highway on
which sight distances are insuflicient to

permit passing maneuvers to be per-
formed safely. :

The influence of speed on the stand-
ards that should be employed to provide
adequate passing sight distance for two-
lane rural highways is reflected in the
results of passing-practice studies con-
ducted by the Public Roads Administra-
tion in cooperation with several State
highway departments. In slightly more
than half of the passings observed, the
passed vehicle was fraveling between 30
and 40 miles per hour. In 30 percent of
the passings, the passed vehicle was
traveling between 20 and 30 miles per
hour. Only 15 percent of the passed ve-
hicles were traveling between 40 and 50
miles per hour and only 1 percent were
traveling faster than 50 roiles per hour.
This is the condition found to exist on
average main rural highways at places
where sight distances are not restrictive.

On highways permitting the highest
speeds, during periods of low traffic when
passings could be made almost at will, 40
percent of the passings involved passed
vehicles traveling between 40 and 50 miles
per hour, another 40 percent involved
passed vehicles traveling between 30 and
40 miles per hour, and only 5 percent of
the passings involved passed vehicles
traveling over 50 miles per hour.

Since this is the condition that exists
where alinement provides unlimited op-
portunities for passing, the greatest need
on rural two-lane highways is for sight
distances that will permit vehicles trav-
eling under 50 miles per hour to be passed
safely. Any additional expenditure of
highway funds to provide sight distances
necessary for vehicles to pass other ve-
hicles traveling faster than 50 miles per .
hour cannot be justified because such a
sight distance is rarely utilized.

The results of the passing-practice
studies show that for the most critical
condition, when the passing vehicle slows
to the speed of the passed vehicle before
performing the maneuver, a sight dis-
tance of 1,500 to 2,000 feet is required to
pass a vehicle traveling between 45 and
50 mileg per hour with oncoming traffic
traveling up to 70 miles per hour. Pass-
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ing sight distances within the range of
1,500 to 2,000 feet are, therefore, those
most widely needed at frequent inter-
vals on rural highways,

Where sight distances within the range
of 1,500 to 2,000 feet are not continu-
ously available throughout the length of a
two-lane highway, the pereentage of the
total length of highway with a 1,500-foot.
sight distance can be used as a criterion
of the highway's practical capacity,
Table 6 shows the reduction in capacity
caused by sight distance restrictiong
when operating speeds of 45 to 5¢ and 50
to 55 miles per hour are desired.

Table 6.—-Effect of passing sight-distonce re-
striction eon practical capacities of Z-lane
highweays when adequate sfopping sight
distances are always present

Practical eapacity, in pas-

Sight distance re- senger ears per hour

it?“%d tto lch than ——

00 feet: Torcen- : :

” y For operating) For operating

t?‘gh‘\l Oligg;‘al length speed 1 of 45~ | speed ! of 50—

ot g Y- 50 miles per | 55 miles per

hour * hour

900 600
860 560
{00 500
720 420
620 | 300
500 160

1Average speed for drivers trying to travel at maxi-
mum safe speed. .

Signal control af intersections

Intersections controlled by traffic sig-
nals impair the possible capacities of all

ighways by depriving traffic of a por-
tien of the time it would otherwise be
free to move. The detrimental effect of
a signal-controlled intersection on the
practical ecapacity of a two-lane rural
highway where conditions are otherwise
ideal is not critical so long as traffic is
free to move at least 50 percent of the
time, provided that not more than two-
thirds of the traffic is moving in one di-
rection. On multilane facilities, practi-
cal eapacities are reduced unless iraffic
is free to move all of the time,

This difference in the effect of a gignal
on practical capacities of rural two-lane
roads as compared with multilane roads
is cansed by the difference in the traffic
volumhes per lane when operating at prac-
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tical eapacities. With two-thirds of the
total traffic in one direction, the flow in
cne lane of a rural two-lane. highway
will be only 600 vchicles per hour when
the total volume is 200 vehicles per hour,
the highway’s maximum practical capa-
city. The average flow. in each of the
lanes used by traffic in the direction of
the heavier flow on a multilane rural
highway could be 1,000 vechicles per hour
with the highway operating at its prac-
tical capacity. In urban areas, the cor-
responding figure would be 1,600 vehicles
per lane per hour. It is posgible under
certain conditions for 600 vehicles per
hour in a single lane to enter an inter-
section where traffic is controlled by
lights, whereag, it is impossible for 1,000
vehicles in a single lane to enter such an

intersection,

The highest rate at which traffic can
meove through a  signal-controlled inter-
section is about 1,500 passenger cars per
hour per 12-foot lane during the time the
signal is green. 'The practical capacity,
cr the maximum flow that will reguire
but a few vehicles to wait for more than
one green indication of the light, is about
80 percent of this rate where conditions
are ideal. Conditions are seldom ideal,
however, and this is especially frue in
cities where turning movements, pedes-
trians, curb parking, etc., combine to in-
terfere with the free movement of
vehicles, '

Average capacities for city streets,
under the conditions noted, may be deter-
mined from the curves in figures 25 and
26, There is a wide range in the ca-
pacities of city street intersections, how-
ever, as will be observed from figure 27.

Signal contre! under varying conditions

A number of adjustments are necessary
when applying the information for aver-
age intersection conditions, as shown i}y
figures 25 and 26, to a specific location
where conditions are not “average.”

-Important adjustments are those in-
volving corrections for the difference be-
tween possible and practical capacities,
proportion of commercial vehicles, turn-
ing movements, bus stops, elimination of

4
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parking near the intersection, added turn-
ing lanes, and separate signal indications
for certain furning movements. It has
been found, for example, that possible
capacities are about 10 percent higher
than the hourly volumes shown by the
curves for figures 25 and 26, and that the
practical capacities are about 10 percent
lower. Also, commercial vehicles have
abont the same effect as two passenger
carg; one left turn on a two-way street
is equivalent to two vehicles going
straight through; and right turns on
either one-way or two-way streets, and
left turns on one-way streets, have about
the same cffect as 135 vebicles going
straight through. On streets where park-
ing is prohibited the volumes shown by
figure 25 must be increased 5 percent
" when there is no bug stop, decreased 10
percent when there is a bus stop on the
near side, decreased 3 percent when there
is a bus stop on the far side in downtown
“areas, and decreased 15 percent when
there is a bus stop on the far side in anp
intermediate area. A detailed explana-
tion of the necegsary adjustments for
specific conditions is contained in the re-
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port by the Highway Research Board
Committee on Highway Capacity.
Volumes shown by figure 25 are for the
volume of traffic in the direction of the
heaviest flow. The total flow when a
street is loaded to capacity will depend on
the distribution of traffic by directions.

- Normally, in downtown areas the distri-

bution varies from 50 percent in each
direction to 60 pereent in one direction
and 40 percent in the other.

Outside of the downtown area on two-
way streets the flow in the heaviest direc-
tion of travel will vary between 60 and
80 percent of the total traffic. These dis-
tributions of traffic by direction are an
important consideration when comparing
the total volumes of traflic that can be
accommodated by one-way and two-way
streets, Figure 28 shows a comparison
between the capacities of one-way and
two-way streets under certain gpecific
conditions in downtown and intermediate
areas.

On high-type facilities of the express-
way class, where intergections are given
special treatment in the form of added
turning lanes, and where there ig little
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or no interference from pedestrians, the
practical capacity of 1,000 passenger ve-
hicles per hour of green light per 10 feet
of width may be used as a hasis for com-
putation and appropriate adjustment
fdctors applied for the commercial ve-
hiecleg, turning movements, and bus stops,
ag given in the report by the Highway
Research Board Committee on Highway
Capacity.

‘Weaving sections—Cross movements without
signal control

Weaving sections are usually selected

as a compromise between the conven--

tional intersection at grade, where delays
are often excessive, and the grade sep-
aration with its costly structure and ap-
purtenances. Weaving sections are often
provided as adjuncts to grade separa-
tiong. The traffic circle is, in actuality, a

geries of weaving sections, and there are

many other applications of the principle
in the layout of controlled-access high-
ways.

The vehicles using a weaving section
fall logically into two classes: (1) those

the section without crossing the normal
path of other vehicles, and (2) those that
must cross the paths of other veliicles
after entering the section. The latter
group are the weaving vehicles that make
the Tacility necessary.

The results of analysis of available
data on traflic volumes and speeds on
weaving sections are ghown by figure 29.
Bagically, traflic on a weaving section is
affected by density in much the same
manner as on a roadway with uninter-
rupted flow. Maximum volumes occur
at speeds between 20 and 30 miles per
hour, Higher speeds are possible only at
volumes and densities lower than those
found when the facility is operating at
its posgible eapacity., ‘Whenever traffic
dengity exceeds the critical density,
speeds fall below 20 miles per hour, the
capacity is lowered, and complete con-
gestion or stagnation may occur within
a few geconds.

The curves in figure 29 show that there
is a rapid increase in the length of sec-
tion required for a given speed with an
incréase in the number of weaving ve-
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proximately triples the length of section
required and doubles the number of lanes
reguired for the weaving vehicles.

Any weaving section, regardless of its
length or number of lanes, will become
badly congested when the number of
weaving vehicleg approaches the possible
capacity of two traffic lanes. Operating
conditions will seldom be entirely satig-
factory unless the traffic on the approach
roadways iz well below their practical
capacities and the weaving section has
one more lane than wounld normally be
required for the combined traffic from
both approaches. For this reason, weav-

ing sections are considered praetical only

where the two intersecting one-way road-
ways each carries less than the normal
capacity of two lanes of a one-way road-
way and the total number of vehicles re-
quired to weave does not exceed 1,500 per
hour, In computing capacitieg, allow-
ance must be made for trucks, lanes of
substandard width, efe, on the same
bhasis as in the case of multilane road-
ways.

Ramps and their terminals

The efficiency of traffic movement on
freeways or expressways and the extent
to which their potential capacities can
be realized depend directly on the ade-
quacy of the facilities that are provided
for entering and leaving these highways.
Improperly planned entrances can se-
riously limit the traffic volumes that can
use an expressway, and exit facilities
incapable of -accommodating vehicles
leaving the highway at one point, even
though the number is relatively few, can
cause complete congestion of all traffie.

The capacity of a ramp is affected by
the character of traffic, gradient, width,
curvature, and the speed at which ve-
hicles operate., The sharp curvature on
most ramps usually limits the possible
capacity to that attained om a tangent
section at speeds below 20 miles per hour.
At the higher-gpeeds, drivers find it diffi-
cult to stay within their lane and have
a tendency to maintain a somewhat
greater headway than is normal on tan-
gent sections. This happews even on
ramps with lanes wider than 12 feet.

Except on ramps having extremely
long radii, and on direct connections hav-
ing a low degree of curviture, lane ca-
pacities of the ramp itself;, when the en-
trance or exit does not govern, are usually
of the order of 1,200 passenger cars per
hour. Thus a ramp having a nominal
width of two lanes (usually 28 or 30 feet)
should accommodate about 2,400 pas-
senger cars at an average speed of 12 to 15
miles per hour. Actual examples of
ramp movements of this magnitude are
rare, indeed, because few of the fer-
minals are so planned that traffic enter-
ing and leaving the ramp can do so with
the necessary freedom of interference by
traffic on the through highways or streets.

Even on some of the most modern fa-
cilities, there is a tendency for traffic to
move in a single line at one or two points
on the ramp. "The point of constriction
is usually at either the entrance or the
exit to the ramp. Under such conditions
the possible capacity of the ramp will
be about 1,200 vehicles per hour. This
probably accounts for the common’ belief
that the capacity of any ramp will not
exceed 1,200 to 1,500 vehicles per hour
and therefore the ramp should be tapered
to confine vehicles to one lane as they
enter a through highway. However,
there ig little reason to think that ramp
terminals cannot be so planned that much
larger volumes of traffic can be handled
with ease.
isting facilities where much
volumes have been observed.

Traflic approaching a ramp leading to
an’ expressway and traffic on a ramp

higherx

leading from an expressway must often-

times pass through an intersection at
grade' in the immediate vicinity of the
ramp. The volume of trafic that can
be accommodated by the ramp is then
dependent on the capacity of the nearby
intersection. When this is the case, the
information on intersection capacities
should be applied in estimating the max-
imum volume of traffic that can enter
or leave the ramp.

The eapacity of a ramp may be limited
by either the width and alinement of the
ramp, or by traffic and physical condi-
tions at either terminal.  Some of the
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Further, there are a few ex- _




more important facts concerning ramp
capacitieg are summarized as follows:

1. With the curvatures and traffic con-
ditions that are generally present at ramp
locations, it is usually difficult to obtain
better than the eguivalent of single-lane
operation on the ramp. With such opera-
tion, the ramp capacity will not exceed
1,200 passenger cars per hour normally,
with, a possible maXimum of 1,500 pas-
senger cars per hour when vehicles can
keep moving at a speed of 15 to 20 mileg
per hour (minimum radius about 100
feet). Serious consideration should be
given to the provision of additional ramps
when the traffic demand exceeds 1,200
vehicles per hour on any one ramp, un-
less conditions required for safe two-
lane operation can he gatigfied, The limit
of 1,200 vehicles per hour is for passenger
vehicles, The figure should be lowered to
compensate for the effect of such comimer-
cial vehicles ag may be present. As a
minimum, each commercial vehicle with
dual tires has the effect of two passenger
cars. Conditions that must be present
to accommodate 1,200 passenger vehicles
per hour are:

(@) Adeguate ramp width for off-track-
ing and turning of commercial vehicles.

(b) Adequate surface or shoulder
width for disabled vehicles, especially on
“up” ramps.

{¢) Adequate speed-change areas, or
excess capacity of the roadways con-
nected by the ramp.

2. It is possible for a ramp and its
terminals to handle traffic volumes ex-
ceeding 1,200 vehicles per hour under
certain conditions. The following are
some of the conditions that must be sat-
isfied :

(a) Adequate surface width and ra-
dius of curvature (at least a 28-foot sur-
face and a minimum radius of about 200
feet).

(b) At least one lane on each through
highway entirely free of traffic other than
that using the ramp, and a second lane
on each through highway . sufficiently
free of through traffic to accommodate
that portion of ramp traffic in excess of
1,200 vehicles per hour. Generally, the

exit and entrance to the ramp must have
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design characteristies similar to those at
a Y interscction of two one-way roads.

3. In considering the availability of
space in the through-traffic movement
into which vehicles from the ramp may
enter, the following factorg are Iim-
portant:

(a) At traffic volumes below 1,000 ve-
hicles per lane per hour on a multilane
highway, there is a marked tendency for
vehicles approaching a4 ramp discharge
point to ghift away from the lane used
by ramp traffic, thereby providing a bet-
ter opportunity for vehicles to enter the
through highway. When the volume on
the through highway exceeds 1,000 vehi-
cles per hour per lane, this tendency to
shift away from the lane adjoining the
ramp does not occur and traffic muin-
taing approximately the same distribu-
tion between the lanes at the ramp ter-
minal as on sections where there are no
ranps. :

This ig particularly true where there
are stop gigng at the ramp exit. Where
there are acceleration areas without
stop-sign control of vehicles from the
ramp, a somewhat higher percentage of
the through traffic will use the lane
farthest from the ramp than is normal
at locations remote from the ramp. (See
figs. 30, 31, and 32.)

(b) There is a tendeney for traffic to
distribute itself in all lanes of a through
highway during heavy traffic flow, and
many of the openings between vehicles
in the nonadjacent lane or lanes are
shielded against occupancy by vehicles

‘entering from the ramp. As a praectical
‘matter, it is impossible to fill all the

availatile openings between cars on the
through highway unless there are suit-
able acceleration areas for merging.
The volume of traffic that can enter from
a ramp will seldom equal the amount by
which the expressway is below full capa-
city. The only exceptions to this state-
ment ocenr where there are acceleration
areags ol added lanes beyond the entrance
turn, (See fig. 83.)

4, Where points of access and egress
to and from an expressway are closely
spaced, the resulting interchange of traf-
fic between lanes may ecause certain
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lengths of the expressway to become

weaving sections and in that way affect -

the capacity of the expressway and the
Tamps.

5. In selecting the hour of peak traffic
movement, a knowledge of the distribu-
tion of traffic between the ramp and the
expressway is of utmost importance. An
hourly pattern for traffic using a ramp
is of little worth without a similar pat-

" tern for the expresgway or other through
street. .

6. The number of vehicles that can
enter an exit ramp is affected by the
volume of through traffic using the right
lane, Many slow-moving passenger cars
and most commercial vehicles use this
lane, thereby occupying space that might
be utilized by departing vchicles. FKor
most installations, the volume of traffie
using an exit ramp cannot exceed 1,200
passenger cars less the number of
through vehicles occupying the outside
lane; This number may be reduced by
instructions properly displayed on signs.

If an exit ramp ig to accommodate more
than 1,200 passenger cars an hour, the
conditions enumerated under item 2 above
must be satisfied.

Relating Hourly Capacities to
Annual Traffic Volumes

Capacities are expressed as numbers of
vehicles per hour, but this should not be
interpreted as meaning that a highway
can accommodate 24 times the hourly
rate during any day. Traffic volumes are
much heavier during certain hours of the
day or year than af other times, and it is
for thesc peak hours (except for the in-
frequent extremes) that highway stand-
ards should be developed. Since annual
average daily traffic volumes are much
more commonly known than peak hourly
volumes, a means of relating the two is
desirable.

For the United States as a whole, traf-
fic on the maximum day is normally 233
percent, and in the maximum hour 254
percent, of the annual average daily traf-
fic. It is uneconomical to design the
average highway for a greater hourly

20

volume than that which iz exceeded dur-
ing only 80 hours each year, and little
will be saved in the construction cost and
a great deal lost in expediting the move-
ment of trafiic if the highway is designed
to accommodates fewer vehicles than the
volume exceeded during the 50 highest
hours of the year. 'The relation between
peak hourly volumes and annnal average
daily traffic for the average location in
the United States is shown in figure 34.
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The variation in traflic flow between loca-
tions is such, however, that detailed data
are necessary for a complefe engineering
analysis of the traffic facilities required
at any particular location. The thirtieth
highest hour as a percentage of the aver-
age daily traffic ranges from 8 to 38 per-
cent, with an average of about 15 percent
for rural locations and about 12 percent
for urban locations. (See fig, 85.)

For any particular location, the re-
lation between the thirtieth highest hour
and the annual average daily traffic ve-
mains substantially unchanged from year
to year, as is evidenced by figure 36, which
illustrates this relation during different
years for 23 traffic counter stations dis-
persed throughout the United States.

If the Nation-wide percentage relation-
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ships between the thirtieth highest hourly
volwne and the average annual daily
traflic volume are applied to the practical
hourly capacities, the capacities of {wo-
and four-lane highways on an annual
basis are as shown in table 7. It should
be obvious that volumes of the magnitude
shown in this table are seldom achieved
without exceeding the practical capacity,
because the high design standards upon
which they are based can be economically
justified in rare cases only. Particularly

is this true for two-lane roads, the ca-
pacities of which are very sensitive to re-
strictive sight distances. In rolling ter-
rain the alinement may be such as to
cause a reduction of 50 pereent or more
in the average daily volumes for two-
lane roads as shown in table 7. For any
gpecifie highway, an evaluation of the
several factors affecting capacity must
precede the computation of a reasonable
value for the annual average daily traflic
volume,

Table 7. —Average annual daily trafic volumes corresponding to the practical capacifies of different
fypes of highways as based on the Nation-wide average reluhonshlp between the thirtieth
highest hourly volume and the average annual daily traffic volume *

Average annual daily trafiic volume, in vehicles per day
2lane rural roads | 4-lane rural roads | 4lane urban express-
Type of traffic : ways
In level |Inrolling | Inlevel |Tn roliin.g Inlevel | Inrelling
terrain | terrain | terrain | terrain | terrain terrain
Passenger vehicles only .. ..l ____ 5, 750 5, 750 19, 250 19,250 37, 500 37, 500
90 percent passenger vehleles and 10 pereeut
commercial vehieles. oo . . _____ 5, 200 4, 450 17, 500 14, 800 34, 000 29, 000
80 percent passenger vehleles and 20 percent g )
commereial vehicles.. - . . _______ 4,800 3,600 16, 050 12, 000 31,000 23, 500

1 Bixeept for the presence of eommereial vehicles, roadway and traffic conditions ure assumed, to approach the
ideal, including 12-foot traflic lancs, tangent almement angd uninterrupted flow,
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ACCEPTED STANDARDS

Geometric design as practiced by the
geveral State highway departments and
other designing agencies is not com-
pletely uniform, There remains a con-
siderable variety in the laws of the States
Himiting the sizes and weights of ve-
hicles, and the differences in these re-
spects have an influence upon the deci-
sions of highway degigners, There are
differences in the financing ability of
the various governments and these too
modify the standards of roads as built.
Moreover, there are difference$:in the
interpretation of experience and the evi-
dence of research, and these are reflected
in the variety of design practice.

Within limits, this variety is accepted
as unavoidable by the Public Roads Ad-

‘ministration, and tolerated in its approv-

al of plans developed by the initiating
State agenciés for Federal-aid improve-
ments. The strongest forece tending to
level these differences is the standardiz-
ing influence of technical committees of
the American Association of State High-
way Officials. In this association, all
State highway departments and the Pub-
lic Roads Administration hold member-
ship and join in the deliberations of its
committees,

Standards proposed and revised from
fime to time by these committees are
recommended to the asgociation and in
torn submitted to the membership for
adoption by letter ballot, Each member
department, including the Public Roads
Administration, is entitled to one vote.
Upon approval by a required majority, a
standard thus submitted is  declared
“adopted” and becomes a standard of the
association,

Maximum Sizes and Weights of
Vehicles

Following this process, the association
has adopted a standard or policy con-

OF GEOMETRIC DESIGN

cerning the maximum sizes and weights
of vehicles that should be permitted to
operate, and bag recommended this pol-
icy for uniform adoption by law in the
several States. While this policy takes
into account the relatively low standards
of a large part of the existing highway
development ag a condition modifying
the present feasibility of accommodating
the operation of vehicles, and is not,
therefore, intended to constitute, unmod-
ified, a basis for the design of new high-
ways and structures, it nevertheless has
an infloence upon the design practices
employed. It is appropriate, therefore,
at this point, to introduce the various
limits adopted.
They are:

_ Height

For the maximum height of vehicles,
1214 feet.

Width

For the maximum width of vehicles,
96 inches. (The policy inecludes a rec-
ommendation that thig limit may be in-
creased to 102 inches if and when the
width of existing highways is sufficient
to justify the change.)

Length

For the maximum length of—
Single trucks and two-axle busses, 35
teet.

"Three-axle busses, 40 feet,
Tractor-semitrailer - combinations, 50
feet, ’ ‘
Other combinations of vehicles (nof more

than two units), 60 feet.

Weight

- For the maximum load on one axle,
18,000 pounds.

PFor the maximuti gross weight of ve-
hicleg and combinations, and the weight
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permisgible upon any group of axles of
the vehicles or combinations, various
amounts as given in a iable relating per-
migsible Weight to the spacing of axles,
measured in feet, as follows:

Distance between the Mauazimum weight per-
exireme axles of any missible on all aries
group of avles of the group
(feet) (pounds)

390 . 60, 010
40 . 60, 800
a4l 61, 530
42 . 62, 360
43 - 63, 130
44 63, 890
45 .. 64, 650
46 .. 65, 400
47 . 66, 150
48 . 66, 890
A9 e 67, 620
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Distance between the
extreme axies of any
group of axles

Muazimum weight per-
wissible on oll axvles
of the group

(feet) {pounds)
50 68, 350
5 69, 070
52 e 69, 790
B3 . 70, 500
54 71, 200
85 oo 71, 900
56 _ . 72, 590
57 73, 280

‘Classification of Traffic

With these proposed Limits of the size

and weight of vehicles in mind, and with

duc regard to the reservations expressed
as to their bearing upon highway design,
we may now proceed to a consideration
of some of the standards of geometric
design.

Basie to the consideration are certain
broad definitions of the type, volume, and
speed of traffic contemplated and dif-
ferentiated in the standards,

Thege definitions are contained in the
Poticy on Highway Clussification of the
American Association of State Highway
Officials. They include type of traffic,
traffic density, and design speed.

Type

The type of traffic is classified by the
percentage of passenger cars and com-
mercial vehicles and affects such elements
involved in the geometric design as traf-
fic lane widths, eapacity of the traffic
lanes, maximum radius of curvature, es-
pecially at intersections and on ramps,
and maximum gradients.

Density

The traffic density assumed for pur-

poses of degign is that hourly traffic vol-

ume that is expected to be the thirtieth
highest hourly volume during fthe year
for which the road is designed.

Speed

The design speed ig the maximum ap-
proximately uniform sgpeed which can be
adopted safely by the faster group of driv-
ers during periods of low traffic volume,

exeluding the small percentage of reck-
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 forced alinement.

less drivers. The standards are differ-
entiated for design speeds of 30, 40, 50,
60, and 70 miles per hour. The design
speed is selected for correlation of those
geometric features such as curvature,
superelevation, and sight distance, upon
which the safe operation of vehicles is
dependent,

Closely related to the design speed,
although not included in the association’s
policies but rapidly coming into general
use, is the term operating speed. It is
the highest average speed, exclusive of
stops, at which a driver can travel on a
roadway under prevailing traffic condi-
tions without at any time exceeding the
design speed. Operating speed varies for
any given read, being low when traffic is
heavy  and approaching design speed
when traffic is light.

Modified  as necessary by these basic
definitions of traffic conditions, the prin-
cipal geometric design standards are de-
seribed in the following sections.

Alinement

The alinement that is selected for a
highway determines how effectively and
safely the completed facility will meet
the demands of traflic. Alinement be-
tween control points should be of as high
standard asg 18 commensurate with the
topography and the existing traffic, and
with the probable future traffic, in order
that future improvements may be made
with a minimam of investment loss due
to obsolescence. Sudden changes hetween
curves of widely different radii or be-
tween long tangents and sharp curves
should be avoided by use of curves of
gradually increasing or decreasing radii;
avoiding, however, an appearance of
A curve at the end
of a long tangent is definitely more haz-
ardous than the same degree of curva-
ture associated with a serieg of curves.
It is essential to select an alinement free
from sudden changes that come as a sur-
prise to the operator. In relatively level
topography, the use of long curves of
large radii should be preferred to long
tangents connected by relatively sharp
curves. Where horizontal curves occur

on grade summits, the vertical sight dis-
tance should exceed the horizontal sight
distance. ’

Superelevation

Maximum supcrelevation of 0.12 foot
per foot is recommended by the Ameri-
can Association of State Highway Offi-
cials, Where snow and ice conditions
prevail, 0.08 foot per foot is the maxi-
mum that should be used. In recent
practice, superelevations of (.16 foot per
foot have been found to be very satis-
factory on ramps at interchanges, es-
pecially on the down ramps where de-
fign must generally provide for higher
speeds than on up ramps. In obtaining
superelevation, it is desirable that the
slope of the outer edge of pavernent with
respect to the profile of the center line
should not be greater than 1 in 200,

Curvature

Wherever feasible the flattest curva-
ture possible should be used., Design
policies of the American Association of
State Highway Cfficiuls provide that the
minimum radius of curvaturce shall be
as shown in table 8,

Table &.—Minimum radius of curvature

|
1
Radius of eurvature |

Assumed design speed i
Degirable | Absolute
minimum | minimum

M. p. h. Feet Feet
20 | 230

520 410

820 640

1, 150 960

1,910 1,430

The absolute minimum radius is based
upon a practical maximum supereleva-
tion, and a safe value for the side frie-
tion factor of 0.16 for speeds up to 60
miles per hour and 0.14 for a speed of
70 miles per hour. The desirable mini-
mum radius is based on the same friction
factors but approximately half the maxi-
mum superelevation.

It should be recognized that the stated
minimum radii are safe for the indicated
speeds only when the curves are super-
elevated to the maximium and approached
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~ with adequate transitions. Larger radii,
perhaps as large as those for the next
higher 10 miles per hour, should be
adopted as a minimum for entirely safe
and comfortable operation,

Transitions

Transitions should be applied to all
curves of such radii that the offset from

the circular are is greater than 1 foot

for a transition of the required length L,
ag determined-by the formula

=187

In this formula, ¥ is the assumed de-
sign speed in miles per hour and R, the
radius in feet.

Where possible, superelevation should
be attained within the limits of the transi-
tion, which should be of such length that
- the slope of the outer edge of pavement
with respect to the profile of the center
line is no greater than 1 in 200.

Minimum length of curve

For small deflection angles the curve
should be long enough to avoid the ap-
pearance of a kink. The curve ghould be
at least 500 feet long for a deflection angle
of 5 degrees and should increase 100 feet
in length for each decrease of 1 degree
in the deflection angle..

Grades

Agreement hag not been reached on the
maximum grade or the length of sustained
grade to be used for various combinations
of terrain and traffic density. The in-
formation shown on pages 71-77 is, how-
ever, useful in determining the maximum
length of grade that will reduce truck
speeds to values that are objectionable to
the operators of passenger cars., These
data arc algo useful in determining when
added lanes should be provided on long
grades.

On long grades, it is preferable to break
the sustained grade by short sections of
lesser grade, rather than to lay a nniform
sustained grade that may be only slightly
below the allowable maximum, provided
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the break in grade will not affect the
length of highway on which passing ma-
nenvers can be performed safely. Sec-
ondary dips in the profile, in which vehi-
cles may he hidden from view, should be
avoided. 'Where it is found that grades
less than the maximum may be obtained
over a congiderable length of a project,
but there are maximum grades of guffi-
cient length to slow down loaded vehicles
to a crawl speed at certain places, pro-
vision of additional lanes for slow-
moving vehicles should be considered.

‘While the association policy does not
particuiarize, it is known that trucks and
combination units with their normal
loadings are appreciably slowed down by
gradients, of sufficient length, as low as
3 percent. Table 3 {page 76) shows that
trucks are reduced o speeds so low as
to prevent satisfactory passenger-car
operation even when the steeper grades
are short in length.

Sight Distance

Sight distance is the length of roadway
vigible to the driver of a passenger ve-
hicle at any given point on the roadway
when the view is unobstructed by traffic,
For purposes of design and to determine
operating conditions on a highway, sight
distance is divided into two categories—
stopping sight distance and passing sight
distance.

Stopping sight distance

Stopping sight distance ig the distance
required by the driver of a vehicle, trav-
eling at a given speed, to bring his vehi-
cle to a stop after an object on the road-
way becomes visible, The driver should
have such sight distance at all times.
The American Association of State High-
way Officialy uses a height of 4 inches
for the object on ihe roadway, on the as-
sumption that any object lower than 4
inches will not be a serious obstruction
if it is hit. Stopping sight distance is
therefore measured from the driver’s
ecyes, which are agsumed to be 414 feet
above the pavement surface, fo an object
4 inches high on the road.
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Passing sight distance

Passing sight distance is the minimum
sight distance that must be available to
enable the driver of one vehicle to pass
another vehicle safely and comfortably,
without interfering with the speed of an
oncoming vehicle traveling at the design
speed should it come into view after the
overtaking muneuver is started. Aec-
cording to the American Association of
State Highway Officials, the sight dis-
tance available for passing at any place
is the longest distance at which a driver
whose eyes are 4% feet above the pave-
ment surface can see the top of an object
414 feet high on the road.

While stopping distance is necessary
continuously on all types of highways,
passing sight distance is necessary only

on two-way roadways with two or three

lanes.

Minimum sight distances recommend-
ed by the American Association of State
Highway Officials are shown in table 9.

Table 9.—Minimum sight distances

8ight distances
Passing
Stop-
Degign | ping:
speed X, 3, 2lane . 3-lane
and 4-| highways highways
lane .
high-

ways | Desir-! Abso- | Desir- . Abso-
able | lute ({ able lute

Recent studies

Recent studies have shown that the
stopping sight distances listed in table
9 are not adequate for many vehicles
in actual use at the present time, If
adequate stopping distances are to he
provided for all passenger cars, other

than the 10 or 15 percent with brakes -

in very poor condition, stopping. sight
distances 20 to 30 percent higher than
thoge in table 9 must be provided.
Trucks and. combination units require

much longer distances in stopping than
do passenger cars at corresponding
speeds. A stopping sight distance which
is adequate for a passenger car traveling
7¢ miles an hour is not adequate for
combination units, with normal loads,
above about 50 miles per hour.

Results of recent studies of the manner
in which drivers perform passing maneu-
vers on two-lane roads show that most
drivers base the decision to begin pass-
ing on the distance they can see the road
surface ahead rather than the distance
to a point 4% feet above the road sur-
face. Unless a driver is completely
familiar with the profile of a route, he
cannot be sure that there is no approach-
ing vehicle on the road surface that is
not visible in a short dip in the road
ahead. It is only when a vehicle is in
view that be has any idea as to how far
it iz to a point 41 feet above the road
surface on a vertical curve.

At any given point on a highway, a
driver is not aided greatly by sight dig-
tance in excesg of 2,000 feet. For this
reason and also because a large majority
of passed vehicles move at slow speed
and may be passed in a short distance,
the percentage of highway on which a
gight distance of 1,500 feet or more is
available can be used as a criterion of
the sight distance adegquacy of two- and
three-lane highways. A more complete
discussion of sight-distance requirements
as related to traffic volume is presented
on pages 79-80,

In rough terrain reguiring large ex-
penditures to produce the reguired per-
centage of passing sight distance, con-
struction of a four-lane highway is some-
times the best solution. In moderniza-
tion of old two- and three-lane roads,
widening to four lanes is often prefer-
able to-extensive work in lengtherning
sight distance to required standards.

Many of our early highways were de-
signed using a maximum grade, 8 max-
imum curvature, aad other fixed stand-
ards. Toavoid exceeding fixed maximum
grade, it has sometimes been necessary
to introduce added distance and curva-
ture which has resulted in a highway
that would not accommodate traffic as
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effectively as one with somewhat steeper
grades but better alinement. It is not
sufficient to consider various elements of
design, such as gradient, curvature, and
gight  distance, independently, They
must be congidered in combination to
ohtain the alinement and profile over
which vehicles ecan operate mogt effi-
ciently and safely.

Highway Cross Section

Width of surfacing

Design policies of the American Asso-
ciation of State Highway Officials pro-
vide for varying the width of surfacing
on two-lane highways with the type and
volume of traffic and the assumed design
speed. The widths for various assumed
conditions ‘are given in table 10,

Table 10.—Minimum widths of surfacing for
two-lane highways

Vehicles per hour
Assumed -
design
speed

E More
30 to 100 |100 t0 200|141 900

Feet Feet Feet
18 to 20 20 122
1810 20 | 20 to 22 122
20 |20 to 22 |22 10 24
20 to 22 22 |22 to 24
201022 | 22 {0 24 124 )
1

1 ‘Where shoulders dush with the pavement and capa-
ble of supporting vehicles at all times are provided,
and trucks are 1ot a factor, pavements 2 feet less in
width may be used.

Trom the discussion (pp. 66, 7T8) re-
garding traflic lane width, it is apparent
that lane widths of less than 11 feet are
undesirable and that lanc widths of 12
feet are preferred, especially where the
normal percentage of trucks is present.
For the National System of Interstate
Highways, the association policy permits
lanes as narrow as 11 feet only where
the traffic volume per lane during the
thirtieth highest hour of the year is less
than 200 vehicles.

Ninety-five percent or more of the rural
roads of the United States are two-lane
roads. Pavements of Imore than two
lanes are being counstructed as the need

for capacity greater than that of a two-
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lane pavement is determined. When
traffic rises above the capacity of a two-
lane pavement, opinion predorminantly
favors the construction of a four-lane
pavement, divided whenever feugible,

Divided highways

On divided highways, the width of me-
dian strip required to provide protection
for left-turning at grade crossings is ab
least 25 feet for passenger vehicles and
40 feet for trucks. Median strips of these
widths centinued between intersections
also provide positive protection against
conflict of opposing traffic, and reduce the
effects of headlight glare to a minimum.
Narrower medians are frequently used,

- but medians less than 4 to 6 feet are con-

gidered little more than center-line
stripes. The parrower the median the
longer must be the opening in the median
to give protection to vehicles making
left turns to and from intersecting roads
at grade. Medians of intermediate
widths—14 to 16 fect-—are being used
more and more. These dimensions are
sufficient to provide many of the separa-
tion advantages for opposing traffic and
at fhe same time permit inclusion of a
median lane at cross roads. Usually this
median lane is an extra lane entirely
within the normal width, on which ve-
hicles lcaving the through lanes can de-
celerate and pause in a protected area to
await an opportunity to turn to the left
on the cross road. .

At points other than at crossings, the
median strip should be at least 10 or 12
feet in width to permit vegetative growth,
If this is not possible, there is little ad-
vantage in a width over 4 to 6 feet.
Raised median strips in no case should
be less than 4 feet in width and high-
ways with flush median strips less than
4 feét in width should not be considered
divided highways.

Divided highways need not be of con-
stant cross section. Median strips may
vary in width; the roads may be at dif-

_ ferent levels; and superelevation may be

effected separately on each pavement. In
rolling terrain this type of design re-
sults in substantial savings in construc-
tion and maintenance costs. Where con-
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strictions make it desirable to narrow

the median or where intersections make-

it desirable to widen on tangent aline-
ment, the change should be effected by
long reverse curves, preferably of 5,000-
foot radiug or more, which may be with-
out superelevation or transitions. Where
such changes in width are desirable on
curves they should be acomplished, if
possible, by changing the curvature of
one or both roads.

Parking lanes

In addition to to pavement lanes for
the use of moving traffic, some highways
include parking lancs adjacent fo those
provided for the moving traffic. In urban
and suburban locations the parking lane
often includes the gutter section of the
roadway and varies in width from 6 to 8
feet. The greater width ig desirable; and
even with an 8-foot parking lane the
traffic lane adjacent to it should be some-
what wider than usual because of the fact
that moving traflic will not drive close to
parked vehicles. For this reason, parking
lanes are frequently paved 10 feet wide
but are marked for parking 8 feet wide.

An urban street with parking in the
downtown area will only accommodate
about 50 to 55 percent of the traffic that
the same width of street without parking
will accomrnodate. Eliminating parking
from both sides of the street will increase
its  capacity nearly 100 percent, regard-
less of the width of the street.

Crowns

The crown, or cross slope, of our pave-
ments has varied through the years,
Karly roadways had rather steep crowns,
one-half ineh or more per foot; but as the
iype of pavement has improved and con-
struetion iaterials, techniques, and
equipment have permitted closer control,
the amount of crown has been decreased.
High-type pavements with good control
of drainage now have crowns as low as
one-eighth inch per foot. This flat cross
slope has been found to be satisfactory
when little or no settlement of the pave-
ment ig to be expected and the drainage
system is of sufficient capacity to keep the

flow of water off the travel lanes. When
four or more traffic lanes are used it is
considered desirable to provide a steeper
slope on the outer lanes to expedite the
flow of water from the traveled roadway
surface,

Shoulders

Shoulders are provided to furnish ad-
ditional support to the pavement, and
for the emergency accornmodation of dis-
abled or otherwise stopped vehicles,
They inerease the effective surface width
tor traffic. Shoulders that will accom-
modate disabled vehicles. and that may
be nsed by moving vehicles in cases of
emergency, during any weather condi-
tions, are essential for safety on main
highwidys. Adequate shoulders are also
essential to realize the full capacity of
the surface width. Without adequate
shoulders, one disabled vehicle can re-
dace the capacity of both two-lane and
multilane highways during peak periods
by as much as 60 percent. There is at
least one disabled .vehicle for every 10,000
vehicle-miles of travel on main highways.
Without a place of refuge outside the
traffic lanes, one disabled vehicle can
reduce the capacity of a highway by
more than one lane, especially if the
lanes are less than 12 feet wide. The
disubled vehicle blocks one lane and re-
duces the capaeity of adjoining lanes by
restricting speeds.

The maximum capacity of a traffic lane
with vehicles moving at 20 miles per
hour is only 87 percent its cipacity at
80 miles per hour, At 10 miles per hour
a lane has only about 50 percent of its
30-nile-per-hour capacity. A minor ac-
cident which causes a reduction in speed
can result in complete congestion when
a facility is operating near its capacity.
Shoulders 10 feet wide are desirable and
& feet should be the minimum. Should-
ers as smill as 2 or 3 feet wide have
been used in the past, but even under the.
most extreme conditions, at least a 4-
foot shoulder should be provided.

The cross slope of the shoulder should
be greater than that of the pavement. A
shoulder with a high type of surfacing
should have a cross slope of approxi-
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mately one-half inch per foot; a turf
shoulder may have a slope as much as 1
ineh per foot; this rather steep cross
slope being necessary to carry water
away from the pavement,

Curbs and gutters

Curbs are seldom used on rural roads;
but they are generally a part of urban
or suburban- roadways. The design of
curbg varies from a low, flat, lip-type to
a vertical, or nearly vertical, barrier-
type. When a barrier, or nonmountable,
type of curb is used, it should be offset
a minimum of 2 feet from the edge of
the through traffic lanc. When curbs are
located adjacent to the through traffic
lane, the longitudinal drainage ig on the
roadway pavement. The eurb and gutter
may be constructed as a unit and placed
adjacent to ‘the roadway pavement.
When a high-type surfacing ig used on
the shoulders, the curb is often located on
the outer edge of the shoulder.

Drainage diltches

Ditches are provided to collect and
direct the flow of surface drainage along
and away from the pavement. They
should be low enough to drain water
from under the pavement, The profile
gradient of the ditch may vary congsider-
ably from that of the adjacent pavement,
This permits the use of very flat or
level profile on the pavement and pro-
vides adegnate drainage by the use of a
steeper gradient in the ditch section, A
rounded ditch section has been found to
be superior to a V-type of ditch which
is subject to severe washing action,

Side slopes

The side slopes of fills and cuts vary
with the type of material and geographic
location. Cut slopes in solid rock are
commonly vertical or nearly so; in un-
stable material they may be as flat as 1
to 3 or 4. Earth slopes as steep as 1 to
1 are rarely satisfactory and involve ex-
pensive maintenance. With present-day
construction equipment the flatter slopes
arc being used extensively, These flat
slopes result in a pleasing appearance
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and are less expensive to maintain than
the steeper slopes, Flat slopes should
always be used when the depth of cut or
fill is small. The transition from a cut
to a fill seciion should be gradual and
extend over a considerable length of
roadway. Ample rounding should be
provided at the intersections of the slope
with ghoulder and original ground.

Other features of multilane roads

The design of multilane highways and
expressways ineludes other. cross-sec-
tional elements, such as outer separators,
lateral or frontage roads, and border
strips. The width and type of geparator
between the through pavement and the -
lateral or frontage road is controlied by
the width of available right-of-way, lo-
cation and type of overpasses or under-
passes, and many other factors, ’

Existing streets adjacent and parallel
to a new facility may serve as frontage
roads, or new parallel roads may be re-
quired. Where feasible, frontage roads
should be designed for one-way traffic
only., When used for two-way operation
they not only complicate’ traffic opera-
tion at the intersecting streets, but also
create a very dangerous situation at the
intersection with the on and off ramps.

The border strip is that portion of the
highway between the outer curb of the
through roadway or frontage road and
the right-of-way line. It is generally
used for the location of utility poles and
a grass plot, Highways involving these
last mentioned elements of the cross
section are special cases and receive gpe-
cial consideration at the time of their
design.

Right-of-way

In general summary, most two-lane
highways have been developed on rights-
of-way from 60 to 80 feet wide, plus addi-
tional widths needed for high cuts and
fills. In many States, however, impor-
tant . two-lane highways are being de-
signed on rights-of-way of 100 to 150
feet. Such sections are found econom-
ical, especially in the prairie States
where flat, rounded slopes not only pro-
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vide a safer, better highway, but result
in ver_\} low costg for maintenance and
for snow removal during winter. Di-
vided highways are designed on rights-
of-way from 100 to 200 feet, and upward

- to 300 feet.

Controf of Access

A major item in the location and de-
sign of highways iy the spacing and de-
sign of access connections, 1, e., control
of access. The importance of this fea-
ture is now recognized, but many ob-
stacles have retarded its adoption in
many States. Itis known that the safety,
mobility, and efficiency of any highway
will vary greatly with the conditions
under which traffic operates, Operation
is affected appreciably by interference
from the roadsides and from traffic en-
tering or leaving at driveways and cross
roads. To preserve and protect the
highway as an efficient means of trans-
portation, the number of individual con-
nections to it (access connections)
should remain at the practicable mini-
mum, and their type and design should
be commensurate with the importance of
the highway. This can be accomplished
by legal means, through the obtainment
of ownership or easements over strips ad-
jacent to the highway ; or it may be done
by physical means, such as the termina-
tion of cross roads or development of
parallel frontage roads. Expressed other-
wise, it ean be done by any and all types
of control that will prevent indiscrim-
inate access to the through - lanes, es-
pecially from new roadside businesses
whose 'very existence is brought about
by the highway. Experience is replete
with examples of well-designed highways
in which obsolescence begins, capacity
decreases, and accidents increase from

the time they are opened to traffic be-

cause of the increasing interference due
to uncontrolled development of the road-
sides. On the other hand, controlled-ac-
cess highways 25 years old and older are
as efficient today as when they were con-
strocted. .

In its design details the problem of
access control is not especially difficult,
as each access is a form of intersection

for which design standards are well es-
tablished. In the ultimate form of &
freeway, the highway with complete con-
irol of access has connections spaced as
the engineer determines, and all cross
roads are separated in grade from the
pavements for through traffic. At the
other extreme, a preference street in an
urban area has a minimum of control of
access. Through traffic is given prefer-
ence by the use of stop signs at each
eross street. But each street crosses at
grade and in addition there are numerous
private driveways, alleys, ete., between
cross streets, each of which decreases the
efficiency of operation. It is evident that
freeways can be justified in many cases,
egpeciaily in or near metropolitan areas.
But for financial reasong, the vast ma-
jority of mileage and expenditure to be
made in present and future highways
will be for {ypes intermecdiate between
that of the preference street and the

freeway.

Infersections

Intersection designs and standards for
them are best considered in three groups: -
(1) Intersections at grade; (2) rotary in-
tersections; and (3) grade separations
and ramps. Standards for these groups
are recomnmended in detail in publica-
tions of the American Association of
State Highway Officials: 4 Policy on In-
tersections at Grade; A Policy on Rotary
Intersections; A Policy on Grade Separa-
tions for Intersecting Highways,; and the
Manual on Uniform Traffic Control De-
pices.

Intersections at grade

Figure 37 illustrates the major types
of intersection design treatment at grade ;
namely, all-paved intersections, inter-
sections with separate turning lanes, and
flared intersections, The all-paved in-
tersection includeg simple corner round-
ing, Use of separate turning lanes pro-
duces the “channelized” intersection with
islandsg between the lanes. Addition of
extra pavement widths at the beginning
and end of intersection curves is the
flared freatment, in its most common
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Figure 37.—Types of inferseciions at grade.

form, known as speed-change (or accele-
ration and deceleration) lanes. A proper
combination of these elements produces
the intersection at grade to best fit par-
ticular traffic and site controls.

The discussion on page 80 inclades in-
formation relative to the traffic capacity
of various intersections. More detailed
information on this subject can be ob-
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tained from the inaterial published by the
Committee on Highway Capacity of the
Highway Research Board.

Retary intersections

Rotary intersections are those in which
all traffic merges into, and emerges from.
a one-way road around a central island.
They are a form of channelized intersec-




tion. Because of the relatively large area
required for their development, the extra
travel distance within them, the necessary
speed reduction on the part of all entering
vehicles, and the limited capacity of the
weaving sections, rotaries are not being
designed today except in special instances.
It iy found possible to handle greater vol-
uvmes than formerly was thought feasible
in at-grade infersections, combining chan-
nelization and traffic signal controls. Tt
is found that partial-cloverleaf grade gep-
arations are comparable in over-all de-
velopment and operating costs to rotaries
properly designed. Thus the range of
traffic volume conditions wherein a ro-
tary is eonsidered most suitable hag nar-
rowed considerably during the last dec-
ade. Many existing rotaries in urban and
surburban areas have. been mude operat-
able under increasing traffic volumnes only
through installation of traflic signal con-
trols and stop-and-go operation, for which
their over-all shape is™ poorly suited.
Others have heen rebuilt to carry heavy
through traffic streams directly through
on a viaduet or subway facility.

In the design of a rotary intersection,
proper consideration should be given to
the following items: :

1. Design speed of the rotary consistent
with highway speeds.

2. Adequate length between radial
roads; i. e., the weaving length.

3. Suitable minimum radius of central
island. )

4. Adequate width of rotary roadway.

5. Proper design and loeation of direc-
tional iglands in the radial road.

6. Careful warping of pavement cross
slope to provide superelevation and mini-
mize throw at the crown line.

7. Inclusion of good sight distance and
reasonably flut grades.

8. Curb gections on islands,

8. Proper use of signs throughout.

The above and other pertinent design
elements are treated in detail in the Amer-
ican Association of State Highway Offi-
cials Policy on Rotary Intersections.

Grade separations and ramps

When a grade-separation structure is
used in an intersection to place the

through roadways at different levels, with
uninterrupted traffic flow on both, the
volume of traffic that can bé¢ passed
through the intersection can be made to
approach the sum of the open-ro\‘ad capac-
ifies of the intersecting highways.
Moreover, with proper attention to the
Iocation and design of connceting road-
ways (i. e, ramps) for the interchange
of traffic, all traflic can proceed through
the intersection with little or no intee-
ference, In the United States there is
now a considerable usage of ail types and
forms of grade-separation ramp layouts,
and plang nnder preparation include even
greater emphasis on such layouts.

The grade separation plan most com-
monly used for rural and suburban inter-
section conditions, and accordingly in use
in nearly all States, iz the cloverleaf or

© partial eloverleal. Ag shown in figure 38,

the cloverleaf (sometimes called a full
cloverleaf) isg a plan with a single separa-
tion structure and with ramps for both
directions of travel jn each of the quad-
rants. Al left turns are made without
direct crossing of traffic, by means of
exit to the right, a curve around to the
right (270°), and entrance from the right
of the through road., The partial clover-
leaf ig the same type of layout, but usually
with ramps in only two or three quad-
rants, as shown at the top of figure 38,
This ramp pattern results in lefl turns on
one or both of the through roads, de-
pending upon the ramp locations and
design,

With the current emphasis on improve-
ment of urban arterial routes, consider-
able use is heing made of the “diamond” -
ramp pattern, as shown in figure 39, In
basic form, this plan has a single separa-
fion structure and a one-way ramp in
each quadrant, with left turns in both,
directions .on the minor or cross road.
Thig pattern of ramps well fits a rela-
tively narrow right-of-way condition as
usually found in urban areds, Likewise,
the left turns at grade are consistent with
the normal streef intersections to be
found along the cross street. With par-
allel frontage roads, the ramp locations
mway he varied consgiderably from. the
truly diamond shape, as shown in the
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lower part of figure 39, to fit the site con-
ditions.

Signs, Signals, and Markings

The accepted standards for trafic signs,
signalg, and markings are set forth in
detail in the Manual on Uniform Traffic
Control Devices, 'Thig publication, pre-
pared by represenfatives of the Ameri-
can Association of State Highway Offi-
cials, the Institute of 'I'raffic Engineers,
and the National Conference on Street
and Highway Safety, contains criteria
for the installation and use of all recog-
nized control devices and prescribes the
essentialy of their design. It is in gen-
eral use by all highway agencies, A pri-
mary intent of the manual ig to obtain
greater uyniformity and effectiveness in
these important auxiliaries to safe, effi-
cient highway transportation.

Though signsg, signals, and markings
are, in a strict sense, relatively minor
appurtenances to a highway, they often
have a profound cffect on traffic move-
ment, and consequently should always be
integrated with highway design consid-
erations. In the preliminary processes
of design, it iy advisable to visualize the
future operating condition and the prob-
dble need for traffic-control deviceg, so
that adequate provisions for them may
be made in the roadway layout. This
joint consideration of design and con-
trol requirements at the planning stage
frequently leads to design changes that
lessen restrictions on traffic movement.

Urban Arferial Highways

Ag yet, there are relatively few nation-
ally recognized standards for urban ar-
terial highways. Most of the values and
dimensions mentioned heretofore in this
summary were derived for, and are ap-
plicable to rural conditions. ¥or high-
ways in urban areas, the upper or desir-
able design controls are greatly needed
because of the high traffic volumes. But
on the other hand, because of limited
rights-of-way, extensive urban develop-
ments, established patterns of operation,
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and economy in the city, it often is neces-
sary to seale down design standards.

In the abscnee of developed standards
for urban areas, the complexity of urban
design can be indicated by citing the fol-
lowing elements wherein there is signifi-
cant differences between rural and urban
degign :

1. Contrel of access is needed in urban
highways to a much greater extent than
on rural highways, where natural points
of access are infrequent.

2. Stage construction, as known in
rural areas, may be impossible in urban
areas because of the existing traffic to be
handled. Maintenance of existing traffic
und service to existing developments may
greatly affect the highway location and
design.

3. Alteration and replacement of all
types of utilitjes is an expensi ve and far-
reaching problem in urban areas.

4, Degign of drainage facilities for
urban highways requires a substantiaily
different type of analysis, and involves
a much greater proportion of total cost.

5. Factors of traffic distribution dur-
ing the year, the month, and the day may
be appreciably different than in rural
areas. These factors materially alter the
peak-hour design loads and, accordingly,
the type and extent of highway facilities
required.

6. Lane and pavement widths must be
a compromise between the known desir-
able values and the severe limitations of
gpace that can he made available.

7. Shoulders arc needed most on urhan
highways where high peak-hour volumes
occur daily, yet in thesc areas they are
difficult of attainment.

8. The combination of elements in the
highway cross sectlon must be adjusted
to fit the right-of-way that can be ex-
tracted from the existing urban develop-
ment.

9. Mass-transit vehicles (busses, trol-
ley busgses, and streetcars) also must be
considered in the over-all transportation
facility, sometimes at the expense of full
mohitity for through traffic,

10. Street lighting usually is included
in an urban facility.




#

11. Because of the frequency of crossg
streets and other access connections, there
is need for utilization of all types of
traffic-control devices (signs, pavement
markings, trafiic signals, islands) and po-
lice-officer control.

12, With concentrated development
along them, greater atlention must be

paid to ecsthetics in urban highways.
This calls for adeguate right-of-way, flat
slopes and rounded cross section, appro-
priate Jandscaping, and architectural
treatment to obtain pleasing structures:
in short, a green-belt development to the’
extent feasible within the available right-
of-way. '

107




STANDARDS OF DESIGN FOR BRIDGES AND CULVERTS

In the United States, bridges of a
length of 20 feet and less between abut-
ments are called culverts. The term
“pridge” is reserved for structures more
than 20 feet in length between abutments.

In general practice, bridges of a
length of 50 feet and less are termed
“short bridges.” In the standards adopt-

ed for the interstate highway system,
however, the term “short bridge” is ap-
plied to bridges of a length of 80 feet and
less between abutments.

general alinement and grade of the high-
way of which they form a part. Where
structural or architectural eonsiderations
malke it desirable to adjust the alinement
and grade of the highway to a particular
bridge location, standards of road aline-
ment govern the character of the adjust-
ment,

Width

The width of bridge roadways is gen-
erally not less than 6 feet greater than

Bridge fypes: A pony fruss.

Location and Design

All culverts invariably, and all bridges
wherever feasible, are located to fit the

Bridge types: Muliiple box culvertf.
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the width of ihe approach pavement. If
the lane width of the approach pavement
exceeds 12 feet or if safety curbg are
provided on the bridge, the bridge road-
way width should exceed the width of the
approach by at least 4 feet. 1f both con-
ditions exist, the bridge roadway width
should exceed the width of the approach
pavement by at least 2 feet.

On short bridges the width of the
bridge roadway is made the same as the
combined width of the pavement and
shoulders of the approach highway. The
same rule holds for the clear width at
culverts.
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Vertical clearance

Vertical clearance on bridges is gener-

ally not less than 14 feet. The same
clearance is generally provided at all
pointy vertically over the pavement, but
may be reduced to not less than 12%
feet over the outer edges of the shoulderg
of the lower highway.

The H-S loadings consist of a two-axle
tractor-truck with a single-axle semi-
trailer or corresponding. “lane loading.”
Numbers following the H and 8 indicate
the gross weight in tons of the standard
tractor-truck and semitrailer respec-
tively, as H15-812.or H20-816.  The dis-
tance between the front and rear axles of

Bridge types: Stone-faced two-span continvous rigid frame.

Design Live Loadings

Bridges and culverts are designed to
support standard live loadings specified
by the American Association of State
Highway Officials. Two systems of load-
ing are specified, designated respectively
as H loadings and H-8 loadings.

H and H-S londings

The H loadings consist of a two-axle
truek or corresponding “lane loading,”
the latter consisting of a specified uni-
formly distributed load and a concen-

trated load equivalent in their effect to -

the specified trucks., A number follow-
ing the H designation, as H15 or H20, in-
dicates the gross weight in tons of the
standard truck used in the loading. The
distance between the two axles of the
standard truck is invariably 14 feet.

the tractor-truck is invariably 14 feet.
The distance between the rear axle of the
tractor-truck and the semitrailer axle
varies from 14 to 30 feet, the gpacing
used being that which produces the maxi-
muirn stress.

The rear axles of the H trucks and the

=

e

i

Bridge types: Confinvous steel girder spans.
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tractor-trucks of the H-8 sgeries are in-
variably loaded with four-fifths of the
grogs weight of the truck or fractor-truck.
The load on the axle of the gemitrailer of
the H-§ serieg iz invariably the same as
that on the rear axle of the tractor-truck.
Thus, the axle loading of the 120 truck
is 8,000 pounds on the front and 32,000
pounds on the rear axle. On the H15
truck the front axle ig loaded with 6,000
pounds, the rear with 24,000 pounds.
Similarly, the axle loading of the H20-
816 combination is $,000 pounds on the
front axle and 32,000 pounds on the rear
axle of the tractor-truck and 32,000
pounds on the semitrailer axle.

Choice of sfandard loading

The choice of the standard loading ap-
propriate for the design of a particular
bridge depends upon the cstimate of the
traffic that will develop within the life of
the bridge and varies with the highway
gystem on which the bridge is located.
Bridges on the interstate highway sys-
tem are currently being designed for

H20-816 loading, The great majority of’

bridges constructed on the Federal-aid
system have been designed for H15 load-
ing, but there las been a tendency in re-

cent years to adopt the heavier H20
loading for bridges in this system.

The npumber designationg of the
standawed leadings have cootributed to a
widespread erroneous belief that the
bridges correspondingly designed are lim-
ited in their design capacity to the sup-
pert of vehieles of the indicated weight in
tong. This is true only with respeet to
vehicles of the same wheel hase ag the
standard vehicle. Substantially heavier
vehicles may occasion no greater stresses
in bridges of moderate spang if the wheel
base is enough longer than that of the
standard vehicle to materially reduce the
rate of loading.

Also, it is to be remembered that though
an occasional heavy vehicle may cause
higher stresscs, if the repetition of guch
loads ig infrequent, the stresses occa-
stoned may approach the yield point of

the material compoging the - stroeture’

without danger. Thus, an H20-816
bridge will carry safely an occasional
load approximating H40-S32 loading.

Tt is being increasingly realized that
additional carrying capacity is cheap. If
present conditions are satisfied by an
H10 bridge, a slight additional expendi-
ture, usually well under 10 percent, will

Bridge types: Rustic limber span in a park area.
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Bridge types: through tied-steel arch,

provide a structure designed for HI5.
For an expenditure of about 10 percent
it iz usually possible to increase the capa-
city of an H15 bridge about one-third to
H20-816.

" Common Bridge Types

The types of bridges generally used
are: culverts, pile tresties, viaducts,
slabs, beams, girders, frames, arches,
trusses, suspension, and movable spansg.
Some of these types, such as the beams,
girders, frames, and trusses, are fre-
quently varied in the manner of sup-
port used, such as simple, cantilevered, or
continuous. - The cantilevered support

naturally lends itself to longer spans than ’

the simple heam. Likewise the continu-
ous beam is more economical of material
than the simple beam, but it is necessary

that the foundation for continuous
bridges be restricted in the possibility of
settlement, a limited amount of which

“would not so seriously damage the sim-

ple or cantilevered-and-suspended span
bridge. Continuous econstruction has
come strongly into the bridge field during
the past few. vears for all materials.
Continuous beams and girders are among
the most common types of bridge strue-
tures today.

For steel work, the beam and plate
girder types can be fabricated at mini-
mum cost, and painting and maintenance
cogts are also low. Owing to their com-
pactness and simplicity these structures
are better able to resist shock, vibration,
overstress, and damage due to accidents.
Except for unusual conditions the erec-
tion cost for beams and girders is de-
cidedly less than for trusses.




0

Bridge types: Continuous I-beam spons.

Culverts are generally constructed of
either concrete or corrugated sheet metal.
These structures normally furnish the
ultimate in economy of first cost. They
may be designed to suit practically all
locations where the required area of wa-
terway is not large. The roadway may
be carried directly on the culvert slab or
on an earth fill at any desired height.

Of the wusual bridge types, the pile
trestle is the most economical and serv-
iceable and the most rapidly constructed
for bridges of the greater lengths. The
pile trestle may utilize various {ypes of

- guperstructures, such as slabs, beams, or

girders.
Viaducts are a speeial type of trestle
suitable for the crossing of deep valleys

Bridge fypes: A concrefe rigid frame.
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where the roadway is located at a con-
siderable height, or in urban areas where
long length of a typical design is required.
In these cases, piles give away to towers
o' bents which support girder or truss
spans.

Through steel-truss spans are not used
as frequently today as they were two
decades ago, because of a unit cost
greater than that for girder bridges, and
cspecially on aceount of the impracticabil-
ity of widening most through bridges.
One of the principal advantages of the
deck type of bridge is the fact that it may
be widened in the future when an increase
in volume of traffic necessitates such a
change. The through truss bridge still
has a field of usefulness in localities
where the transportation and crection
of heavy girders would be impracticable.
The field of usage for the low or pony
truss bridge has been severely narrowed.

Deck truss bridges are used where the
underclearance requirements permit,

The following will give an idea of the
approximate maximum span lengths for
the various types:

Peet

Timber stringer. . .__ 22
Timber truss . ._._ 80
Timber arches.___________ 180
Concrete slabs, continuous 45
Canerete rigid frames. ___ 75
Concrete simple girders_.. 50
Concrete girders, continu-

OUS e 100
Concrete arches__._. . __ 460
Steel simple beams.______ T0
Steel continuous beéams__ - 100
Steel rigid frames____.__ 100
Steel simple girders._____ 125
Steel eontinuous girders__ 300
Steel simple trusses___.__ 600

Steel continuous trusses_ 850
Steel cantilever trusses:. 1,400
Steel arches.________.___ 1,650
Suspengion bridges..____ 4, 200

Materials Used in Bridges

The materials principally vsed in the
construction of highway bridges are tim-
ber, stone or concrete masonry, and steel,
or a combination of these materials,

Bridge types: Deck steel arch.
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Bridge types: Elevated highway in an urban area.

Timber is used for foundation piles,
cofferdams, falsework, forms for con-
crete, and for superstructures, including
floors and railings. Owing to its rapid
deterioration when exposed to the ele-
ments, timber is used very largely for
temporary structures, although preserva-
tive treatment greatly enhances its usetul
tife. Timber piles ynder water are not
subject to weathering conditions.

Stone masonry is used for culverts,
arch bridges, and for faeing concrete
structures where architectural treatment
is of prime importance, as in park and
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urban areas. Its cost is considered pro-
hibitive for general bridge work. The
greater proportion of bridges are con-
structed of reinforced concrete or steel.
Plain or unreinforced concrete is used
for parts of substructures and sometimes
for small arch culverts. Otherwise, all
conerete used in bridge construction is
reinforced with steel bars, Steel and
concrete are closely competitive in cost
and the choice ig determined largely by
the availahility of local materials and
transportation costs.




BIBLIOGRAPHY: HIGHWAY SYSTEMS AND STANDARDS

A Trafic Survey of the New. Orleans
Metropolitan Area, 104445, Louisiana
Department of Highways in coopera-
tion with Public Roads Administration.

America Goes to Town, Paul G. Hoffman,
April 29, 1939, Saturday Evening Post,
vol. 211, No, 44, p. 8.

Amount and Characieristics of Truck-
ing on Rnral Roads, John T, Lynch and

Thomas B. Dimmick, Pumirc RoADS, -

vol. 23, No, 9, .July-Aug.—Sept. 1943
(Superintendent of Docuinents, U. §.
Government Printing Office, Washing-
ton 25, D. C. 10 cents).

Analysis of Urban Travel by Survey
Technique, a reprint of an article by
Thomas H. Mac¢Donald in Ameriean
T'ransit  Association’s 1944 Issue of
Convention-in-Print (American Tran-
sit Association, 292 Madigon Ave., New
York 17, N. Y.).

Application of Driver Behavior and Ve-
hicle Performance Studies, H. H.
- Holmes, Proceedings of the Highway
Research Board, vol, 21, 1941, p. 408.*

Influence of Bridge Widths on Trangverse
Positions of Vehicles, W. P. Walker,
Proceedings of the Highway Research
Board, vol. 21, 1941, p. 361.*

Passing Practices on Rural Highways,
C. 'W. Prigk, Proceedings of the High-

way Research Board, vol. 21, 1941, p.

366.*%

*Reprint of the thyee preceding articles is
available from the Highway Research
Board, 2101 Cunstitution Ave., Wash-
ington 25, D. (., 50 cents,

Automatic Recorder for Counting High-
way Traffic, R. ¥. Craig, Porric Roaps,
vol. 19, No. 3, May 1938 (Superin-
tendent of Documents, U. 8. Govern-
ment Printing Office, Waghington 25,
D. C., 10 cents).

Bridges and Their Builders, David B.
Steinman and Sara R. Watson, 1941

(G. DP. Putnam’s Sons, New York,
N. Y., $3.75). ’

Bridge Bngineering, 2 vols.,, John A. L..
Waddell, 1918 {(John Wiley & Sons,
Inc., New York, N, Y., §12),

Capacity of a Traffic Lane, O. K. Nor-
mann, 1946 Proceedings of the Insti-
tute of Traffic Engineers, p. 135 (In-
stitute of Traffic Hngineers, Strath-
cona Hall, New Haven 11, Conn., $2).

Design Standards for Construction and
Reconstruction of  Secondary and
Feeder Roads, adopted by the Ameri-
can  Association of State Highway
Officials, 1945 (Public Roads Admin-
istration, Washington 25, D, C.).*

Design Standards (Geomeiric) for High-
ways (Primary) adopted by the Amer-
ican Association of State Highway
Officials, 1841 (Public Roads Admin-
istration, Washington 25, D. C.}.*

Design Standards for the National Sys-
tem of Interstate Highways, adopted
by the American Association of State
Highway Officials, 1945 (Public Roads
Administration, Washington 25, D. C.)*

*These design standards are also avoil-
able from the American Association
of State Highway Officials, Nuational
Press Building, Washington 4, D. .,
in pomphlet form, 15 cenis,

Distribution of Motor-Vebicle Registra-
~tions and Tax Payments by Regiong
and Population Groups, Ralph 8,
Tewis and Homer L. Baker, PuUsLic
Roaps, vol. 22, No. 11, January 1942
(Superintendent of Documents, U. S.
Government IPrinting Office, Washing-
ton 25, D. C,, 10 cents}.

Drainage and HFlood-Control Engineer-
ing, George W. Pickel, 1941 (McGraw-
Hill Book Co., Inc.,, New York and Lon-
don, $4.50).

Economics of Highway Bridge Types,
Conde B. McCullough, 1929 (Gillette
Publishing Co., Chicago, 111, $5).

115




Effect of Length of Grade on Speed of
Motor Vehicles, A. Taragin, Proceed-
ings of the Highway Research Board,
vol, 25, 1945, p. 342 (Highway Research
Board, 2101 Constitution Ave., Wash-
ington 23, D, C., $5).

Effect of Roadway Width ‘on Vehicle
Operation, A, Taragin, Pusric Roaps,
vol, 24, No. 6, Oct.—Nov.-Dee, 1945 (Su-
perintendent of Documents, U, 8. Gov-
ernment Printing Office, Waghington
25, D. C., 15 cents). :

For Better Roads, Thomas H. MacDon-
ald, June 1940, Scientific American,
vol. 162, No, 6, p. 344 (Munn & Co., Inc,,
24 West 40th St.,, New York, N. Y, 35
cents).

Foundations of Bridges and Buildings,
Henry 8. Jacoby and Roland P, Davis,
1241 (McGraw-Hill Book = Co., Inc,
New York, N. Y., and London, $5.50).

Handbook of Applied Hydraulics, Cal-
vin V. Davig, 1942 (McGraw-Hill
Book Co., Inc, New York, N. Y., §8).

Highway Bridge Location, U. S, Depart-
ment of Agriculture, Department Bul-
letin No. 1486, 1927, Conde B. MceCul-
lough (Superintendent of Documents,
U. 8. Government Printing Office,
Washington 25, D. C., 15 cents).

Highway Capacity Manual, report of
Committee on Highway Japacity,
Tlighway Research Bourd (Highway
Research Board, 2101 Constitution
Ave., Washington 25, D. C.).

Program and Project Planning, Roy K.
Jorgensen, Connecticut State Highway
Department.*

Report of Committee on Uses of High-
way Planning Survey Data, Thomas B.
Dimmick, Public Roads Administra-
tion.*

Urban Planning Problems, J. Carl Mc-
Monagle, Michigan State Highway De-
partment.*

Uses of Highway Survey Planning Data
in Highway Finance and Tadxation,
Charles M. Noble, New Jersey State
Nighway Department.*

*Highway Planning Papers, Highway Re-
search Board Bulletin No. 6, July 1947
(Highway Research Board, 2101 Con-
stitution Ave., Washington 25, D, C.,

© 45 cents).

116

Hill-CHimbing Ability of Motor Trucks,
Carl . Saal, I'vsiic Roaps, vol. 28, No.
3, May 1942 (Superintendent of Docu-
ments, U, 8. Government Printing Of-
fice, Washington 25, D, ,, 10 cenis),

Influence  of Alinement on Operating
Characteristics, O. K. Normann, Pro-
ceedings of the Highway Research-
Board, vol. 23, 1943, p. 329 (reprint,
Highway Research Board, 2101 Con-
stitution Ave., Washington 25, D. C,,
30 cents).

Influence of Driver Characteristics on
Passenger Car Operation, 0. K. Nor-
mann, Proceedings of the Highway Re-
search Board, wvol. 24, 1944, p. 318
(Highway Rescarch Board, 2101 Con-
stitution Ave.,, Washington 25, D. C,
$5).

Interregional Highways, House Doe.
No. 379, 78th Cong., 2d sess., 1944 (Su-
perintendent of Documents, U. 8. Gov-
ermmment Printing Office, Washington
25, D. C., 73 cents).

Introduction to Reinforced Concrete De-
sign, Hale Sutherland and Raymond ¢,
‘Reese, 1943 (John Wiley & Sons, Inc,
New York and London, §5).

Life Characteristics of Surfaces Con-
structed on Primary Rural Highways,
Robley Winfrey and Fred B. Farrell,
Pueric Roans, vol 22, No, 1, Muar, 1941
(Superintendent of Documents, U, S,
Government Printing Office, Washing-
ton 25, D. C., 10 cents).

Manual on Uniform Traffic Control De-
vices for Streets and Highways, by a
Joint Committee of the American As-
sociation of State Highway Officials,
the Institute of Trafiic Engineers, and
the National Conference on Street and
Highway Safety, 1948 (Superintendent
of Docaments, U. 8, Government Print-
ing Office, Washington 25, D. ¢, 50
cents).

Metropolitan Traflic Surveys Improved by
Home-Interview Method, D. L. True-
blood, Jan. 10, 1946, Engineering News-
Record, vol. 136, No. 2 (McGraw-Hill
Book Co. Inc., New York, N, Y.).

Movable and Long-Span Steel Bridges,
George A, Hool and William S, Kinne,
1923 (MeGraw-Hill Book Co,, Inc,
New York, N. Y., $5.50).




Objects and Methods of State-wide High-
way Planning Surveys, H, 8. Fairbank,

© January 1937, American Highways, vol.
18, No. 1, p. 22 (American Association

of State Highway Officials, National

Press Building, Washington 4, D. C.).

Pile-Driving Handbook : Theory, Design,
Practice of Pile Foundations, Robert
D. Chellig, 1944 (Pitman Publishing
Corp., Chicago, I1l. and New York, N,
Y., $4.560).

Pile IFoundations and Pile Structures,
American Society of Civil Engineers
Manual of Engineering Praectice No. 27,
1946 (American Society of Civil En-
gineers, 83 West 39th St., New York
18, N. Y., $1.10).

Policy Concerning Maximum Dimensions,
Weights and Specds of Motor Vehicles
to be Opcrated Over the Highways of
the United States, adopted by Ameri-
can Association of State Highway Of-
ficialg Apr. 1, 1946 (Public Roads Ad-
ministration, Washington 25, D. C.).

Policy on Criteria for Marking and Sign-
ing No-Pasging Zones on Two- and
Three-Lane Roads, adopted by the
American Association of State High-
way Officials, 1940 (American Associ-
ation of State Highway Officials, 1220
National Press Bldg., Washington 4,
D. ¢, 50 cents).*

Policy on Grade Separations for Inter-
secting Highways, adopted by the
American Association of State High-
way Officials, 1944 (American Associ-
ation of State Highway Officials, 1220
National Press Bldg., Washington 4,
D.C, §1).*

Policy on Highway Classification, adopted
by the American Association of State
Highway Officialg, 1938 (American As-
sociation of State Highway Officials,
1220 National Press Bldg., Washing-
ton 4, D. C,, 50 cents).*

Policy on Highway Types (Geometric),
adopted by the American Association of
State Highway Officials, 1940 (Ameri-
c¢an Association of State Highway Of-
ficials, 1220 National Press Bldg.,
Waghington 4, D, C., 50 cents).*

Policy on Intersections at Grade, adopted
by the American Association of State
Highway Officialy, 1940 (American As-

sociation of State Highway - Officials,
1220 Nutional Press Bldg., Washington
4, D, C, 50 cents).*

Policy on Rotary Intersections, adopted
by the American Associution of State
Highway Officials, 1941 (American As-
sociation of State Highway Oflicials,
1220 National Press Bldg., Washington
4, D. C., 50 cents) . *

Policy on Sight Distances for Highways,
adopted by the Amecrican Association
‘of State MHighway Officials, 1940
(American Association of Statc High-
way Officials, 1220 National Press
Bldg., Washington 4, D. C., 50 cents).*

*The complete sel of seven policies may
be purchased for $2.25).

Practical Tunnel Driving, Harold W.
Richardson and Robert 8. Mayo, 1941
(MeGraw-Hill Book Co., Ine, New
York, N. Y., $5.50).

Preliminary Results of Road-use Studies,
Robert H. Paddock and Roe P.vRodgers,
Pustic Roaps, vol. 20, No. 3, May 1939
(Superintendent of Documents, U. 8.
Government Printing Office, Washing-
ton 25, D. O, 10 cents). .

Results of Highway-Capacity Studies, by
0. K. Normann, Pusric Roaps, vol. 23,
No. 4, June 1942 (Superintendent of
Documents, U. 8. Government Printing
Office, Washington 25, D. C., 10 cents).

Road, Vehicle and Traffic, June 9, 1938,
Engineering News-Record, vol. 120, No.
28, p. 823 (McGraw-Hill Book Co., Inc,,
330 West 42d St., New York, N, Y.).

Rock Tunneling With Steel Supports, R.
V. Proctor and T. L. White, 1946 (Coin-
mercial Shearing & Stamping Co.,
Youngstown, Ohio, $2.507).

Simplified Methods for Travel Studies in
Smaller Cities, Daniel (’Flaherty,
1947 Proceedings of Highway Research
Board, vol. 27 (reprints available from
Highway Research Board, 2101 Con-
stitution Ave.,, Washington 235, D. C.).

Soil. Krosion and Its Control, Quincy C.
Ayers, 1936 (McGraw-Hill Book Co.,
Inc., New York, N. Y., $4).

Soil Mechanics in Engineering Practice,

- Karl von Terzaghi and Ralph B. Peck,
1948 (John Wiley & Sons, New York,
N. Y., $5.50).

117




Some Characteristics of Motor-Vehicle
Travel, Robert H. Paddock, PosrLic
Roaps, vol. 23, No. 2, Apr. 1942

~ (Superintendent of Documents, U, 8,
Government Printing Office, Washing-
ton 25, D. C., 10 cents).

Specifications for Welded Highway and
Railway Bridges; Degsign, Construction
and Repair, the American Welding
Society, 1947 (American Welding So-
ciety, New York, N, Y., 75 cents).

Standard Specifications for Highway
Bridges, bth edition, 1949, American As-
sociation of State Highway Officials
(American Association of State High-
way Officials, 1220 National Press Bldg.,
Washington 4, D, C,, $3).

Standard Specifications for Movable
Highway Bridges, American Associa-
tion of State Highway Officials, 1938
(American Agsociation of State High-
way Officials, National Press Bldg.,
Washington 4, D. C., 50 cents).

State of Improvement of Rural Roads in
Relation to 'Traflic and Dwellings
Served, John T. Lynch and Thomas B.
Dimmick, Pusric Roaps, vol. 21, No. 8,
Oct. 1940 (Superintendent of Docu-
ments, U. 8. Government Printing Of-
fice, Washington 25, D. C., 10 cents).

Suggested Approaches to the Problems of
Highway Taxation, G. P. 8t. (lair,
1947 Proceedings of the Highway Re-
search Board, vol. 27 (reprints avail-
able from Highway Research Board,
2101 Constitution Ave., Washington 25,
D C)

Suspension Bridges, David B. Steinman,
1929 (John Wiley & Sons Inc., 440 4th
Ave., New York, N, Y., $5).

The National Highway Planning Survey
and Secondary Roads, H. 8., Fairbank,
1940 Convention Proceedings, American
Road Builders’ Association, p. 532
(American Road Builders’ Association,
National Press Bldg., Washington 4, D.
C.J.

The New Period and Highway Planning
Surveys, Dr. L. I. Hewes, Sept. 1937,
Roads & Streets, vol. 80, No. 9, p. 60
(Gillette Publishing Co., 400 West Mad-
ison 8t., Chicago, 111.}.

18

The World's Biggest Laboratory:

(1} Highway Surveys Sponsored by the
U. 8. Bureau of Public Roads Now Go-
ing Forward in 46 States in an Effort
to Overcome the Vast Traffic Problems
Which Exist Throughout the Nation—
Part I, July 1939, Highway Builder, vol.
18, No. 7, p. 7;

(2) Traffic Count Important to Future
Construction Plans—Part I, Aug. 1939,
Highway Builder, vol. 18, No. §, p. §;

{8) Financial and Hconomic Studies are
Hssential to the Success of the Survey
and the Application of Survey Find-
ings—Part III, Sept. 1939, Highway
Builder, vol. 18, No. 9, p. 183 (Associated
Pennsylvania Constructors, Harrisburg,
Pa.).

Theory of Structures, 8. Timoshenko and
D. H. Young, 1945 {McGraw-Hill Book
Co., New York, N. Y., $5).

Theory and Practice of Modern Framed
Structure Degigned for the Use of
Schools and for Engineers in Profes-
sional Practice, John B, Johnson, C. W.
Bryan, Frederick E. Turneaure, 1926
{John Wiley & Sons Inc., New York,
N. Y. Part I, $3.795; Part II, $5.50; Part
111, $5.50).

Timber Engincery’ Handbook, Howard J,
Hansen, 1948 (John Wiley & Sons, New
York, N. Y., $10).

Traffic Plunning Studies in American
Cities, John T. Lynch, PuBLIc R0ADS,
vol. 24, No. 6, Oct.—Nov.-—Dec. 1945
(Superintendent of Documents, U, 8.
Government Printing Office, Washing-
ton 25, D. C., 15 cents).

Transition Curves for Highways, Joseph
Barnett, 1940 (Superintendent of Doc-
uments, U. 8. Government Printing Of-
fice, Washington 23, D. C.,, $1.25).

Ventilation of Vehicular Tunnels, A Re-
port of T. 8. Bureau of Mines to New
York State Bridge and Tunnel Commis-
gion and New Jersey Interstate Bridge
and Tunnel Commission, A. C. Fieldner
and others, 1927 (reprint, Journai of
American Society of Heating and Venti-
lating Engineers, New York, N. Y.}.




Part 3

: LOCATION AND DESIGN

LOCATION OF HIGHWAYS

The previous discussion has been con-
cerned with the grouping of highways
into systems rationally related to func-
tion and the portionment of governmental
responsibility. for administration, and
with the standards of what has been
termed the geometric design of highways
and bridges essential to the proper accom-
modation of their determined probable
usage by traffic in specifie volumes, com-
posed of vehicles of definite character-
isties, operated at assumed desirable
speeds.
© We now turn to matters concerned with
the specific location of highways within
the determined systems and the design of
the physical features of the highways,
including their drainage, foundations,
and surfaces. In these respects the guid-
ing purposes are:

1. To place the highway in optimum
conformity with its terrain and adjoin-
ing land uses;

2. To protect the highways and bridges
against the destructive action of water;
and '

3. To provide foundations, structures,
and surfaces which, at an optimum com-
bination of ¢onstruction and maintenance
cost, economically related to the value
of the transportation service to be af-
forded, will have the strength to resist
anticipated traffic and natural forces.

In approaching these phases of the dis-
cussion it is logical to begin with a con-
sideration of the objectives and methods
of location as they are viewed and prac-
ticed in the United States.

First, it should be borne in mind that
many miles of highways, especially in the

more fully developed areas of the coun-
try, are now substantially fixed in their
existing locations. Reconstruction of
these highways occurs periodically in
projects a few miles in length, with no
choice of new location at all. When
short sections of such highways are re-
located to correct local deficiencies of
alinement, the objectives are the same as
those which are sought in more extended
new location or relocation, but the meth-
ods are, generally, the familiar methods
of ground surveying. '

Location Objectives

Modern American highways, in con-
trast with those in some other countries,
are designed almost exclusively for motor
vehicles. Our main reason for relocating
and reconstructing the average primary
highway is the fact that it has become ob-

" solete for use by existing veolumes and

types of motor traffic. The main objec-
tives of new highway location include the
following, among others: ]

1. A location is desired which will, as
far as possible, provide at lowest possible
cost permanently optimum operating
conditions for a gradually developing
stream of composite traffic [1]1.2

2, This means a location which meets
standards of grade, alinement, and sight
distance based on actual existing and
probable future traffic over a period of at
least 25 years.

‘2 Kumbers in brackets refer to numbers in
the Bibliography, page 172,
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3. A location to standards which will
permit operation of vehicles at a constant
average design speed, without gear shifi-
ing in ascent or braking in descent.

These objectives and others of equal
importance require complete topographic
and land use information between the
terminal points selected before the high-
way location survey begins. The final
ohjective of such a survey will he the use
of such complete information in obtain-
ing the best possible permanent location
of the highway, considering the standards
of construction believed justified by
future traffic.

Reconnaissance Surveys

Modern American practice in highway
location involves four typical stages [2]
which may be briefly deseribed as:

1. Reconnaissance of the region or gen-
eral area through which a proposcd new
or .relocated highway is to pass.

2. Reconnaissance of possible alter-
nate rottes indicated by existing regional
maps and supplementary regional sur-
veys. In this second step best locations
are selected for:

3. Preliminary location surveys.

4. Final location surveys and prepara-
tion of plans are the culmination of the
highway location process.

Reconndissance of the region

The first stage of highway location is
the determinuation, not of a gingle route
or highway location, but of all feasible
routes in the region through which the
proposed new or relocated highway will
pass. This survey stage is largely based
on exigting maps where available, supple-
mented by aerial photographs and mosa-
jes obtainable from wvarious sources.

Reconnaissance of alternate rovfes

The second stage has as its purpose the
selection and comparison of a series of
possible alternate routes. As now car-
ried out by aerial survey methods, this
reconnaissance usually covers a series of
strips or zones of land from 1 to 5 miles,
or more, in width, Best adapted for
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such aerial coverage are strip photo-
graphg at scales of from 400 to 600 feet
per inch. In highly developed suburban
or urban areas photogrammetric maps
made from such photographs to seales as
large as 200 feet per inch, wilh a con-
tour interval of 5 feet, have been used.
In very heavy, mountainous topography
such large scale maps are often useful,
both in this stage and in the preliminary
Tocation stage following, Under usual
conditions, in open, undeveloped country,
photogrammetric contour maps at a scale
of 400 to 500 feet per inch, with a 10-foot
contour interval, are satisfactory.

Aerial surveys

Muin features of aerianl surveys for al-
ternite route reconnaissance may be sum-
marized as follows:

1. Flight lines are laid out covering a
series of strips or zones of land from 1
to b miles wide containing possible alter-
nate routes. The small-scale topographic
maps or mosaics, mentioned under stage
1, arce used for this purpose.

2. The strips shown on the small-scale
mosaics or maps are flown over and pho-
tographs are taken at desired scales, pref-
erably 400 to 600 feet per inch. These
photographs will normally have about 55
percent overlap along the strip, with 26
to 35 percent of side lap.

3. The photographs are examined
under the stereoscope, and ground trav-
erses and base lines are run to locate
control points, such as road intersections,
building corners, and the like. Thege
control points, to be usable, should be
casily recognized both on photographsg and
on the ground,

4, After ground control surveys are
run and bench marks established by level

parties, these known control points are -

located on base map sheets.

5. Photogrammelric mapsg can then be
made, within the secale limits mentioned,
by commereial mapping organizatione.
Costs of such mapping at 500 feet per inch
and 10-foot contour interval in 1945 were
in the neighborhood of 50 cents per acre,
a map of 200-foot-per-inch scale and 5-
foot contour interval costing about $1.00
per acre.
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Pointy of importance are: (1) that
such maps must be correct up to the
minute; (2} that they must be accurate
in horizontal measurement to the Timits
of accurate measurement at the scales
provided ; and (3) that contours can be
provided with elevation aceuracy on 90
percent of areas covered to within half
the contour interval.

The wvsual final operation in thig stage
of reconnaissance will be the selection of
the mosi direct and economical route for
the preliminary surveys to follow,

Ground reconnaissance

The above description of aerial survey
procedures should not be understood to
imply that gronnd reconnaiggance is not
of great value. DBy ground processes,
however, only the individual locator ean
retain full knowledge of the strips over
which alternate routes will pass. In
rough topography, or in developed sub-
urban or urbdn aredas, the vision of the
reconndissance party on the ground is
limited and many details must be sup-
plied by memory and from field notes.
Reconnaissance by .aerial methods, in
contrast, removes the possibility of indi-
vidual errors in judgment. Alternate
routes shown on paired photogiaphs
under the stereoscope and on good pho-
togrammetric maps are recorded in every
detail. With such paired photographs
and the contour maps made from them,
there should be no possibility of doubt
that the best and most economical route
has been selected for preliminary loca-

~tion survey.

Preliminary Locafion Surveys

Let it now be assumed that three or
movre alternate rontes huve been selected
and mapped for study. Assume, also,
that there are overlupping strip photo-
graphs at a 500-foot per inch gcale
(1:6,000) and a photogrammetric con-
tour map at this same scale with 10-foot
contour interval. A’ trial line can now
be laid down on the map, with a spline,
which will follow in very close approxi-
mation such a line staked on the ground.
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Such a line will readily avoid badly
drained ground, impassible rough fopog-
raphy, valuable buildings, or.other .oh-
stacles. The line will cross streams at
points. seen to be redasonably practicable
as bridge sites. In cases of doubt, ques-
tioned points can be identified on paired
photographs under the stereoscope and
cxamined in detail on the ground., Fi-
nally, from such photographs and maps,
rough estimates of excavalion yardage,
bridge and culvert construction. costs,
and the like can be made. The usnal
result of such caleulations in open un-
developed country will be to make possi-
ble selection of a single, best, and most
economical line locaticn on the contour
map. This selected preliminary location
will tf{en e ready for preliminary sur-
vey.

The preliminary location survey will
usually require aerial photography on &
strip 14 to 1 mile wide. Details such as
fence lines and property line corners
must be identifiable -and accurate estima-
tion of excavation yal"dugé will he nee-
essaly at this stage, Location of points
of curvature and points of iangency on
the map will be required, These details
will requite contour map scales of from
200 to 100 feet per inch, although only in
built-up suburban areas will the Iarger
of the two scales be required.. The 200
feel per inch contour map can be Pre-
pared from the 500 feet per inch photo-
graphs taken for stage 2.

Value of aerial photography

Important peints to be emphasized in
the preliminary loeation stage are these:

1. Previous reconnaissance stages of
survey have covered wide bands or zones
of ground area. The preliminary survey
stage brings the zone of coverage to a
strip from 14 to 1 mile wide, on which
contour lines will be obtained.

2. At the usual scale of 200 feet per
inch, a line can be laid down, on the map
and photographs, which can be Jocated

-on the ground and, when desired, staked

out.

3. At the geale. of 200 feet pm inch,
estimates of yardage of excavation can
be made for the selected line. Such es-
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Preliminary locafion of a main intersection on a new eastern parkway. These trial lines are
laid down on the phologrammetric map with a spline. As a rule, no lines need be stoked
out on the ground uniil the best of fhe alternate preliminary locations has been selected.
Estimates of excavation yordage were made, using the 5-foot confours, and were wifthin §
percent of actval yardage excavated on the selected lines.,
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timates, when checked by cross section-
ing and compulation, have been within
3 percent of the actual excavation quanti-
ties.

4, Field stake-out and trial-and-error
location of a serics of alternate prelim-
inary lines on the ground can be avoided
by the aerial survey methods outlined.

O, By avoiding actual staking out of
preliminary lines, private property own-
ers are not unduly alarmed as they al-
wuys are by ground sorveys. Values of
land to be acquired are not increased as
they-are by the usual discussion with
property owners which follows the stak-
ing out of a survey line.

6. At thef-map scale of 200 feet per
inch, the value of buildings may be ap-
praised, property Hnes may be laid out
from the photography, and property maps
prepared.

7. On such contour maps, supplemented
by stereoscopic examination of paired
photographs, the road alinement can be
fitted to the topography with the least
possible cut aud fill permitted by assumed
controls of curvature, profile, and sight
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distanee. All serious obstacies, such as
rock eliffs, marshes, and bad stream
crossings can be avoided before any lines
are staked out on the ground.

Final Location Surveys

The final loeation of the preliminary
line, selected either by trial and error on
the ground, or by means of aerial photo-
graphs and photogrammetric maps, is a
process well understood by all experi-
enced highway engineers. The obtaining
of. cross-section information, the layout
of sections of tangents and curves, the
estimation of yardage by end-arca meth-
odg, all these are familiar.  The use of
aerial survey methods, as now practiced
by American engineers, normally termi-
nates when the best preliminary line
available Dbetween  selected  terminal
points, and passing through selecled con-
trol points, has been 1aid down on the
ground. This best preliminary location
line, with necessary minor adjustinents
during the stake-out process, becomes the
final location line,
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SOIL SURVEYING AND ITS OBJECTIVES

A soil survey formg an essential part
of the preliminary engineering survey
required for the location and design of a
highway. It furnishes information on
goil and ground water conditions that
must be considered in the reasonable and
economic design of a road passing
through a varicty of different terrain
conditions,

Soil Information

foil surveys conforming to these re-
quirements include; (1) the exploration
of the site, (2) the classification of soils
in place, (3) the preparation of soil
profiles and eross sections showing criti-
cal depths to bedrock, water fable, or the
area and extent of adverse ground con-
ditions such as swamps and peat bogs,
(4} the selection of representative sam-
ples of soil and construction material
(sand, gravel, or rock) for laboratory
testing, (5) the study of existing pave-
ment design and the correlution of pave-
ment performance with similar soil eon-
ditions found in the area being surveyed,
and (6) the reduction of this informa-
tion to engineering recommendations.

This type of =oil information is a ma-
jor prerequisite to the systematic plan-
ning und consgtruction of a road. It be-
comes even more egsential when the
cngineering problems associated with the
construction of secondary roads are con-
sidered. The cconomic factor in this case
requires that roads be designed and lo-
cated to take advantage of any cost
reduction that may result from the use
of local materials and alinement over
the most favorable subgrade conditions.

The major part of the soil survey work,
with the exception of the reconnaissance
study of available geologic and agronomic
data, must be accomplished in the field.

The costs of testing and the time required
for the testing of goils in the laboratory
restricts the number of samples that can
be tested for a particular project. Conse-
quently, emphasis must be given to engi-
neering appraisal of soil conditions in
the field, especially the behavior of pave-
ments that have been built over similar
s0il conditions.

Several. of our States have published
technical manuals [3]1, {41, [53], to assist
in the recognition of soils on the basis
of their physical and environment char-
acteristics. The essential considerations
for the in-place classification of soils are
outlined in the standard test methods

161, [7], used by the State highway de-

partments. A study of these soil gurvey
methods will show that the soils are
identified and grouped on the basis of
the sofl-profile characteristies.

1t is indicated that soils grouped on the
basis of significant soil profileg will, with-
in practical limits, reflect changes in tex-
ture and drainage conditions existing in
the landscape. The seil profile develop-
ment changes with each significant com-
bination of the soil-forming factors such
as parent material, relicf, climate, organ-
isms, and time. DI’arent material as
used in this discussion refers to either
weathered rock, unconsolidated sedi-
mentg, or transported materials such as
wind, colluvial, or glacial -deposition,

A recent Nuation-wide study of soil
bractices [8], shows that 20 States follow
the soil sarvey method of the American
Agsociation of State Highway Officials,
T 8642 [7], and 16 other States use
this method in part or with some modifi-
cation. County agricultural soil maps
(soils classified by soil-profile character-
istics) are nised by 28 States as a means

~for obtaining the area concept of gen-

eral moil conditions for the.preliminary
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planning of detailed engineering soil sur-
veys, and for the location of suitable con-
struction materials in the vicinity of pro-
posed road projects. Aerial photographs
are nsed by nine States to study soil con-
ditions and to identify areas likely to con-
tain granular materials for construction
and maintenance purposes,

Subsurface Exploration

The determination of depths to solid
rock and the clasgification of soils and
underlying strata with respect to their
relative degrees of compaction are major
engineering problems in areas where
deep cuts and fills are required to obtain
satisfactory road alinement, or where
subsurface information is needed for the
foundation design of large siructures.

Borings

Subsurface exploration by auger bor-
ings usually is limited to about 30 feet
in areas where rock or the presence of
numerous boulders do not hinder opera-
tions. Below this depth, wush boring
rigs, churn drills, or rotary drills are
ordinarily used to obtain the essential
design information. As a result of the
high costs of deep borings there has been
an increased use of geophysical methods
191, [10], to obtain supplemental infor-
mation to control the number and loca-
tion of the deep drill holes required for
subsurface studies,

Two geophysical methods of subsur-
face exploration are used for such pre-
liminary investigations,

Seismic exploration

One, the refraction seismic method,
depends upon differences in the velocity
of propagation of sound or seismic
waves through the various materials
making up the earth’s crusgt. Such wave
velocity depends upon the density and
the elastic properties of the goil and rock
formations. Small charges of dynamite,
exploded at selected points, set seismic
waves in motion and their time of ar-
rival at properly spaced sensitive de-
tectors ig obtained.
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Earth-resistivity mefhod

The other method, the earth-registivity
method, depends upon measured differ-
ences in the electrical resistivity of the
varions soil layers and rock formations,
The soil resistivity depends upon an elec-
trolytic action of moisture and salts in
solution. Dense materials such as solid
rock, having -limited pore space for ac-
commodating moisture, usually have a
high resistivity, whereas most clay soils
have quite low resistivities:

Each method has some limitations.
The seismic test is definite in the identifi-
cation of a subsurface contact between
solid rock and various types of over-
burden, but it is less definite than the
resistivity test in distinguishing between
clay and coarse sand and gravel. Cali-
bration of the seismic test against re-
vealed subsurface conditions, such as cx-
posed cut slopes, drill hole records, ete,,
is degirable for best results in a par-
ticular locality. On the other hand, the
resistivity test is influenced by siray
ground currents and sometimes by a cloge
similarity between the resigtivities of
the materials involved at a particular
location. - Resistivities of both scil and
rock formations may vary considerably
from place to place, and calibration tests
over outerops or known subsurface con-
ditions are a prerequisite to an intelli-
gent interpretation of earth-resistivity
data. An improved empirical method of
interpretation of the data, made avail-
able in recent years [11], has made this
method more useful to the engineer,

Application of geophysical methods

Even with these limitations, geophysi-
cal methods are an aid to the preliminary
reconnaissance of proposed construction
gsites. The most advantageous points to
locate deep drill holes to obtain the max-

Jimum amount of test data for design

purposes ordinarily can be found by the
uge of these methods of subsurface cx-
ploration. It has also been indicated
(1271, [18], [14], [151, that test data
from a few well-placed drill holes or test
pits can be expanded by the use of such
methods so that areas of considerable
size can be explored quickly and at low
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costy, and that they can be used for the
location of granular materials for high-
way construction in areas where surface
indications are few or unreliable.

ldentification Tests for Soils

The standard tests used for identifi-
cation of soils and the determination of
their physical eharacteristics are as fol-
lows:

Physical A8 A A8
characier- T. M. H O,
Test istic method  method
Preparation 6f seil _.___ . _.... D 421-39 T 8742
samples.
Mechanieal analy- Grainsize.. D 422-39 T 8842
sis (MA),
Liguid limit (LL}. Plasticity.. D 423-39 =T 80-42
Plastic limit (PL). __do..... D 42439 T 90-42
_doo__ D 424-39 T 9142

Plasticity index
PI

Preparation of soil samples

Sieve and hydrometer analyses are
made on a fraction of the air-dried soil
sample passing the No. 10 sieve. A sieve
analysig is also made of any material
that may be retained on the No. 10 sieve,
The identification tests are made on the
traction of the air-dried sample passing
the No. 40 sieve.

Mechanical onalysis

I'he mechanical analysig of soils de-
termines the size and grading of the par-
tictes. The grain sizes of the particles
retained on a No. 200 sieve are deter-
mined by sieve analyses. The gizes of
the soil particles passing a No. 200 sieve
.are determined by hydrometer analyses,
the method of which ig based upon the
fact that particles of equal specific grav-
ity settle in water at a rate which is pro-
portional to the size of the particle
{Stokes’ law}).
Liguid limit

The liquid limit is defined as that mois-
ture content, expressed as a percentage
by weight of the oven-dry soil, at which
the goil will just begin to flow when
jarred slightly. According to this defi-
nition, soils at the liguid limit have a
very small but definite shear resistance
which may be overcome by the applica-
tion of a little force. At the lquid limit,
the cohesion of the soil is practically zero.

Plastic limit

The plastic limit is defined as the low-
est moisture content, expressed as a per-
ceniage by weight of the oven-dry soil,
at which the soil can be -rolled into
threads one-eighth inch in diameter with-
out breaking into pieces. Soil which can-
not be rolled into threads at any moisture
content is considered nonplastic, A sam-
ple having a moisture content above the
plagtic limit can be rolled into threads
one-eighth inch in diameter without
crumbling under the pressure exerted by
the hand. When the moisture content
of the soil has been reduced by evapora-
tion to the plastic limit or below, the
soil thread will erumble. .

The plastic -limit is, therefore, the
mojisture content at which cohesive soils
pass from the plastic to the- semisolid
state. It i also the moisture content
at which the coefficient of pPermeability
of homogeneous clays becomes practically
equal to zero [6]. i

Plasticity index

The plasticity index ig defined as the
difference between the liquid limit ahd
the plastic imit, It is the range of mois-
ture content through which "the soil is
plagtic. When the plastic-limit is equal
to, or greater than the liguid Iimit, the
plasticity index is zero. When the plas-
tic limit cannot be determined, the plas-
ticity index is designated by the lefters
NP (nonplastic), to indicate that the
soil ig entirely lacking in plasticity [6].

Classification of Soils

The soil classification systelh-most com-
monly used by highway engineers in the
United States was originally . presented
in the June and July 1931 issues of Pub-
lic Roads [16]. -A revised version of the
system was published in the February
1942 issue of the same publication [17].
In 1943 a committee of the Department
of Soils Investigations of the Highway
Research Board was appointed to investi-
gate classifications of soil. In 1945, this
committee published a clasgifieation
which is a revision of the original Public
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Roads version [18]. This system is heing
used by the ’ublic Roads Administration
and by a number of State highway de-
partinents,’

Based. upon their field performance,
soils have been classified by fhis Iatter
system in seven groups designated as A-1
to A-7, inclusive, This classification,
with the limiting test values, is shown
in table 11.

A description of the various groups and
subgroups follows:

Gronular materials {containing 35 percent or
less passing No. 200 sievel

Group A-1. The typical material of
this group is a well-graded mixture of
stone fragments or gravel, coarse sand,
fine sand, and a nomnplastic or feebly
plastic soil binder., However, this group
includes algo stone fragments, gravel,
coarse sand, voleanic cinders, ete., with-
out soil binder.

"Subgroup A-I-¢ includes those ma-
ferials consisting predominantly of stone
fragments or gravel, either with or with-
out 4 well-graded binder of fine material,

Subgroup A-7-5 includes those ma-
terials congisting predominantly of coarge
sand either with or without a well-graded
s0il binder.

Group A-3. The typical material of
this group is fine beach sand or fine des-
ert blow sand without silty or clay fines
or with a very small amount of non-
plastic silt. The group includes also
stream-deposited mixtures of poorly
graded fine sand and limited amounts of
coarse gand and gravel.

(roup A-3. This group includes a wide
variety of “granular’ malerials which
are at the border line between materials

falling in groups A—1 and A-3 and the
" silt-clay materialy of groups A4, A-f,
A—-6, and A-7. It includes all materials
containing 35 percent or lesy passing
No. 200 sieve which cannot be classified
a8 A-1 or A-3 due to fines content or
plasticity, or both, in excess of the limi-
tations for those groups.

Subgroups A-2-% end A-2-5 include
various granular materials containing
35 percent or less passing No. 200 sieve
and with a minus No. 40 portion having
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the characteristics of the A—4 and A-5
groups, They inclnde such materials as
gravel and coarse sand with silt content or
plasticity index in excess of the limita-
tions of group A-1, and fine sand with
nonplastic silt content in excess of the
limitations of group A-3.

Subgroups A-2—6 and A-2-7 include
materials similar to those described un-

der subgroups A-2-4 and A-2-5 excepl

that the fine portion containg plastic elay
having the characteristics of the A-6 or
A-T group.

Silt-clay materials [containing more than 35
percent possing No. 260 sieve)

(Group A—4. The typical material of this
group is a nonplastic or moderately plastic
silty soil, usually having 75 percent or
more passing No. 200 sieve., The group
includes also mixtures of fine silty soil
and up to 64 percent of sand and gravel
rerained on No, 200 sieve,

Group A-3, 'The typical material of
this group is similar to that described
under group A-4, except. that it is usually
of diatomaceous or micaccons character
and may be highly elastic as indicated by
the high lignid limit.

Group A—6. The typical material of this
group is a plastic clay soil usually having
75 percent or more passing No. 200 gieve.
The group inciudes also mixtures of fine
clayey soil and up to 64 percent of sand
and gravel retained on No. 200 sieve.
Materials of thig group usaally have high
volume change between -wet and dry
states. ' ’

Group A-7. The typical material of
thiy group is similar to that described
under group A-6, except that it has the
high lquid limits characteristic of the
A-D group and may be elastic as well as
subject to high volume change.

Subgroup A-7-5 inchules those ma-
terials with moderate plasticity indexes
in relation to liguid limit and which may
be highly elastic as well asg subject to
considerable volume change,

Subgroup A—7-6 includes those ma-
terials with high plasticity indexes in
relation to liquid limit and which are
subject to extremely high volume change.
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Table 11,—Classification * of highway subgrade materials

[With suggested subgroups]

General classification

Granular materials (35 percent or less passing No. 200 sieve)

Silt-clay materials (more thagn 35 percent passing
No. 200 sieve)

Group classification

A-1-g

A-3 1

Sieve analysis: percent passing:
No. 10

A8

Characteristies of fraction passing No, 40: l

Liguid lmit. ____ | 40max_.__| 41min____ | 40max____| 4l min____] 40max._._| 41 min____| 40max__..| 41 min.
Plasticity index _ Wmax _..| W0max.___| 1lmin._ | timin____| I0max___ ! I0max____| 11 min..._| 11 min,?
I
Group index 8. ... o O s [ 12max____{ 16max____| 20 max.
Usual types of significant constituent | Stone fragments, grav- | Fine sand. Silly soils- ..o (layey soils,

malerials.

el and sand.

General rating as sﬁhgrade, ______________

Fxceltent to goad _____...

Fair to poor.

1 Classification procedure: With required test data available, proceed from left to right
on above chart and correct group will be found by precess of elimination. The frst group
from the left into which the test data will fit is the correct classification,

index o

2 Plasticity index of A-7-5 subgroup is equal to or less than LL minus 30. Plasticity
A-7-6 subgroup is greater than LT, minus 30. A
3 See group index formuls and fig. 40 for method of caleulation.

Group index should

be shown in parentheses after group symbol as: A-2-6 (3), A-4(5), A-6 (12}, A-7-5(17), ete.



Group index

The following formula for a “group
index” was devised for approximate with-
in-group evaluation of the ‘“clayey granu-
lar materials” of the A-2-6 and A-2-7
groups and the “silt-clay materials” of
the A4, A-5, A-6, and A-T7 groups:

Group index=0.204+0.005¢¢--0.01 &4,

in which

a=that portion of the percentage pass-

ing No. 200 sieve greater than 35 and not
exceeding 75, expressed as a positive
whole number (1 to 40).

b=that portion of the percentage pass-
ing No. 200 sieve greater than 15 percent
and not exceeding 55 percent, expressed
as a positive whole number (1 to 40).

c=that portion of the numeriecal liquid
limit greater than 40 and not exceeding
60, expressed as a positive whole number
(1 to 20).

d=that portion of the numerical plas-
ticity index greater than 10 and not ex-
ceeding 30, expressed as a positive whole
number (1 to 20).

Charts for graphical determination of
group index are shown in figure 40.

The formula will give values ranging
from a fraction of 1 to 20, and is so
weighted that the maximum influence of
each of the three variables is in the ratio
of 8 for percent passing the No. 200

CHART 2

OR LESS PERCENT PASSING NO. 200 ©R MORE
15 __20_ 25 30 35 40 45 kel

i

5 O 65 60 55 50 48 40 3%
OR MORE PERCENT PASSING HO 200 ORLESS

CHART

GROUP INDEX=SUM OF READINGS ON VERTIGAL SCALE OF CHARTS
182
Figure 40.—Group index charts,
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sieve, 4 for liquid limit, and 8 for plas-
ticity index.

Under average conditions of good
d'rainage and thorough compaction, the
supporting value of a material as sub-
grade may be assumed as in inverse ratio
to its group index: that is, a group index
of 0 indicates a “good” subgrade ma-
terial and group index of 20 indicates
a “very poor” subgrade material,

Definition of gravel, sand, and silt-clay

The terms “gravel,” “coarse sand,” “fine
sand,” and. “silt-clay,” as determinable
from the minimum test data required in
this classification  arrangement and as
nsed in the deseriptions of the various
groups, are defined ag follows:

Gravel—material passing sieve with
3-ineh square openings and retained on
the No. 10 sieve.

Coarse sand—material passing the No.
10 sieve and retained on the No. 40
sieve.

Fine sand-—material passing the No. 40
sieve and retained on the No, 200 sieve.

Combined &ilt and clay—material pass-
ing the No. 20 sieve. )

Boulders (retained on 3-inch sieve)
should be excluded from' the portion of
the sample to which the classification ig
applied, but the percentage of such ma-
terial, if any, in the sample should be re-
corded. :

The term “gilty” is applied to fine ma-
terial having plasticity index of 10 or less
and the term “clayey” is applied to fine
material having plasticity index of 11 or
greater,

By keeping the ahove terms and the
group test Hmits in mind, it is possible,
with some practice, to make fairly close
approximations of the correct classifica-
tions by visual examination and handling
of the materials in a damp condition.

Investigation of Soil Foundations

The investigation of soil foundations
for bridges and embankments may be di-
vided into three parts, as follows:

1. Field exploration and samnpling.

2. Laboratory testing of samples.




- manner

3. Analysis of field and laboratory data.

In the field exploration of soils, a
stitdy of the geology of the area in which
the structure is lociated is often made as
an aid in planning the details of the in-
vestigation. The purpose of the field
exploration is to establish horizontal and
vertical Timits of the soil layers and to
obtain satnples that can be used for lab-
oratory testing. Hxaminations are made
by digging test pits or making borings.

Test pits.

Test pits are open excavations large
enough to permit a man to enter and ex-
amine formations in their natural condi-
tion. They are by far the most accurate
means of determining the in-place charac-
ter of materials but they are also the most
costly., The densities and moisture con-
tents of undisturbed soil samples prop-
erly taken from pits are more likely to
be representative than those taken by any
of the drive-tube methods., On account
of the cost, the method is used only when
boring methods are considered unsatis-
factory.:

Borings

Subsurface investigation by means of
borings consists of drilling down to the
desired depth, removing the material
penetrated so that it may be examined at
the surface, recording the elevation at
which changes in material are found, ob-
taining samples in disturbed or undis-
turbed condition from the different strata,
and preparing a log or chart of the boring
data. Borings may be classified as
follows :

1. Soil-auger borings.

2. Wash borings.

3. Churn-drill borings,

4. Rotary-drill borings.

5. Core horings.

The most widely used method is the
“wash boring.” In this method the pene-
trated materidl is removed from the cased
hole by means of water. One of two
methods may be used, depending on the
of . taking samples. In one
method, samples are recovered from the
wash water. Samples obtuined by this

method are suitable for visual examina-
tion only.
In the seécond method, sampling for

visual examination is done by driving a

section of pipe or a special sampling tool
into the soil and extracting a core thut
has not been cut up and mixed with
water. The waghing is merely a meang
of removing the material penetrated by
the casing and is not a method of sam-
pling.

Undisturbed samples

Undisturbed samples of soil are taken
for the purpose of making laboratory
tests to determine soil consolidation char-
acteristics, compressive, and shearing
strengths. A core of soil, 18 to 24 inches
long, is generally reguired. The praetice
of taking samples 2 inches in diameter
with thin-walled tubing (Shelby tubing)
as a part of the wash-boring operation
has become widespread during the past
few years. Most authorities agree, how-
ever, that samples 4 to 5 inches 'in diame-
ter are legs disturbed by the driving of
the sampler and, therefore, are morc
suitable for testing purposes.

The taking of undisturbed samples in-
volves drilling, foreing the sampling de-
viee into the hole, removing, and pre-
gerving the sample.

The sample is usually preserved by
sealing it in a container with paraffin to
prevent changes in moisture content. It
should. be so packed that the strueture
will be preserved in shipment,

Undisturbed soil samples can be ob-
tained by drive-tube methods only from
fine-grained plastic soils. The presence
of granular material in so0ils prevents the
driving of sampling devices without dig-
turbunce, .

Laboratory testing

In addition to the ligquid and plastic
limits and the grain size, the shear
strength determined by direct ghear or
by the triaxial compression method, the
compressive strength, and the consolida-
tion characteristics are used in the evalu-
ation of soils for foundation purposes.

The direct shear test is made to deter-
mine the cohesion and angle of internal
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“friction of fine-grained soil samples.
The apparatus used in the Public Roads
Administration laboratory (fig. 41) con-
sists of an upper frame that is stationary
and a lower one than ean be moved in a
bhorizontal direction. The sample. is lo-
cated betwecen two porous stones which
gerve ag draing during the consolidation

stant or diminishes. Separate samples
are tested with different lateral pres-
gures to evaluate the effect of the varia-
ble.

From the data obtained in the triaxial
test, the cohesion, angle of internal fric-
tion, and modulus of elasticity are com-
puted.

NORMAL LOAD

MICROMETER APPLIED THRU
DIAL MEASURES\I/ LEVER
THIGKNESS GHANGE

PISTON GUIDE AND__ |
WATER RESERVOIR ™

CALIBRATED RING .
MEASURES SHEARING L.OAD. UPPER FRAME:

SHEARING .

BALL BEARINGS ON SIDES
ALLOW VERTICAL MOVEMENT
ONLY OF UPPER FRAME

DISPLAGEMENT.
APPLIED THRU

MICROMETER DIAL
MEASURES SHEARING

GEAR SYSTEM

DISPLACEMENT

LOWER FRAME
BALL BEARINGS

BASE

. Figure 41.—Direct shear device,

Before the gample
a vertical load is
The shear-

of saturated samples.
is subjected to shear,
applied to the upper stone.

ing foree and the corresponding displace--

ment are recorded. I¥rom these data,
vialues of the cohesion and the coefficient
of internal friction are obtained.

In the triaxial compression test, the
stresses at a point in a loaded soil mass
are simulated in a cylindrical sample by
applying normal stresses fo its fuces by
means of an apparatus such as is shown
in figure 42,

The sample is placed in a rubber mem-
brane, which is clamped to two rigid end
plates, the lower of which is connected
to a drain. (If desired, the drain may
be closed to prevent drainage from the
gample.} The lucite cylinder and loading

head are asgsembled and tightened. The .

head of the testing machine is brought
just in contact with the piston. A lateral
pressure is applied in the chamber around
the sample, the piston is displaced at a
constant rate, and the reaction and dis-~
placement are recorded. The test is con-
tinved until the reaction becomes con-
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In the econsolidation test an undis-
turbed sample of soil is compressed be-
tween two porous stones (fig. 43). The
load is applied axially and the sample ig
confined laterally. The loadings are se-
lected 50 as to include siress conditions
anticipated in the material in the soil
profile due to the weight of the overbur-

DISPLAGEMENT APPLIED,

REACT\ON AND DISPLAGEMENT RECORDLD
14 INCH PER MINUTE .

ONTINUGUSLY

% e

4 L IMPERVIGUS
D 55~ Bearmg PoATE

CONSTANT
-+ PRESSURE
sUPPLY

~RUBBER MEMBRANE

SAMPLE

- IUICITE CYLINOER

)

Figure 42.—Essentials of trioxial compression
tesf,




den and the structure. The test loads
are applied in increments. Kach Joad
is maintained until the change in thick-
ness does not exceed 0.01 percent of the
thickness per hour. After each applica-
tion of load, gage readings are taken at
regular time intervals from which the
amount and rate of change in thickness
can be calculated.

Analysis of test data

The test resalts obtained in the shear
and consolidation tests are used in the
calculation of the theoretical bearing ca-
pacity of soils in embankment and bridge
foundations and in estimating the amount
and rate of settlement in such structures
due to-soil consolidation or displacement.
In the complete analysis of a foundation
problem, there are many complicating
conditions that must be given considera-
tion in arriving at a solution.

—MICROMETER DAL

"y DIAL PLATE

{ DtAL B3TEM
i

[«—D1AL PLATE LEG

L MOVABLE COLLAR

STANDP(PE

RUBBER__| Z07; ’
GASKET ey s BASE

Figure 43.——Consolidometer.

Detailed discussions of the investiga-
tion and analysis of soil foundation prob-
Jemsg may be found in references [6],
[191, [20], and [35-37].
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HIGHWAY DRAINAGE

Drainage of highways involves removal
of stormwater falling on or draining
across the highway, and removal of detri-
mental amounts of subsurface water
which can be drained by gravity flow.

Adequate provision for handling storm-
water run-off requires thorough study,
beginning with the location of the high-
way, so0 as to avoid unnecessarily diffi-
cult drainage problems, and continning
through the design of culverts, bridges,
and open channels, to the proper main-
tenance of these facilities after they are
constructed.

Oiaiects of Drainage Design

Generally speaking, it is not expected
that the ordinary highway will be con-
structed so that no part of it will be
flooded by any storm which might oceur
during the existence of the highway.
Rather, the attempt is to provide facili-
ties which will handle the stormwater
flow of frequent storms easily and which
can handle the less frequent storms with-
out excessive damage to the highway or
to developments affected by the inade-
quacy of the highway structures to handle
the extreme storms. Highways carrying
very heavy traffic flows in metropolitan
areas, and highways having high strate-
gic importance in the transportation sys-
tem, will justify the larger expenditures
for drainage facilities nccessary to keep
them in operating condition despite cli-
matic conditions,

Expressed in another way, drainage fa-
citities for ordinary highways ought to
be designed so that the ultimate cost, in-
cluding cost of construetion and main-
tenance, will be a minimum. Since main-
ienance costs directly connected with
drainage are a large item in the mainte-
nance budget, and vary within wide lim-
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its depcnding on the care with which 1he
drainage system is designed, it is always
worth while to give close attention to
drainage design,

The paragraphs which follow are in-
tended to illustrate briefly the most ad-
vanced practice in estimating rates of
run-off and providing for the handling of
stormwater on highways,

Estimating peak rotes of run-off

The logical procedure in drainage de-
sign is first to estimate the magnitude
and frequency of peak rates of run-off.
A first-hand knowledge of loecal run-off
characteristies based on years of experi-
ence ix always desirable. Good records
of stream flow, particnlarly with respect
to stage and discharge of annual floods,
provide means for estimating the mag-
nitude and frequency of floods on the
streams gaged and, to a lesser extent, on
streams similarly situated but not gaged.
Flood-flow formulas as published in en-
gineering handbooks are useful as a
guide {o judgment in the absence of any
stream-flow measurements, but should be
used with caution, since each was de-
veloped with respect o a given area or
region, and is of doubtful validity out-
side that area. The science of hydrol-
ogy has not developed to the point where
it is possible to estimate magnitude and
frequency of flood peaks solely from
measurable characteristies of the drain-
age area and knowledge of ¢limatic con-
ditions.

In constructing roads in undeveloped
territory the highway engineer is con-
fronted with making decisions as to flood
probabilities on the basis of the evidence
of previous floods which he can see on
the ground. In doing this his judgment
will be the belter if he has studied the
hydraulies of rivers in an area where
basic data are available, for he will




better be able to interpret the significance
of bank erosion, stream-bed sediment
characteristies, and evidence of previous
highwater marks, not readily discernibie
to the untrained observer.

Designing Waterways for Bridges

In building across any stream the ex-
tent to which the cross section of flow
at flood stages is contracted by the water-
way provided is very important. On
streams in mountainous terrain, with
relatively high velocities, it is advisable
to bridge the entire width of the flowing
stream, placing as few piers in the stream
as is economically feasible. The stream
is usually confined between high, rocky
banks which lend themselves to this type
of construction, When the stream
emerges into a broad, flat valley on a
gradient producing only moderate ve-
locities, the flood waters usually overfiow
the banks and spread out over the valley.
Velocities in the over-bank flow are rela-
tively low and a major part of the dis-
charge is carried within the banks of the
normal stream channel. In that case,
the bridge need extend only part of the
distance across the flood plain, the rule to
follow being to avoid creating excessive
backwater.

Backweter

Backwater, in the sense here used, is
the additional depth of flow, above nor-
mal depth in the unobstructed channel, re-
quired to build up enough head to give
the increased velocity necessary to pass
the water through the small cross sec-
tion under the bridge. For ordinary pur-
poses it may be estimated as the differ-
ence in velocity heads for the area under
the bridge (at a stage determined by the
downstream channel depth for a given
discharge) and for the arca immediately
upstream from the bridge. Since the lat-
ter is affected by “backwater” the answer
must be obtained by trying successive
values of upstream depth until the equa-
tion balances [58]. The upstream area
ghould be only that area in the imme-
diate vicinity of the bridge opening in

whieh there can be a substantial velocity
component in the direction of flow
through the bridge. - An allowance may
be made for eddy losses and friction losses
through the bridge opening by adding an
arbitrary percentage to the velocity head
under the bridge. :

Reduced to a more simple concept, the
increase in veloeity of flow necessary to
pass the flood discharge through the
bridge opening should be small. For ex-
ample, if the normal mean velocity of the
unebstructed stream is 5 feet per second
at flood stage, a contraction which would
increase this velocity to 6 feet per second
would not be objectionable since the in-
crease in veloeity head would only be
62 /20—5 /2¢=017 feet. If eddy losses
are assumed as 10 percent of velocity head
under the bridge, then backwater becomes
abeut . 0.17+0.06=0.23 feet or roughly
0.2 feet. On the other hand, if a shorter
bridge opening forces aceeleration of the
velocity to 10 feet per second, then the
backwater becomes roughly 1.5 feet and
is of significant amount, 'The designer
must then decide whether possible dam-
age on the flood plain upstream from the
bridge warrants increasing the length of
the bridge, and also whether the founda-
tions of the structure are safe against the
inevitably deeper scour caused by the
increased velocity (assuming the stream
bed to be composed of erodible materials).

Overflow channels

On low-traffic roads, where it is not
essential that the road be kept open to
traffic at flood stages, economy in the cost
of the stream crossing can be obtained
by building the superstructure of the
bridge with clearance above the design
flood stage and leaving the approach road-
ways below flood stage. If the overflow
section is of sufficient length it acts ag a
safety valve or spillway, relieving the
bridge waterway of part of the flood dis-
charge. This type of .design iz applicable
to situations where a considerable part
of the flood flow is outside the banks of
the main stream and the cost of providing
a bridge for the entire flood would be ex-
cessive. The embankment overflowed
need not suffer severe damage if the
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slopes and shoulders are covered with a  librium of an-existing channel is likely to
dense growth of grass [59], [T56]. have consequences reaching beyond. ithe
When the flood plain is very wide there  limits of the channel change itself. This
are usnally defined overflow channels for is a problem requiring analysis by an ex-
which relief bridges must be provided. pert on river hydraulics.
These structures should be long enough
80 that they can handle their share of the  Peok run-off
discharge in the flood plain without exces- Ag the drainage arcas intercepted by
sive backwater, It is inadvisable to pro- the -highway bccome smaller the stream
vide small openings suflicient only to  gradients and the mean velocities usually
drain off the water trapped upstream  become greater, although the total dis-
from the highway embankiment, because  charge wusually becomes less (about in
during the rising stage these openings are  proportion to the square root of the drain-
subject to excessive head, and severe  age area, other factors remaining con-
scour will occur in the stream bed through  stant). Figure 44 illustrates a simple
the opening, or, in the case of culverts, at method of estimating peak rates of run-
the outlet. On the other hand, there is  off on areas up to 10,000 acres. This is
also a danger of the river channel shift- as good as any empirieal formula avail-
ing to the relief opening if the latter is~ able for general use. A curve is selected
relatively long and the river is of ‘the by reference to the tabulated drainage
meandering type. characteristics or the peak flow ig inter-
Unless the superstructure is deliberate-  polated between two corves presumed to
ly designed to be submerged by major  encompass the particular situation, in any
floods, adequate clearance should be pro-  case reading the discharge direetly from
vided to pass the type of drift usually en- the drainage area in. acres. This value
conntered on the stream. can then be adjusted in the proportion
An extensive channel change to provide  that the 1-hour rainfall in the vieinity
a betlter crossing for the highway should  bears to 2.75 inches per hour. This cor-
be examined eritically, particularly if it rection ix only relative, since the inten-
involves a substantial inerease in the gra-  sity of run-off is affected by many factors
dient of the stream, Disturbing the cqui- in addition to the intensity of rainfall,
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Figure 44.—Peak run-off for storms of 25-year frequency having one-hour rainfell of 2.75 inches.
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and can be made only if rainfall intensity
records are available [60],

The engineer can tie into this chart by
making approximate measurements of
floods on small drainage areas and plol-
ting these points on the charf as indexes
of the run-off characteristics for those
areas. The result will not have much
reliability until observations have been
made over a period of several years of
normal rainfall, and then it should be
recognized that it is very probable that
the observed maximum inay sometimes

pe exceeded by a wide margin. The

measurement of the discharge can be
done hy selecting a reach of channel of

uniform cross section and reasonahly

straight alinement, measuring the aver-
age cross-sectiondl arca up to the high-
water mark, and computing the discharge
by the Manning formula, using an appro-
priate value of roughnesg coefficient,
Computations can he facilitated by using
hydraulic tables [61], [62], [63].

Figure 44 may also be used for esti-
mating peak rates of run-off in roadside
drainage channels, as the first stop in de-
termining the need for protection against
erosive velocities. Experience in regions
where there is sufficient rainfall to sup-
port a good furf-forming grass has demon-
strated that channels carrying only
stormwater flow can he protected by sod
laid in the newly consiructed channel.
The sod will withstand velocities from
4 to 8 feet per second, depending on the
kind of grass. A simplified technigue for
hydraulic design of such channels ig con-
tained in an article published in the
March 1942 issue of Public Roads [64].

Flow of Water Through Culveris

In providing for crossings of small
gtreams, culverts are commonly used in-
stead of bridges. The same hasic prin-
ciples of hydraulics apply, in that the
cross gection of the flowing water is con-
tracted, with the result that the velocity
must he increased. The culvert, whether
a pipe, a box, or a muitiple of either type,
usually reguires more change in velocity
than a bridge, and ean stand higher ve-
locities beeause the flow is completely
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enclosed instead of heing carried on an
erodible® stream bed as is cominonly the
case with a bridge. In erodible stream
beds, the jet emerging from a culvert out-
let almost inevitably scours a hole since
the velocity is higher than the normal
velocity in the unobstructed channel, If
the apron at the outlet has an adeguate
cut-uff wall the hole does not endanger the
structure unless excessively high veloc-
ities are developed. In the latter case
some form of energy dissipator is ad-
visable |66] because the scour hole may
enlarge and cause damage to the high-
way embankment beyond the 1imits of the
culvert headwalls.

Colverts also differ from bridges in
that they arc ravely designed to flow
partly full with safficient clearance to
pass drift. Most highway departments
intend that culverts should operate with
the headwater elevation about at the
crown of the entrance for the degign dis-
charge, The California Division of
Highways, which has studied this prob-
lem extensively, recommends that the cul-
vert should flow just full at the entrance
for the 10-year flood, and should operate
under head without serious damage to
the highway for the 100-year flood [66].

Two-part design problem

In the past, the Talbot formula (found
in most highway engineering texts),
which gives the square feet of waterway
as a function of the drainage area in
aeres, applying a coefficient which is sup-
posed to allow for differences in rainfall
and run-off characteristics, has been
widely used. As a “rule of thumb” this
formula is still a good guide, particularly
wlhien the user has had many years of
experience in g given locality and has had
the opportunity to obscrve how eculverts
so designed have operated during flood
run-off. The eleimnent of judgment is so
lavge, however, that the novice is likely to
err widely, particularly-if run-off char~
acteristics are abnormal, or the culvert
installation is unusual.

The present trend is to divide the prob-
lem into. ¢wo distinet parts (1) estima-
tion of the peak rate of run-off for degign
purposes, called the “‘design discharge”
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and (2) design of the culvert by hy-
draulic methods to carry that dé’éign dis-
charge within the limits set up for head-
water elevation and outlet velocity, The
run-off chart (fig. 44) affords the sim-
plest, and probably the best available
means of estimating the peak rate of
run-off.

Attention is called to the fact that the
design discharge on small drainage areas
iz of very limited duration, a few min-
utes for the discharge from one acre and
probably less than an hour for any cul-
vert. Where ponds exist on the drain-
age area the peak of the hydrograph will
be lower and flatter than on areas having
no pondage.

Hydraulic design of culverls

The designer needs to know how high
the water surface will rise at the en-
trance to the cuivert when flowing at
the design discharge, Thig headwater
{HIW) elevation depends on the size of
the culvert entrance alone if the barrel
and outtlow channel ean carvry the water
away faster than the entrance can ad-
mit the flow [67].

Tor example, if the design discharge
for a 36-inch concrete pipe is 20 cubie
feet per second and the fall in the pipe
is 0.02 foot per foot, then figure 45 in-
cates that the pipe will flow at a depth
of about 1.0 foot after normal flow has
been established some distance from the
entrance, provided the tailwater (TW)
elevation does not submerge the outlet
and force the pipe to flow full. Note,
also, that the velocity at the outlet will
approach 10 feet per second (if the pipe
iz long enough and the outlet channel
does not cause backing-up). Actually,
since the velocity is greater than the
eritical velocity, whieh is read from the
dotted curve to be 6.0 feet per second for
this discharge, the TW could rise almost
to the crown of the pipe without affect-
ing the depth of flow inside the barrel.

If the slope of the pipe is as flat as
0.001 foot per foot the barrel must flow
full, since figure 45 indicates that the max-
imum capacity of a 36-inch pipe on that
slope is about 18 cubic feet per second
(not under head). For grades between
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0.001 and the eritical slope of about
0.005, the profile of flow in the barrel ean
be affected by the TW elevation. For
example, the normal depth of flow for 20
cubic feet per second on a 0.002 glope is
2.0 feet; it the TW depth at the outlet
exceeds 2.0 feet measured from the pipe
invert, then the depth of flow in the pipe
will not drop down to an elevation less
than the TW elevation.

Types of flow

Flow through ordinary culverts may be
classified into three types depending on
where fthe control determining the HW
elevation lies. Figure 45 provides the
means for classifieation after which figure
467 or figure 47 inay be used to estimate
the HW elevation. The dotted line in
fisure 45, labeled “critieal”, is the key
to the classitication. The criteria are
as follows . .

1, If the discharge ordinate intersects
the line for the slope of the pipe at a point
above the dotted line, the control lies at
the entrance and figure 46 applies, pro-
vided TW does not submerge the outlet.

2, If the discharge ordinate intersects
the line for the slope of the pipe at a point
below the dotted line, the control is some-
what indefinite, but for practical purposes
the HW elevation estimated from figure
46 may be used, provided TW does not

. rise substantially above the mnormal

depth read from figure 45 at the point of
intersection of discharge and slope.

3. If the discharge fallg to the right of
the hooked end of the slope line, the pipe
must flow full and figure 47 applics.

Figure 46 is strietly applicable only to
entrance control on a round pipe whose
inner surface meets the ounter face of the
headwall in a 90° angle to form what is
commonly called a square-edged entrance.
HExperiments now in progress indicate
that for any headwater elevation above
the crown of ihe pipe a relatively large
increase in discharge can be obtained by
rounding off this square corner. Coneclu-

3Tz, 46 is adapted from The Hydraulics of
Culverts by T, T, Mavis, ag published in Con-
crete Pipe Lines by the Ameriean Concrete
Pipe Association. ’
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sive results for entrances other than  straight-edge laid across figure 46 1':hroug'h

square-edged are not yet available.

For example, a 36-inch concrete pipe
on a 0.02 slope would operate with en-
trance control at 20 cubic feet per second
since the discharge ordinate in figure 45
intersects the slope line above the dotted
line for critical depth. Thus from the
first criterion above, figure 46 is applica-
ble for estimating HW elevation. A

D=36 and Q=20 intersects H/D at
0.72 from which H=0.7x3=21 T{fecet
measured from the invert, This is below
the erown of the pipe 80 the answer is
substantially correct whether the en-
trance corners are square or rounded.
But if the discharge had been 80 cubic
feet per second on the same slope, the
pipe would still not flow full at the out-
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let and H/D would be 2.3 making HW
elevation 6.9 feet above the invert. In
this range of H/D figure 46 is correct
only for a square-edged entrance. Actu-
ally, with the bell-end of a concrete pipe
placed flush with the face of the head-
wall, as is usually the case, the HW ele-
vation would probably be substantially
legs than 6.9 feet because the recess in
the bell has the effect of eliminating the
square corner between the inside wall of
the pipe -and the headwall.

With culverts flowing full, figure 47
provides a simple method for estimating
the total loss of head. This head loss
must then be added to the TW elevation
to obtain the HW elevation unless the
W is below the crown of the pipe at the
outlet, in which case the head loss would
be added to the elevation of the erown
of the pipe,

In order to estimate the TW elevation
in the outlet channel, charts similar te
figure 48 may be used, provided the cross
section and gradient of the channel are
reasonably uniform, and provided further
that there is no flood stage in the main
stream into which the channel digcharges,
sufficient to cause backwater at the cul-
vert outlet. In the latter case, of course,
the elevation of the flood stage deter-
mines the TW elevation on which the
HW elevation would depend.

If a discharge of 20 cubic feet per sec-
ond is assumed for a channel of the cross
section indicated in figure 48, the depth
of flow would be about 1.2 on a (.01 slope,
or 2.0 feet on a 0.001 slope. The latter
depth would have no effect on the 36-inch
pipe laid on a 0.02 slope, nor would- it
affect the HW elevation of the same cul-
vert on a 0.001 slope, since the TW does
not rise above the crown of the pipe.
If a flood stage of 4 feet above the invert
of the outlet existed at the time the cul-
vert was discharging 20 cubic feet per
second, then, from figure 47, the HW
elevation would be 0.3 foot higher than
the flood stage at the outlet (assuming
a culvert length of 150 feet). A 24-inch
concrete pipe of the same length would
have caused 2.2 feet of backwater for the
same discharge,
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The Public Roads Administration is
preparing a full series of pipe and open-
channel flow charts similar to figures
45 and 48, which will be accompanied by
a text explaining how these charis and
other hydraulic techniques may be ap-
plied to practical design problems,

Subsurface Drainage

Problems in subsurface drainage are
less subject to hydraulic analysis than
problems of the removal of storm water
on the surface, The very existence of
the problem is sometimes unsuspected
until the contractor opens up a decp cut,
or even later when an apparently good
base course begins to fail under traffic
because of an excess of water, The for-
mer situation results from excavating
below the ground-water table and may
require only provision for conveying the
outflow in an open channel to the mouth
of the cut. More fregquently, however,
the water-bearing stratum may extend
below the subgrade and, depending on
the nature of the subgrade soil, may re-
quire installation of an intercepting drain
pipe in a deep, pervious backfilled trench.
In the absence of a natural water-bearing
stratum the latter case of base-course
failure may result simply from the leak-
age of surface water in the base course
along the edges of the pavement or
through cracks or joints in the pavement.

Subsurface drainage is usually tied in
closely with the stability of subgrades,
base courses, and embankwment or cut
slopes and therefore must bhe studied
along with the soils problems. Hydrau-
lic design comes in primarily with re-
spect to permeability of the soil strata,
the base courses, and the filter material
placed around the drain pipe. The rate
at which water can be drained by gravity
in nearly all eases, excepting springs, in
open-fissured rocks, or very pervious gra-
vels, is so slow that a 6-inch drain is
generally as large as is needed, unless the
length of the line exceeds a thousand feet,
more or less, or the gradient is extremely
flat. )
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Backfilling

The most important considerations are
placing the drain in the position wherc
it can accomplish the desired purpose,
and backfilling the trench with a fiter
material which will not clog on the one
hand or be washed away into the drain
pipe on the other. ¥or the majority of
fine-grained sandy and silty soils a con-
crete sand (sand having the gradation
required for portland cement concrete)
forms a satisfactory filter (or backfill)
material, provided the openings in the
drain pipe are equal to or less than half
the gize of the screen opening which will
pass 85 percent (by weight) of the filter
material. The filter material must be
so graded that the maximum size of the
finest 15 percent is equal to or less than
five times the maximum size of the finest
85 percent of the soil being drained. To
permit free drainage of water through
the filter the maximum size of the finest
15 percent of the filter material should
be equal to or greater than five times the
maximum size of the finest 15 percent of
the soil being drained. Percentages are
by weight [68], [69].

Intercepting drains

If the subsurface drain is intended to
intercept movement of ground water into
the face of a cut, or into the subgrade of
the roadway, it is necessary first to locate
by borings the interface between the
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water-bearing steatum and the less per-
vious stratum lying beneath if, and to
determine the direction in which the
water normally flows. The stratum may
be undexr pressure, so the dip of the hed
does not necessarily prove the direction
of water movement. The subsurface
drain should be located, if feasible, so
as to intercept the ground water before
it reaches the part of the highway which
is to be protected; generally the trench
should be recessed slightly into the less
pervious stratum underlying the water-
bearing stratum. A method has been de-
veloped of jacking perforated drain pipe
into holes drilled into the face of cut
slopes requiring drainage [70].
Experience has indicatled that a per-
vious base course which does not extend
laterally to a face permitting gravity
drainage must be provided with a longi-
tudinal subsurface drain to remove water

which may enter from the surface. Such’

infiltration can oceur with any type of
pavement [68]. The need for a positive
outlet for the base course is particularly
acute where the longitudinal gradient of
the road is less than one percent either
continuously or at sag vertical curves
[71}. The presumption is that the base
course is placed on a soil which will not
drain freely, and which would be ad-
versely affected in its load-bearing
characteristics by water impounded in the
base course.
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STABILIZATION OF EMBANKMENTS AND SUBGRADES

The stability of an emhankment or
gubgrade ig dependent upon the shearing
resistance of the soils of which they are
composed, Shearing resistance consists
of two properties—internal friction and
cohesion, These combined properties of
a given soil are affected by the amount
of voids in the soil and the amount of
vater within these voids. A s0il mass
containing a high percentage of voids

. will become very unstable when exposed

to high moisture conditions. Conversely,
2 soil mass containing a low percentage
of voids will resist the entrance of water
and will, in turn, be much more stable
than the soil masg containing the higher
percentage of voids. Any process which
reduces the amount of voidg in a soil
mass may be called densification, ’

Compaction of embankments

The most economical and feagible
method of improving the supporting
power of subgrades and embankmenfs is
densification by compaction.

However, compuction cannot be con-
gidered a cure-all for obtaining satis-
factory subgrades and embankments.
Rather, compaction should be considered
as an economical means of Improving
most  subgrade or embankment s0ils.
Some types of soil are expansive and may
swell when subjected to adverse mois-
fure and temperature conditions even
though well compacted.

Moisture-densify relations

The density to which any given soil
can be compacted depends upon its mois-
ture content and the amount of compae-
tive effort expended upon it. A change
in either moisture content or compactive
effort produces a change in dengity, This
relationship is utilized to produce soil
masses of high density with the least
compactive effort.

If a given soil in an air-dry condition
is placed in a container and sabmitted to
a definite compactive effort, a certain
density (usually measured in pounds per
cubic foot) will be obtained. If a small
percentage of water is added and the soil

‘ig"again compacted with the same amount

of effort, a greater density is obtained.
By repeating this procedure, uging the
same compactive effort, but increasing
the moisture each time, a moigture con-
tent will be found for which the density
of the soil is & maximwn. The moigtare
in the soil at maximum density is called
the optimum moigtare content for thig
compactive effort. If the test ig re-
pealed, using a greater compactive eftort,
a higher maximum density will be ob-
tained at a lower optimum moisture con-
tent. On the other hand, if a smaller
compactive effort is used, a lower maxi-
mum dengity will be obtained at a higher
optimum moigture content, Tor a given
woil, therefore, there are ag muany “maxi-
mum densities” and “optimum  mois-
tures” as there are compactive efforts
used.

" Determination of the moisture-density
relations of goil is comparatively simple,
involving only procedures for determin-
ing unit weight and moisture content of
samples subjected to a definite compae-
tive effort. Method T 99-38 of the Amer-
ican Association of State Highway Offi-
cials [T] is the one most commonly used
by highway  engineers, The optimum
moisture content is that which gives the
greatest weight per cubic foot.

Granular stabilization

Granular-stabilized roads are those
which have been made usable in all
weather by meang of a mixture of soil
and aggregate [26].

The significant parts of a soil-aggregate
mixture for stabilized road use are the
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granular fraction and the fine-soil frac-
tion congisting of silf and clay.

Granular fraction.—With the possible
exception of mica flakes and peat parti-
cleg, all materials retained on the No. 200
gieve can be congidered suitable granular
material. In selecting the source, con-
sideration should be given to the dura-
hility of the material.

Fine-soil fraction.—That portion of the
material which pagses the No. 200 gieve
is responsihle for the muddy condition
of the road observed in wet weather. It
congists principally of silt and clay.

Silt—8ilt includes the coarser grains
of the fine-goil fraction and can be readily
distinguished from clay by its grittiness
it a tiny amount is placed in the mouth
and bitten between the teeth, 8ilt alone
can become very unstable when wet but
does not produce a sticky mud.

Clay.—Clay particles are smaller than
silt particles and give no sensation of
grittiness when bitten. It ig the c¢lay
particles which become cohegive when
wet and therefore produce tenacious
mud,

The process of granular stabilization
maw be used for construeting either sur-
face or base courses. Design recommen-
dations for hase courses are different
from those for surface courses because
the functions of the two courses are not
the same.

More clay is used in the surface course
because it must (1) have resistance to
traffic abrasion, (2) shed a large portion
of the rain that falls on the surface, and
{3) have sufficient capillarity to replace
gurface evaporation so that the clay
will retain its binding propertics, DBase
courses are protected by a surface which
gives protéetion from traffic abrasion,
sheds rain, and prevents surface evap-
oration.

Generally, granular mixtures which
are designed for surface courses fail
when covered with an impervious sur-
face. The larger percentage of clay
which is necessary to satisfy the re-
quirements for a surface course will
soften when surface evaporation is ar-
rested by an impervious wearing course
and the entire mass will lose stability.
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Thus, to control the above conditions,
the fuctorg in the design of granular sta-
bilized roads are gradation, resistance to
abrasion, and the plasticity characteris-
tics of the mixture. Specifications for
both base and surface courses may be
found in the standard specifications of
the American Association of State High-
way Officials [27].

The design of soil-aggregate mixtures
are described in references [6], [26], and
[27]. :

Chemical treatment for stabilization

Admixtures of a chemical nature may
he used with well-graded soil-aggregate
mixtures to improve their performance,
or with fine-grained soils where no aggre-
gates are available to ehange their physi-
cal properties, in such a manner as to
make them more suitable for use as base
courses,

Caleigm chloride, sodium chloride, lig-
nin, ete., and small percentages (1 to 2
percent) of bituminous materials may be
used with the granular mixtures [26],
f28], [29]7. These chemicals must be
used with well-graded materials if they
are to be successful,
vided by the gramular particles. The
function of the admixtures is to maintain
the materials at or near the moisture con-
tent of maximum stability.

Portland cement is used to stabilize
fine-grained soils on highways which
carry light to medium traffic. Protective
surfuce courses are usually used to min-
imize the effect of traffic abrasion.

The design of soil-cement mixXtures is
based on standard freezing and thawing
and wetting and drying tests [7]. One
set of laboratory samples is subjected to
designated periods of wétting and dry-
ing and another set is tested by ulter-
nate freezing and thawing. In bolh types
of test the samples are brushed, at desig-
nated intervals, with a wire brush and a
record made of the material removed.
At least three, and sometimes four per-
centages of cement are used in the test-
ing program. The smallest amount of ce-
ment which results in a negligible loss
of material at the completion of 12 cycles
of freezing and thawing or wetting and

Stability is pro-




drying is selected for construction pur-
poses [30].

Bituminous stabilization

Bituminous stabilization of fine-grained
soilg is in the development stage, Suit-
able test methods are under discussion
and experimentation, and requirements
vary greatly with climate, topography,
drainage conditions, ete., as well ag with
proposed service [29]. Depending upon
their significant properties, the materials
may consist of the natural soil in the
roadbed with or without granular admix-
ture, or may be obtained elsewhere and
hauled to the roadhed. Bitumen may be

added by mixing on the roadway with
blade graders or traveling mixing plants,
or at the source of supply by a stationary
plant. This soil-bituminous mixture
should be thoroughly consolidated on a
prepared subgrade by rolling in accord-
ance with the specifications,

The use of resinous waterproofing
agents i even more in the experimental
stage than is the use of bituminous ma-
terials, 'Lests in the laboratory indicate
that eertain resins have decided possibili-
ties in waterproofing soils even though
present in very small amounts. Experi-
mental sections of road have been built
but none of them is of sufficient age to
permit drawing conclusions.
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TYPES OF ROAD SURFACES AND PAVEMENTS—THEIR USES
AND DESIGN

Low-Type Surfaces

About half of the total road mileage in
the United States is unsurfaced. Many
of these roads, because of their minor im-
portance, will never be improved with
more than low-type surfaces of sand-clay
mixtures or gravel or crushed stone,
Sueh surfaces, if well built, are quite ade-
quate for low volumes of traffic,

Sand-clay surfaces

In arcas where gravel or erushed stone
is expensive a sand-clay road constructed
by methods approximating the method of
granular stabilization, previously de-
woribed, is relatively economical. Such
a surface may also be constructed as a
first stage of improvement in the expecta-
tion that it will become the sub-bage for
a better surface to he built in time.
Under proper maintenance and light traf-
fic it has proved very satisfactory.

The sand should be composed of hard,
sharp, and durable particles. The hind-
er should have a plasticity index not less
than 4 or more than 9.

The mixture should approximate the
following grading Hmits:

Percentage

Requiremenis Oy welght
Passing 1-inch sieve______ . 100

Passing No. 10 sieve_____ 4

The fraction passing the No. 200 sieve

should not exceed 25 percent of the total

s0il mortar, The surface must shed a
large portion of the rain water if it is to
prove satisfactory. Special attention
should therefore be given to the compae-
tion of the material to a suitable density
and to the shaping to a satisfactory
Crown.

In its simplest form the sand-clay sur-
face is formed of a layer of selected nat-
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ural soil consisting of a mixture of clayey
or silty material and sand. In this form
it is generally called a top-soil surface,
from the fact that the material is often
stripped from the surface of nearhy land.
If necessary separate sandy and clayey
materialg are distributed over the sub-
grade in the necessary quantities, and
mixed in place by plowing, harrowing,
and blading. If the surface resuliting
from the original construction ig not uni-
formly satisfactory, it may be improved
by addition of a suitable natural or mani-
factured stabilizing material as a mainte-
nance operation,

Gravel surfaces

Gravel surfaces, asg they are built in
the United States, generally consist of
particles or fragments of stone or gravel
a8 a coarse aggregate and g filler of sand
or other finely divided mineral material,
The size of the coarse aggregute may vary
from 114 inches to that just retained on
a No. 4 sieve. 'The portion passing a No.
4 sieve is considered filler. Oversize ma-
terial encountered in deposits from which
the surface course is produced may be
removed by screening or crushed to the
desired size. :

The composite surface course shonld
be free from vegetable matter and Iumps
or balls of clay and should meet require-
ments previously determined for durabil-
ity and gradation. If £ller iy necessary
In addition to that naturally present, it
should be blended with the coarse mate-
rial on the road or at the screening plant.

A crushed gravel or crushed stone sur-
face course is constructed similarly, ex-
cept the coarse aggregate is gravel or
stone material that has been crushed to
desirable sizes and recombined in appro-
priate proportions of the several sizes.




Types of Bituminous Material and
Their Uses

By definition, in the United States,
ithat portion of tar, petroleum, asphalt,
or- asphaltic material that 18 soluble in
carbon digulfide iz designated as bitumen.
The bituminoeus materials used in the
construetion of highways in this country
are asphaits, liquid asphaltic road ma-
terials, asphaltic emulsions, rock as-
phalts, and road tars [7], L77], [79-83].

Asphalis

Asphalts are solid and semisolid ce-
mentitious materials that gradunally lig-
uely when heated and are composed en-
tirely or. esseatially of bitumen. The
majority of asphalts in use in this coun-
try are produced by the refining of petro-
lenm. Native asphalts, such as Trinidad
and Bermudez, are refined and fluxed for
‘use as roud binders,

The solid asphalts, when powdered, are
used with suitable fluxing oils for the
constroction of seal coats and cold-lay
bituminous concretes. Pretesting of the
powdered asphalt and flux, intended for
use, is necessary to insure that the con-
stitnents will blend readily to a homo-
reneous adhesive agphalt cement under
trafic and normal atmospheric tempera-
ture.

The softer grades of semisolid asphalts
are uged for hot surface treatments and
in" the construction of seal coats. The
intermediate grades are used as binders
in the construction of penetration mac-
adam and bituminous concrete pave-
ments, - The harder grades are used in
hot-mix pavernents such as bituminous
concrete and sheet asphalt. The selec-
tion of the most snitable grade of semi-
golid asphalt. for a particular type of
construction is based on the probable
traffic density and the normal eclimatic
conditions to be met.

Liquid asphaltic materials w

Liquid asphaltic road materials are
sometimes produced from petroleum
either by dehydration or by digtilling off
the lighter constituents. . Generally they
arc prepared by blending suitable grades

of asphalt with certain petroleum dis-
tillates to obtain fluid muterials that have
the proper consistency and volatility for
the construction of particular types of
biluminous road surfaces. Ligquid as-
phaltic road rmaterials are classified as
rapid, medium, and slow curing. Hach
class is preduced in six grades, based
on the amount of diluent used and the
range in consistency as determined hy
the Furol viscosity at stipulated fest
temperatures.

Rapid curing materials (RC) are pro-
duced by fluxing asphalt, generally of
the 85,/100 penetration grade, with petro-
lenni distillate such as naphthzi or gaso-
line. The volatility of this type of dilu-
ent permits the early development of a
residual binder that approaches the
consistency of the asphaltie base material
used in the manufacture of these prod-
uets. These materials are used in cold
and hot surface treatments and as tack
coats. They are used in road mixing of
fine-graded aggregates contaihing little
dust and with agegregates of the macadam
type. 'The more viscous grades arc used
in plant mixes with similar types of ag-
aregates.

Medimwm curing materials (MC) are
produced by - fluxing. asphalts of the
85,/104 penetration »gl'zide with petroleum
distillates of the light fnel oil type. Me-
dinm curing materials loge their volatile
matter more slowly than do the rapid
curing materials and the resulting as-
phaltic residues are generally softer than
the base asphalts used in their prepuara-
tion, The lighter grades of these ma-
terials are used for priming. The inter-
mediate grades arc used for road mixing
with dense-graded aggregates containing
a high percentage of material passing the
No. 200 sieve, Plant mixes of dense-
graded aggregate containing some ma-
terial passing. the No. 200 sieve are pre-
pared with the two most viscous grades
of MC material. These grades are also
used in hot surface-treatment work,

Slow curing materials (SC) may be
either crude or partially refined petro-
leums of low volatility. Generally, they
are produaced by blending -asphalts of
various consistencies with relatively non-
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volatile petroleum distillates such ag gas
0il. Materials of this grade from various
sources may have a relatively wide range
in volatility but the residual binder sel-
dom approaches the consistency of a soft
asphalt.
material are used as dust layers, mulch
treatments, and in road and plant mixes
with aggregates containing considerable
dust, especially where it is contemplated
that the road surface may need reprocess-
ing. The heavier grades are used also
as binders in hot surface treatments.

Emulsions

Asphaltic emulgions used in road con-
struction are usually of the oil-in-water
type. They are manufactured in three
classes, depending on the speed at which
the asphalt globules coalesce. Quick-
break or gquick-setting emulsions are used
for surface freatment and penetration
macuadam, Medium-break emulsions are
used as binders in road- or plant-mix
using macadam-type aggregate, Slow-
break emulsions are used generally in
road- or plant-mix construction with
rraded aggregates containing a high per-
centage of fines and dust, and also in soil
stabilization work.

HEmulsions in which globules of water
are dispersed in the asphaltic material
are known as water-in-oil or inverted
emulsions. Materials of this type, con-
taining from 8 to 16 percent water and
prepared with cutbacks, RC-2 and RC-3,
are used in some areas for surface freat-
ments and open-graded aggregate mix-
tures. They are considered to be efficient
binders, especially with moist aggregates.

Road tars

Road tars, used in this country, are
prepared from tars produced by the de-
structive distillation of coal in gas works
and coke ovens and from tars produced
by the decomposition of petroleum or
petrolenn  distillates when these ma-
terials are used as enriching .agents in
the manufacture of carburetted water
gas. The tars from these sources are re-
fined and are then combined with tar
distillates or very fluid water-gas tars to
make the various grades of road tars in
general use. ’
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Various grades of this type of .

The lighter grades of road tars are
used as primes and for cold surface treat-
ments, The somewhat more viscons
grades are used for road-mix construc-
tion. The less viscous grades of the hot-
application tars are used in hot surface
treatments and in hot-mix, cold-lay mix-
tures with coarse aggregates. The most
viscous grades are used in penetration
macadam and bituminous concrefe,

Rock asphalts

Rock asphalts, which are found in var-
ious sections of the United States, are
limestones and sandstones naturally im-
pregnated with liguid, semisolid, or solid
asphalts, The amount and consistency
of the binder in these asphaliic rocks de-
termine the type.of processing and the
type of construction. These materials
generally require crushing, Some of
them are used without further process-
ing. Genetally, however, they are
blended with asphalt or flux, or with non-
bituminous aggregate. Rock asphalts
are used as seal coats and as hot- or cold-
laid wearing courses.

Aggregates for Bituminous
Construction

geregates may be grouped in two gen-
eral classes: Those that are manufac-
tured from quarried stone or by crushing
and screening gravel or slag' to meet spec-
ifications for standard paving mixture
types; and thoge that are used, after a
minimum of processing or as found in
pits or stream beds, for low-cost and in-
termediate types of construction [7],
[78], [83-8T].

Generally the type of construction, se-
lected on the basis of the type and amount
of traffic to be served, dictates the gual-
ity and grading requirements of the ag-
gregate, althonugh there are geveral sec-
tiong of the couniry where this gencral
rule does not apply because of the lack
or scarcity of good aggregate supplies.
In such instances, ingenuity and regource-
fulness are required on the part of the
engineering staff to devise gutisfactory
highways from whatever materials way
be available,




Ideal aggregate

Without regard to availability, cost,
ete, the ideal aggregate for bituminous
construction would have the following
characteristics :

1. Strength and toughness.

2. Good crushing characteristics which
would result in the production of a high
percentage of chunky particles and a min-
Imum of flakes and slivers or unduly thin

~and elongated pieces or dust.

3. Low porogity. (Porosity should not,
however, be completely lacking.)

4. Hydrophobic characteristics.

5, Particle size and gradation appro-
priate to the type of construetion.

All of the above characteristics except
size and gradation and, to some extent,
crushing characteristics, must neecessarily
be inherent in the aggregate selected if
the finished produet is to be of the high-
est quality, The processing required in
producing the so-called manufactured ag-
gregates congists mainly of crushing and
screening to produce the particle sizes
and gradings required for the various
types of construction, and of washing the
crushed product to remove undesirable
materials such as clay, loam, orgahic ma-
terial, and excessive amounts of rock
powder.

In selecting aggregates from local
gources for low-cost and intermediate
types of consgtruction, it is often possible,
and always desirable, to maintain just
as high quality standards as for the more
expensive types. As a praectical matter,
however, it is often necessary to waive
one or more of the requirements, in part
at least, for congiderations of economy or
availability, Often, where this is neces-
sary, it is possible to compensate for the
reduetion in guality of the aggregate by
slight modification of the grading and
mixture design. .

IFor instance, it is generally required
that the Los Angeles abrasion loss on ag-
gregate for surface treatment or maca-
dam should not exceed 35 and 40, and on
aggregate for high type of mixed surfac-
ing should not exceed 40 or 45 percent.
However, aggregate not meeting these re-
quirements for hardvess can be used if

the type of construction will permit in-
creasing the percentage of fine material
to produce a cushioning effect on the
coarse aggregate und protect it from
degradation during compaction.

Low porosity

Low porosity is an important property
of aggregate for bitnminous work regard-
less of the class of comnstruction. High
porosity, evidenced by high absorption,
will generally increase the cost of the
pavement because of the higher bitumen
requirements. No allowanee in extra
bitumen is necessary when the absorption
of the aggregate is 1 percent or less and
this amount of porosity is desirable gince
it aids adhesion of the bituminous film,
However, when the absorption of the ag-
gregate is over 1 percent, an allowance
ghould be made in the bitumen require-
ments to compensate for it.

Resistance to stripping

Resistance to film stripping, or hydro-
phobie guality, is important for all ag-
gregates for bituminous work, This
property is difficult to measure accurately
and the factors that affect it are not fully
understood although it is thought that
both surface chemistry and surface tex-
ture or porosity are involved. In recent
years scveral chemical treatments and
proprietary compounds have been devel-
oped to improve the adhbesion of bitum-
inous material to the aggregate particu-
larly where tests show the aggregate to be
hydrophilic, or especially susceptible to
film stripping in the presence of water,
Some of these so-called anti-stripping
compounds and treatments seem to be
very effeciive in the early stages of sery-
ice when used in connection with ligquid
asphaltic materials. They should be of
speciat value on winter and spring main-
tenance work because there are some of
them that make possible the coating of
wet aggregate and the adhesion of bi-
tuminous patches to wet pavements. The
permanence of these benefits has not as
yet been established but, regardless of
their permanence, the most effective of
these materials have a definite value,
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Particle size and grading

The maximum particle size and the
grading of the aggregate arve factors that
have a most important bearing on the
appearance, strength, and durability of
the bituminous pavement. Surface treat-
ments, for example, may vary consider-
ably in thickness depending upon the
specification regqnirements for quantity of
binder and cover; but a fundamental re-
quirement for the aggregate is that the
first or main stone course should be com-
posed of uniformly sized particles, the
diameter of which ig approximately the
same as the thickness of the proposed
surfuce treatment.

For deunse mixtures, on the contrary,
the aggregate is graded in size from that
of the largest particles to dust, and the
distribution of the size fractions is such
as to produce a dense finished pavement.
If the largest particles arve too course
or if an excessive percentage of coarse
particles is present the mixture will have
4 tendency to segregate during handling
and laying operations and the result will
be an unsightly surface finish and poor
sealing. (‘xenerally, mixtures in which
the maximum size of the aggregate par-
tieles is 34{-inch or less will not show
objectionable segrepation. If, on the
contrary, the maximum size ig 1 inch
or wmore, segregation is difficult to avoid
unless the mixture is heavily sanded.

Stability

Workabilily and surfuce finish, while
important, are secondary to considera-
tions of stability, or strength to carry the
traftic load without shoving or rutting,
and high density to promote durability.
These factors are, to a large extent, in-
fluenced by the grading of the ageregate,
Grading requirements for such mixture
types as sheet asphalt, bituminous con-
crete, and dense-graded road mix are well
established and are to be found in the
standard specifications of the State high-
way departments, engineering agencies of
{he Federal Government, and in the hand-
books and manunals of various technical
orgunizations and producers of road ma-
terials,
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These miore or less fixed requirements
congtitute the factor that generally neces-
sitates specinl mannufacturing or process-
ing of commercial aggregates, They are
well justified where the construction is of
the highest type, as for city streets and
main highways, since they tend to resulf
in a good degree of uniformity of the
finished product under adequate inspece-
tion eontrol. There are, however, {re-
quent instances in low-cost work where if -
is impractical to bring the grading of the
aggregate into exact cowmpliance with
gtandard requirements. In such cases it
is frequently possible to obtain sufficient
density and stability by blending aggre-
gates from two or more neighboring pitg
or even from diffcrent parts or levels of
a single pit on the basgis of preliminary
laboratory studies of the gpecific mate-
rials involved and without regard to set
grading reguirements, This is a highly
important phase of highway development,
since it encourages the fullest utilization
of local materials and makes it possible
to build reasonably good roads where
funds are limited and where gupplics
of standard materials are searce or ex-
pensive. )

Fillers

Rock powders or fillers are generally
used in dense-graded aggregale mixtures
10 improve hoth density and stability.
Limestone dust, having about 85 to 95
percent passing the No. 200 sieve, ig the
most widely used of the fillers, How-
ever, there are other powders that are
used successfully. These include port-
land cement, slate dust, blast lfurnace
slag dust, some trap-rock dusts, and “fly
from steam power plants. Two
quality attributes are mecessary: (1)
that the dust shall be hydrophobie in
character, and (2) that it shall be fine
cnough go that most of it will pass the
No. 200 sieve and graded so that an ap-
preciable portion will be even finer,

Types of Bifuminous Surfaces and
Their Uses

In order to meet the muny different re-
quirements of service under a wide range




of climatic conditions and to compensate
for deficiencies or exploit special quali-
ties of the aggregates and bituminous
materials most conveniently and econom-
jcally available, many types of bitumi-
nous construction have heen developed,
These types are classified as follows:

1. Surface treatments and seals,
. ‘Roek asphalt.
. Penetration macadam.
. Mixtures:
(a) Those that are laid hot:
(1) Dense-graded bituminous con-
crete.
(2) Open-graded bituminous con-
crete,
(3) Sheet asphalt.
(4) Sand asphalt.
(b) Those that are laid cold:
(1) Dense-graded road mix,
(2) Open-graded road mix,
(3) Dense-graded plant mix.
(4) Open-graded plant mix,

SRR )

Specifications covering, in detail, the
regquirements for materinlg and constroc-
tion procedures for these types have been
prepared by the State highway depart-
ments, Federal agencies, and trade and
technical sassociations, and are readily
available [84-86]. - Aceordingly, only
broad distinetiong and a few of the con-
siderations leading to the choice of spe-
cific types will be discussed here.

Surface treatments and seal couts

Seal treatments are intended primarily
to-protect or enliven already existing bi-
tuminous surfaces.  They consist essen-
tially of -a single application of hitumi-
nous material and a cover of relatively
fine aggregate such as sand or stone
sereenings,

Light surface treatments are used
where improvements in textural qualities
are needed to provide resistance to skid-
ding and better visibility for night driv-
ing. The cover aggregate used for this
purpose is a one-size material, somewhat
coarsger than that used in geal treatments.

Heavy or multiple surface treatments
are used on old surfaces when it is de-
sired to add appreciable thickness or to
improve riding qualities. They are also
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used as the wearing course on newly
constructed, primed hagses composed of
such materials as stabilized goil, gravel,
and water-hound macadam,

The single-application treatment, as itg
name implies, cousists of one application
of bituminous material and one applica-
1ion of cover aggregate of a size to give
the desired thickness,

The multiple-application treatments
involve from two to four spreads of ag-
gregate, the first of which is of such size
and quantity as to determine essentially
the thickness of the completed wearing
course. The succeeding spreads are of
progressively smaller size and quantity
to provide key, choke, and seal, Hach
spread of aggregaie is preceded by an ap-
plication of the selected hituminous ma-
terial in appropriate quantity and is fol-
lowed by rolling, The total amount of
bituminous material in the finished weazr-
ing course will vary from 7 to 10 percent
of the dry weight of the total aggregate.
A convenient method of estimating quan-
tities is to allow 0.1 gallon of bituminous
material for each 10 pounds of cover ag-
gregate. The procedure requires some
modification to prevent flooding when bi-
tuminous materials of low viscosity are
used:;

Penetration macadom

Penetration macadam, widely used in
former years, is now limited to localities
where especially tough, durable aggre-
gates abound and where the peculiar re-
quirements for the building of smooth-
riding surfuces of this type are well un-
derstood. Penetration macadam is usu-
ally laid on bases consisting of old or new
water-bound macadam or gravel. The
coarse aggregate is essentially one-size
material, the largest particles of which
closely approximate, in diameter, the
thickness of the conipleted wearing
course, 'This aggregate is first rolled to
produce initial interlocking, after which
the first application of bituminous ma-
terial is made. Smaller aggregate, called
keystone, is then spread and rolled. The
final, or seal application of bituminous
material is then made and covered with

small, one-size aggregate,
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Some modification with respect to the
size of keystone and to the order of ap-
plying the first increment of bituminous
material is necessary, when emulsions,
tars, or other materials of low viscosity
are used, to prevent flooding the bottom
portion of the course. Great care must
be used in each step of the construction,
particularly in spreading and rolling the
ecoarse aggregate, to obtain smoeth rid-
ing qualities.

Plant-mix bituminous mixtures

The preparation of bituminous mix-
tures in stationary plants permits close
control of temperature, moisture content,
and mixture composition. TFor roads
carrying heavy traffic, the relatively high
cost of plant mixing is considered to be
justified by the quality and uvniformify
obtained. .

Among the types of plant mixtures that
are extensively used are the following:

1. Bituminous concrete;

2, Sheet asphalt.

3. Sand asphalt,

4. Mixtures eontaining liguid bitumi-
nous materials. )

Bituminous concrete and sheet asphalt
are the highest types of bituminous con-
struction. Bituminous concrete can be
designed to carry the heaviest traffic and
is eminently suitable for use on the most
important highways. Sheet agphalt, while
not as stable as bituminous concrete, is
held in high regard for the paving of
city streets because of its excellent ap-
pearuance and superior riding qualities.
It is laid as a wearing course on a binder
course of bituminons concrete.

Sand-agphalt and the graded mixtures
containing liquid bituminous materials
are similar in appearance and general
characteristics to the two types described
above, but are built under less exacting
specification requirements for less rigor-
ous service, and are widely employed
where it is desired to obtain the greatest
possible use of local materials.

Bituminous concrete, sheet asphalt,
and sand-asphdlt contain binders of pene-
tration grades and consequently are
mixed hot. Mixtures containing liquid
bituminous materials, on the other hand,
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are mixed at only slightly elevated tem-
peratures.  Recent developments in me-
chanical equipment have resulted in im-
proved control of proportioning and mix-
ing operations. The development of
highly efficient spreading and finishing
equipment has resulted in the almost uni-
versal abandonment of hand raking and
finishing,.

Traiveling-plant or road-mix bituminous mixtures

The traveling-plant or road-mix type of
bituminous construction owes its early
development to the need in certain areas
for extensive mileages of road improve-
ment with an absolute minimum of funds
and the consequent need for the fullest
exploitation of local aggregates and Lhe
simplest and least expensive construction
equipment.

The development of many sueccessful -

types of traveling plants has brought
about improved processing and control of
proportioning as well as substantial
economies.

The major portion of the construction

of this type utilizes aggregates from nat-
ural banks and pits or from the roadway
itself. The bituminous materials used
are of the liquid type, the class varying
with the character and gradation of the
aggregate and the climatic conditions.

The mixing may be done in place on
the roadway with disks, harrows, and
blade machines, or with powerful pug-
mill or shredder-type mixing machines.
In other ecases, the previously blended
and windrowed aggregates are picked up
by a traveling plant which then adds the
bituminous material at a conirolied rate,
does the mixing, and deposits the finished
mixture in a windrow behind the ma-
chine. Laying and leveling are usually
done with blade graders. Compaction,
which was formerly left to traffic, is now
usually aceomplished with either rubber-
tired wobbly wheel rollers or flat-faced,
steol-shod rollers, with the result that
both durability and riding qualities have
been improved. :

Many of the roads on which these sur-
facing types were originally constructed
have, as a result, increased so much in
use and value that more substantial con-
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struetion has been necessary, but there
are thousands of miles of the characteris-
tie road-mix type in use, Many of them
have paid for themselves in reduced
maintenance costs alone,

The Design of Bituminous Mixtures

The functional role of a bituminous
pavement, considered as an element of
the highway structure as a whole, deter-
mines the primary factors that govern
the design of the bituminous mixfure.
Such a pavement performs a twofold
function : It distributes the Ioads imposed
by traffic to the underlying base; and, at
the same time, provides a protective wa-
terproof covering for the base.

The successful performance of these
functions requires that the bituminous

. mixture, of which the pavement is com-
posed, be possessed of certain qualifies.
Although the bituminous pavement
sometimes consists of two parts, a base
course and a surface or wearing course,
in most of such cases the basic qualities
desirable in one course are egually de-
sirable in the other,

Stahility requirements

A bitnmineus pavement must be able,
without permanent deformation or inter-
nal displacement, to transmit wheel loadsg
to the underlying base. The bituminous
mixture must therefore be stable, and
this quality of stability is of prime im-
portance in design. Of a number of fac-
tors ‘influencing the stability of a mix-
ture, the following are consgidered to be
of special consequence:

Gradation of the aggregate—The sta-
hility of a bituminous mixture is very
closely related to the density of the min-
eral aggregate, and the potential density
of the aggregate is largely a function of
particle-size distribution. The stability
of a mixture containing an aggregate
that is well-graded from coarsest to finest
particles will be greater than that of a
comparable mixture containing a poorly
graded aggregate.

The shupe and hourdness of the aggre-
gate particle~—Rough, angular particles

.gree of gtability.

are more effective than smooth, rounded
particles in the development of a high de-
If soft, easily crushed
aggregate is used, the particles may crush
under the weight of traffic to the extent
that the spaces between the particles be-
come too small to contain the bituminous
binder. Such a condition eventually re-
sults in pavement instability.

The guantity and consistency of the
Bituminous binder—In certain types of
mixtires, stability is affected by the con-
sistency of the binder, with. the binders
of higher consistency producing mixtures
of greater stability. The requirements
for guantity of binder differ for different
types of mixtures, but the use of a gquan-
tity greater than the gross volume of
spaces between the aggregate partficles
after compaction is to be aveided in any
type of mixture for use in readways.

The degree of compaction.—The for-
mation -of a multiplicity of points or
surfaces of contact hetween the bitumen-
coated particles is essential in the devel-
opment of stability. While aggregate-
gradation and particle-shape are predis-
posing factors, compaction is required to
establish the maximum number of these
contact points or planes. The degree
of compaction depends upon the type of
compactive effort, the viscogity of the
binder, and other influences.

Durability requirements

A pituminous pavement must be dur-
able as well ag stable. That is, it must
be resistant to adversge cffects of water,
air, and extremes of heat and cold:

1. The bituminous mixture, when com-
pacted, must be sufficiently dense to mini-
mize theé intrusion of water in order not
only to protect the underlying bhase from
damage, but also to prevent damage to
the bituminous surface itself. In this
regard, the size of the individual voids
in the mixture may be more important
than the total percentage of voids. An
aggregate of small maximum size having
a high void content may be more effective
in redﬁcing penéU‘ation of surface water

" than a more coarsely graded aggregate

having a lower void content.
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Some types of aggregates have a tend-
ency to loge bituminous coatings in the
presence of water, and where such aggre-
gates must be used, particnlar emphasis

on denseness is essential in design, In

solme eases, bituminous binders treated
with additives to increase adhesion to
the aggregate particles in the presence of
water are used to good advantage,

2. Exposure to air is conducive to pro-
gressive hardening of the bituminous

binder by oxidation. The rate of hard-.

ening is partially dependent upon cer-

tain properties of the bituminous binder,"

some binders being characteristically
more resistant to oxidation processes
than others. 'The extent of hardening is
partially dependent upon the accessibility
of air to the interior of the pavement, the
extent being greater and the rute heing
faster in pavements of low density where
air has easy access. On pavements of
guch type, seal coats are often effective in
retarding hardening of the binder. Hx-
ceggsive hardening results in surface abra-
sion, cracking, and cventual disintegra-
tion of the pavement.

3. The temperature conditions to which
the pavement is subjected influence the
degign of mixtures. - Whether the pave-
ment will be exposed to very high or very
low temperatures, or to extremes of both
heat and cold, must, be taken into acceount.
In hot climuates the use of soft binders
and high bitumen contents tends to cause
instability of the mixture. In cold ecli-
mates the use of soft binders and rela-
tively rich mixtures reduces the tendency
of pavements to crack.

It should not be inferred from the fore-
going that stability snd durability are
complementary, Mixtures designed for
high stability are not of necessity highly
durable, or vice versa. On the contrary,
in many cages the opposite relation will
obtain. For example, a mixture consist-
ing of a small proportion of bituminous
binder of relatively high consistency and
a densely graded aggregute containing a
high percentage of clay may be highly
stable, yet be s¢ prone to crack in cold
weather and so susceptible to water ac-
tion as to be totally lacking in durability.
Good desigu practice recognizes the de-
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girability of both stability and durability,
yet it is often necessary to strike a bal-
ance between the two gualities.

Although stability and durability are
two most important elements in bitu-
minous mixture design as it relates to
pavement performance, other considera-
tions must be ftaken into account. For
economic reasons, selection of aggregates
is very often limited to thosc available
loeally, and the individual properties of
these aggregates may affect the mixture
design materially, Again, the design re-
quirements_for a pavement in a heavily
travelled urban street are necessarily dif-
ferent from those for a light-traffic, farm-
to-market road. The types of paving
equipment available in the urea, local
preferences for certain pavement types,
the need for providing a surface texture
of especially high resistance to skidding:
these are typical of the special matfers
that must often be considered in design-
ing bituminous mixtures [84].

Structural Design of Nonrigid
Pavements

Prior to World Wur I1, the design of
pavements of the nonrigid type was based
almogt entirely upon the experience and
Judgment, of the engineer. There were
several reasons for this: (1) The method
appeared to be giving satisfactory results
under the traffic conditions prevailing at
that time; (2) basic knowledge neces-

“sary for the development of gcientifie

methods of design was lacking; and (3)
the general use of stage construction did
not seem to lend itself readily to the pos-
sible utilization of scientific wnethods of
design,

Empirical design

A great deal of new and pertinent in-
formation i'egarding the design of this
class of pavements was developed dur-
ing the war in connection with the airport
construction program. It was indicated
that thickness design procedures of an
empirical nature might be nsed to great
advantage in the construction of high-
way pavements of the nonrigid type. For




example, the program focused attention
on {he practicability of utilizing the re-
sulty of small-scale strength tests of the
subgrade soil for estimating the thick-
ness of pavement required. As a result
some 20 of the State highway departments
have developed empirical design proce-
dures that are being given a thorough
trial in praetice. These procedures are
such that they serve {o eliminate to a
large extent the element of personal eval-
nation of a given set of conditions. The
principal deficiency of the experience-
judgment method was that the answer in-
variably reflected the opinion of an in-
dividual whose appraisal of a given set
of conditions may bhave led to the use
of thicknesses considerably greater or less
than necesgary, Beeause of the tremend-
ous increase in cost of road building and
the gredter volume of work under way,
particularly in the field of secondary road
improvement, the adoption and use of
orderly design procedures merit serious
congideration.

C. B. R. test methods

In the discussion that follows certain
information regarding a number of the

Table 12.—Character of principal procedures

thickness design procedures that have
been developed Tor highway loading. con-
ditions hag becn assembled (see table 12).
Five out of the eleven methods . listed
employ. the California Bearing Ratio
(C. B. R.) test. This fest is made
with a penetration piston, 1.95 inches
in diameter, g0 loaded that it penetrates
the material at a rate of 0.05 inch
per minute, The results of the fest
are expressed as a percentage of the
standard stability value for graded
crushed stone, In some cases the test is
made on the material in place, in others
upon molded specimens of the soil pre-
pared at the density and moisture con-
tent anticipated in the field. In other
cases the test is performed upon speci-
mens soaked in the standard . B. R.
mold for 4 days. Two of the methods
utilize plate-load tests; two determine
thickness upon a basis of the gradation
of the soil and upon other of the soil test
constants,  One method relies on infor-
mation disclosed by detailed soil surveys
to determine the thickness of pavement
needed. .

The methods of approach used in de-
veloping the Australian [837], California

for design of thickness of nonrigid pavements

Subgrade correlation tests

‘Method Basis of thickness design "Traffic factor
Australia .._.____ Soil eharacter_____________ ... Grading LL, PL, L8 ... __ W heel load.
California_.____.__ Design curves_ . o _ooooooailiano CBR._.___ e . Da.
Cangda_____. SR t==65 108 — o ees Plate bearing, CBR,, CB, IP, Do,

triaxial shear.
Colorado_ ... Design eurves_ ___ooo ool oo OBR, grading LL, PL_._.__....} Volume.
Group Index .| Seil character. . ___ . ________ _{ Grading LL, PT.____.______. _ Do,
Kansas - _| t= \/ 3 F "’”“) Triaxial shear. ... ... Volume and wheel
2m O3 load.
Miechigan__.....___| Soil survey data____ i Volumo.
Minnesota.. ... Design CUrves. .o iiiciamian CBR.

North Carolina___ t=a—‘, %J~

S —
t=1‘2—\/'§——0.27—JA: el

Design curves

New Mexico
Wyoming________

W heel load.

CBR . . Do.
CBR e Vaolume and wheel
load.

f=pavement thickness.
P=wheel load.
s=gubgrade bearing {except in Kansas formula).
s=permitted deflection of pavement (in Kansas
formula).
m==traffic coefficient.
n=saluration coefficient.
C=subgrade modulizs of elasticity.
Cpr=pavement modulus of elasticity.

e=radius load contact area.
A =area load coutact area.
p=unit contact pressure,
CB=cone bearing.
HP =Housel penetrometer,
CBR=California bearing ratio.
LL=Liquid limit.
PL =Plastic limit,
L8 =Linea] shrinkage.
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[891, and Minnesota [90] procedures of
design were basically similar., Each in-
volves the study and sampling of roads
in service at Jocations where they have
given both good and bad performance,
and the correlation of test values of the
subgrade with the thickness of pave-
ment.
approach was used in developing the
Group Index method [911 of estimating
thickness.

Development of method

In the development work on the Cali-
fornia and Awustralian methods, roads
that had carried different weights and
volumes of traflic were included, provid-
‘ ing in the initial studies some pertinent

information with respect to the influence
of traffic.  This method makes it possible
to obtain also useful information with
respect to the condition (density and
moisture content) of subgrade soils, in-
formation which in the final analysis
constitutes the factual data necessary for
the design of the thickness of pavement.

The California and Minnesola methods
provide for the determination of the
“strength” of the subgrade soil by meang

of the C. B. R. test and the selection of

thickness from empirically developed de-
gigh curves (C. B. R. versus thickness).
The methods differ in that the former
provides for C. B. R. determinations upon
soaked specimens of the subgrade soil
compacted under the static load of 2,000
pounds per square inch while in the latter
the tests are made upon undisturbed
specimens of the subgrade or upon speci-
mens of the material compacted at field
moisture and density.

The Australian method makes use of
results of the standard physical soil tests

in estimating the thickness of pavement '

required for cither normal traffic condi-
tiong (9,000-pound maximum wheel load)
or heavy traflic conditions (13,500-pound
load). Thickness is estimated by a
“Grading Rule” or a “Soils Moisture Re-
Jations Rule.”. For certain conditions
the first rule is used and for cthers the
second., For most conditions both rules
are applicable and give essentially the
gaime results.
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A somewhat similar method of

Group Index methad

The Group Index method of estimating
thickness also utilizes soil test data.
Numerical values of the index represent
the thickness of the sub-base portion of
the pavement. In a discussion of the ap-
plication of this method, D. J. Steele [91]
shows graphically thicknesses of the
surface-bage and of the sub-base com-
ponents of the pavement for three traf-
fic densities and for four subgrades. KFor
light, medium, and heavy traffic the thick-
ness of the surfacing plus the base are
given as 6, 9, and 12 inches respectively.
For subgrades ciassed as good {group
index 0 to 1) no sub-basge ig required ; for
subgrades classed as fair (group index
2 to 4) 4 inches of sub-base is indicated ;
for poor subgrades (group index 5 to
9) a sub-base thickness of 8 inches; and
for very poor subgrades (group index
10 to 20} a sub-base thickness of 12 inches
ig Indicated as being neccssary by this
method of design.

Strength-test methods

The Canadian [927, Kansas [931, North
Carolina [94], and New Mexico [95]
methods of design utilize formulas for
converting strength test wvalues of the
subgrade soil into pavement thickness,
In all four, the thickness of pavemont
is expressed in terms of the wheel
load and the subgrade strength. The
Canadian formula is based upon the re-
sults of plate-load tests of pavements
having cohesive subgrades. The triaxial
thickness formula (Kansas) [93] is based
upon eclastic theory. The North Caro-
lina formula was developed by Vokac
from theoretical considerations, and the
New Mexico formula was developed upon
a basis of certain assumptions with re-
spect to the effective tire contact area
and angle of load distribution. The
Canadian and Kansas formulas have con-
siderable background, the former being
based on comprehensive load fest data
while the latter has been used with ap-
parent success for a period of about 4
years.

Mumerical rating systems

The Colorado [86] and Wyoming [97]
methods involve the conduct of a sub-




¢rade strength test (G B. R.) and the
conversion of strength values so deter-
mined to thickness of pavement by means
of a series of empirically developed de-
sign curves, The Colorado method also
utilizes values of the group index as a
supplement and check of the C. B. R.
values. Both of  these methods are
unique in that they provide for a con-
gideration of the variables entering into
the problem by means of a numerical
rating system, The Wyoming method
considers the items of precipitation, ele-
vation of the water table, frost action,
appraisal of subgrade environment, and
trafficc. The Colorado method considers
frost conditions, moisture conditions, and
trafic. 'With both methods the . B. R.
test is made according to the California
procedure upon soaked specimens of the
material. While this procedure of mak-
ing the strength test would seem to pro-
vide for the most adverse condition of
the soil, the numerical system of rating
those factors that influence the condition
of the soil permits an adjustment of the
strength values obtained with “soaked”

specimens to compensate for the condi-
tions actually prevailing.

Field studies

The Michigan [98]1 method of arriving
at the thickness of pavement required
for different conditions is based upon the
combined judgment and experience of a
staff of engineer-soil specialists. Iield
studies rather than laboratory studies
and testing are emphasized in this design
procedure. Detailed soil surveys are
made, utilizing the pedological profile sys-
tem of classification. Soils engineering
data have been compiled for each of the
sofl groups, data which provide informa-
tion relative to the grade line, elevation
of the water table, ditches, cross section,
and required thickness of the sub-base,
base, and surface portions of the pave-
ment.

Comparison of methods

IPigure 49 shows graphically how cer-
tain of the methods of design provide for
increasing the thickness of pavement with
wheel load. The report deseribing the
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reetly with increase in wheel load.

Minnesota method makes no mention of -

the wheel load or traffic factor. The Col-
orado, Wyoming, Michigan, and Group
Index methods consider the wvolume of

traffic rather than the magnitude of the

wheel load. The numerical values of
thickness represented by the seven rela-
tions in figure 49 are for the most part
qualitative rather than guantitative, al-
though they are intended to represent
thicknesses that the various methods
would require for a soil having a C. B. R.
of 3. The values used in plotting the
Canadian relation were obtained directly
from charts in the published report.

According to the data in figure 49, five
of the methods (Australian, California,
North Carolina, New Mexico, and the
triaxial) would provide for increasing
the thickness of pavement with load ap-
proximately as the diameter of load con-
taet arean or as the square root of the
wheel load. The two other methods (Ca-
nadian and Kansag triaxial) would pro-
vide for increasing pavement thickness
at a much more rapid rate—almost di-
The
difference hetween the Kansas triaxial
formula relation and the other triaxial
relation is due to the fact that in the
former s, the permitted deflection of the
pavement, is assumed to be constant ir-
regpective of the wheel load wherecas in
the latter permissible deflection is as-
sumed to vary as e, the radius of the load
contact area, or directly as the square
root of the wheel load,

Lack of agreement

The gignificant deduction te be drawn
from the data in figure 49 is that there
is apparently a considerable lack of
agreement among the seven methods as
to the extent to which the pavement
thickness should vary with the wheel
load. Agsuming that, for a soil having a
C. B. I&. value of 3 and a 10,000-pound
wheel load, the required thickness of a
pavement is 24 inches, the thickness re-
quired for a 5,000-pound wheel load
would be 17 inches by five of the methods
and 12 inches by the other two. Or,
stated another way, if it iy assumed that

the thickness required for a 5,000-pound -
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load is 12 inches, five methods would
require only about 17 inches for a 10,000-
pound load as compared with 24 inches
required by the other two methods.
These indicated differences in pavement-
thickness requirements for different
wheel loads in the case of the two groups
of methods cited are by no means insig-
nificant.

Effect of traffic

In connection with the question of the
extent to which the thickness of flexible
pavements should vary with wheel load
there is a growing tendency to give more
consideration in design to the volume of
traflic than to the magnitude of the per-
missible wheel load, This is evident from
a study of the methods of design listed
in table 12, Wyoming, for example, con-
verts the number of commercial vehicular
loads to equivalent repetitions of a 5,000-

pound wheel load, values which are em-

ployed in their method of estimating
thickness. Colorado considers fraffic in
terms of number of vehicles per unit of
time. Kansas considers both the volulne
of traffic and magnitude of the antici-
pated wheel load. Michigan considers
the volume of traffic as a guide to the
selection of the type and thickness of
the bituminous surfacing for gravel hases,
i. e, for roads carrying 500 to 1,000 vehi-
cles per day bituminous-concrete sur-
faces are used, and for roads carrying
50 to 200 vehicles per day surface treat-
ments only are employed.

The effect of traffic on a bituminous
pavement is known to be beneficial rather
than harimful providing the average
wheel load is not excessive or is within
the safe bearing capacity of the strue-
ture and providing that the trafiic is
reasonably well distributed over the road
surface. The action of such traffic tends
to increase rather than decrease the
strength of the pavement by reason of
its compactive effect. On the other hand,
a road whose strength is inadequate to
carry an-excessive wheel load may be
damaged seriousiy by the passage of a
few such loads or the structure may be
disrupted to such an extent that normal
traffic loads will later have an adverse




effect. It is true that the volume of traf-
fic constitutes a rough index of the num-
ber of heavy wheel loads. Thus the
method of basing the design of this type
of pavement upon the volume of traffic, to
a certain extent at least, considers the
magnitude of the wheel load.

Quality versus cost

In the field of secondary pavements,
the problem is to provide as much in-
herent strength in the structure as pos-
gible with available funds. Some sacri-
fices have to be made with respect to the
thickness and quality of those compo-
nents adjudged necessary for primary
pavements or else there could he no real

secondary type roads. 'To illustrate, the -

practice as reported in Michigan involves
the use of the same basic standards of
design for all bituminous roads insofar
as the base and sub-base are concerned.
The difference between what Michigan
apparently considers a secondary type
road and a primary road rests princi-
pally in the wearing surface, i, e, bitu-
minous treatments for secondary and bi-
tuminous concrete for primary pave-
ments. Where funds are not available to
follow such a practice in building second-
ary roads some other concessions in de-
sign must be made; that is, either the
thickness. of the base and the sub-base
must be reduced or materials of a lower
guality must be nsed. Where economies
might best be effected is a controversial
guestion. It would appear, however,
that savings in the initial cost of im-
provement should rest primarily in re-
duced thicknesses of the base and the sur-
face rather than in the elimination of

- the all-important sub-base course or even

in the reduction of its thickness. Of
course, if it is considered that a second-

©ary road need not be built to the same

standards of grade and alinement as a
primary road a great difference in over-
all cost could be effected.

Current research

There are many aspects of the prob-
lem of structural design of nonrigid pave-
ments that are still in need of investiga-
tion. More work should be done in an

effort to develop and perfect methodg of |
test that will permit a factual rating of
all of the constituent materiuls with re-
spect to their ability to support and dis-
tribute loads.

“Another part of the problem greatly in -
need of systematic study concerns the
effect of vehicular traffic upon bituminous
pavements. Controlled moving-load tests
should be conduected upon experimentally
built sections of pavement as well a8 upon

- gelected sections of pavement in service,

The problem shounld also be reap-
proached from the viewpoint of pure re-
gearch. More basic knowledge is needed
as to the precise manner in which plas-
tie materials react to quickly applied
loads. More basic knowledge is needed
also regarding those properties of plastie
materials that contribute to adequate
performance in road structures,

A great amount of research work is
now under way in this ficld. The activi-
ties of the State highway departments
that have interested themselves in the
problem to the extent of developing sys-
tematic design procedures represent one
important type of research. Every road
built according to a definite design pro-
cedure is poteptially a test road. If com-
plete records of its condition and pex-
formance are maiatained valuable infor-
mation will result,

- Cooperative study

A study of the structural design of

~nonrigid pavements is now being con-

duected as a cooperative undertaking by

the Public Roads Administration, the

Mighway Research Board, and the As-
phalt Institute. The plan, scope, and ob-
jectives of the investigation have been
described in detail elsewhere [99] and
will not be restated here. The results of
the investigation should yield definite in-

formation on many phases of the problem

mentioned before in this discussion. For
the particular materials used in the con-
struction of the pavement sections, the .
tests under way should result in the de-
velopment of factual data on load-pave-
ment thickness relations. Also, informa-

. tion should be obtained relative to the

effect of various moving-load traffic pat-
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terng upon different thicknesses of pave-
ment,

Many other agencies are now engaged
in studies of somec part of the general
problem. These include the Civil Aero-
nauties Administration, the Army, and
the Navy, in this country, and the De-
partment of Transport of Canada, The
combined efforts of all these agencies
should, in due course, result in the de-
velopment and use of standardized design
procedures for pavements of the nonrigid

type.

Portland Cement Concrete and Iis
Uses

Portland cement concrete has been nsed
extensively in the United States for many
years as a paving material and in the
construction of bridges. In both cases
concrete of the highest qua]ity is de-
manded, quality in this case ineluding not
only strength but durability as well. In
this respeet, highway concrete differs from
structural concrete used in buildings,
much of which is protected from the
weather.

Concrete pavements, in partienlar,
probably are called upon to resist not
only as severe hut also as great a variety
of destruetve forces as any type of strue-
ture in which this versatile engineering
material is used. For example, a pave-
ment must possess not only sufficient
strength fo resist the forces due to traf-
fie loads without structural failure, but

the concrete of which it is composed must

also be sufficiently durable to insure rea-
sonable permanence under the prevailing
weather  conditions, The destructive
forces which result from large and rapid
changes in temperature und moisture, in-
cluding the effects of alternate freezing
and thawing, produce not only direet ten-
gile and compressive stress, but also in-
duce complex stresses or “weathering ef-
fects” which sometimes result in partial
or complete disintegration, to resist which
we strive to produce what we call “dur-
able” concrete.
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Materials for Concrefe

It should be obvious that in order to
insurc concrete meeting such rigid re-
guirements great care mnust be exercised
in selecting not only the best materials
hut also in seeing to it that the methods
of combining these materials, as well as
the various construction operations —-
placing, finishing, curing, ete., are so con-
ducted that uvniform concrete of the re-
guired quality will be obtained. In this
discussion, brief reference to current
specification practice in this country, both
as regards materials and construction
methods, will be made. Attention will
also be called to the efforts which are con-
stanily being made to improve materinls
and methods in an effort to obtain con-
crete which will more adequately fulfill
the exacting requirements of highway use,

Portland cement

The standard specilications of the
American Association of State Highway
Officials [71, [100] recognize five ilypes
of portland cement, Of these, type I is
a general-purpose cement having few
chemical limitations and minimum phys-
ical test requirements; type 1I, a mod-
erate heat-of-hardening and moderate
sulfate-resisting cement; type III, a
high-early-strength cement; type IV, a
low-heat cement, and type V, a sulfate-
resistant eement. Except where high
early strength is required, most specifi-
eationg for highway work refer to either
{ype I or type 1L

Some engineers prefer type 1I cement
because of certain chemical limits which
restrict. the formation of ftricaleiwm sili-
cate and tricalcium aluminate to maxi-
mwmm values of 50 and 8 percent, respec-
tively. Whether such restrictions actu-
ally insure greater durability under se-
vere weather conditions, as some engi-
neers believe, is a moot point. They do,
of course, ingure a somewhat slower hard-
ening cement. The gpecification has the
further advantage over type I of provid- -
ing greater uniformity in composition.
All - specifications insure soundness




i

through the use of an autoclave (high
pressure steam) test. Although this test
ig generally considered as a great ad-
vance over the old pat test, there are
many engineers who feel that the max-
imum value of 0.5 percent for expansion
permitted by the standard specification
may be too high. A value of 0.2 is some-
times used.

Restriction of alkali

There has recently appeared in speci-
fications for portland cement a require-
ment that the percentage of sodium oxide
plus the percentage of potassium oxide,
when calculated as sodium oxide, shall
be limited generally to a maximum of
0.6 percent. This restriction on the total

alkali is imposed only in cases where it

ig anticipated that certain types of aggre-
gates which react chemically with the
alkalies in the cement may be encoun-

tered. It has been determined quite defi--

nitely that when guch a reactive combina-
tion exigts in concrete, delayed expansion,
followed sometimes by complete disinte-
gration, will almost surely result.

Air-entraining cement

The recent discovery that the work-
ability and durability of portland cement
concrete can be significantly improved
by the introduction into the mixture of

aboul 5 percent of air in the form of

minute disconnected bubbles has pro-
foundly affected the technology of cement
manufacture.  This action is known tech-
nically as “air entrainment”™ aund this
particular type of concrete as “air-en-
training concrete.” In order to ftulfill
demands  for alr-entraining concrete,
manufacturers are now producing cerment
in which suflicient air-entraining ma-
terial has been interground to produce
the required air content of the concrete,
Standard specifications of these air-en-
training cements have been developed.
These are similar to the specifications for
plain or non-air-entraining cement except
for a provision limiting the amount of
air which must be entrained by a stand-
ard mortar. The specified value is now
18 =+ 8 percent. This amount of air in

the test mortar will yield about 5 percent
air in the concrete under average con-
ditions. At the present time two com-

‘mercial air-entraining additions © are

recognized as acceptable for intergrind-
ing: Vinsol resin, a product of the distil-
lation of pine wood ; and Darex, which is
defined as a triethanolamine salt of a sul-
fonated hydrocarbon. Other materials
are also available, some of which are prob-
ably satisfactory.

The extent to which air-entraining ce-
ment 18 now used in conecrete [101], [102]
is indicated by the fact that last year
from one-guarter to one-third of all the-
portland cement manufactured in the
United States was of this type.

Alr enfrainment in mixing

Air entrainment in concrete can also
be secured by adding the required amount
of air-entraining material direetly to the
concrete at the time of mixing. Many
engineers prefer this procedure, feeling
that it permits of closer control of air
content than when air-entraining cement
is used. In any event, the end result is
the same, provided an air content of not
less than 3 nor more than 6 percent is
obtained. Both Vinsol resin and Darex,
the na.tionauy approved air-entraining
materials, are marketed commercially for
use as admixtures-—that is, for addition
directly to the concrete at the time of
mixing—as well as-for intergrinding with
cement. Other admixtures are also on
the market, many of which are probably
satisfactory. Standard procedures have
heen developed for evaluating proposed
materials of thig type.

Air-entraining coucrete  is probably
Lere 1o stay. The improvement in work-
ability with corresponding reduction in
bleeding and segregation is so marked
4% to make this development highly at-
tractive even without the improvement

.in durability which is obtained. There

is some loss in strength but with a
properly designed mix thig slight disad-
vantage is more than balanced by the
advantage of increased resistance to
freezing and thawing and to the action
of salts used for ice removal on pave-
ments.
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Aggregate guality

Most specifications for aggregates con-
tain provisions which insure that the ma-
terial will have sufficient structural
strength and soundness for the purpose
intended. Strength is usually measured
by means of the Los Angeles abrasion
test, which has largely replaced the old
Deval abrasion test used for so many
years to measure the quality of road-
building rock. Soundness is determined

by means of the sodium-sulfate or mag- "

nesinm-sulfate test, supplemented by
freezing and thawing tests in certain
instances. In the ease of both the abra-
sion and soundness tests, the appropriate
test limit for any particular specification
will, of necessity, be based on the quality
of the available materials. Moreover,
the area of availability, in most cases, i8
strictly limited because of the high cost
of transportation. In general, sgpecifi-
cation limits are set so as to insure the
use of the best available materialg, with
a maximura limit, usually not exceeded

except in special cases, of about 50 per-.

cent Los Angeles abrasion loss and about
15 percent sodium-sulfate soundness loss.

Alkali reaction

Until a few years age it was generally
believed -that concrete aggregutes were
inert to chemical attack by the cement,
Ag already indicated, it has now been de-
termined [103] that certain otherwise
entirely satisfactory aggregates may con-
tain substances in varying amounts which
will react chemically with the alkalies in
the cement. The compounds which are
formed within the concrete expand in
volume, causing surface cracking, fol-
lowed, in many cases, by complete dis-
integration. Materials which are be-
lieved to act in thig way include éertain
forms of opaline silica usually occurring
in chert, and certain types of altered
igneous rock such as altered andesite.
This trouble was first noticed in certain
of our Pacific Coast States and later in
the Rocky Mountain region. However,
evidences of failure due to chemical re-
action have recently been discovered in
" the southeastern part of the country, so
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that the trouble may he more widespread
than was at one time thought probable.
Both petrographie and physical tests are
now being used in an effort to determine
whether a proposed aggregate is reactive
with cement, If evidences of reactivity
are found and the material must be used,
there are two courses open. One is to
require that the total percentage of the
alkalies, Na.0-+K.0, shall be limited to
an amount which will be harmless, and
the other is to mix with the concrete
some material which will react immedi-
ately with the alkalies in the eement, thus
rendering them harmless, 'This latter
procedure is still in the experimental
stage.

Aggregate grading [104]

When the coarse aggregate exceeds
about 1 inch in size, it is customary to
specify that the material be shipped to

“the job and stockpiled in at least two

separate fractions. For example, when
the maximum size is 134 incheg, the usual
separations are No. 4 to 34-inch and 3
to 114 inches. The practice of batching
separated sizes of coarse aggregate con-
tributes a good deal to the uniformity
of the mixture and it is believed that the
slight additional cost is well justified.
Sand, or fine aggregate, usually is not
separated into sizes but is furnished as a
graded material, ranging in size from No,
4 maximum, down to No. 100. Within
this range of size rather coarse sands are
preferred, Most specifications, however,
permit a rather wide range in grading in
order to make the best use of locally
available materials, National standard
specifications show a range in the amount
pasging the No. 16 (0.047-inch opening)
sieve -of from 45 to 80 percent, in the
amount passing the No. 50 (0.012-inch)
sieve of from 10 to 30 percent and in the
amount passing the No. 100 (0.006-inch)
gieve of from 2 to 10 percent. It is re-
quired that at least 2 percent pass the
No. 100 sieve in order to provide sufficient
fines for workability. The sand also
must be clean and free from organic mat-
ter. It must also be sound and be com-
posed of fragments having adequate
structural strength,




Concrete Mixture Proporfion

There are two general methods in cur-
rent use for specifying mixture propor-
tions for concrete pavements, the so-
called “strength-design’” method and the
mettiod of fixed proportions [105]:

Strength design

In the first case the mix is designed so
as to produce concrete having a specified
fiexural strength (modulus of rupture)
based on laboratory tests made on con-
crete containing the same materials as
are to be used in the work. Under this
procedure the proportions and, conse-
quently, the cement content may vary
considerably from job to job, due to vari-
ations in the materials, Thig is, theo-
retically, the preferred procedure, in that
it shonld result in more economical use of

the available materials than is possible

with the method of fixed proportions.
Its disadvantage lies in the fact that it
requires a large amount of carefully con-
ducted Jaboratory work., Therefore, this
method should not be attempted un-
less adequate laboratory facilities and
trained personnel are available,

Fixed proportions

In the method of fixed proportions,’

quantities are usually stated in pounds of
fine and coarse aggregate per bag (94
pbunds) of cement. Volumetric propor-
tions are rarely used, principally because
volumetric batching is no longer permit-
ted, all aggregate batching now being
done by weight. In many cases, particu-
larly ih the northern States, where win-
ters are severe, a maximum limit on the
water-cement ratio, usually 6.0 gallons
per bag, is imposed. To illustrate the

method of fixed proportions, the follow-

ing is gquoted from the current specifica-
tions for eonerete pavement of the Ameri-
can Association of State Iighway Offi-
cials: Cement, 94 pounds; sand, 175
pounds; small size gravel, 140 pounds;
large size gradve, 215 pounds; maximum
water-cement ratio, 6.0 gallons per bag.
This proportion is based on the use of
rounded gravel.

. also be stated.

Crushed aggregate

‘When angular erushed stone or slag is
nsed as coarse aggregate it I8 customary
to increase the sand content about 15
percent to compensate for the harsher ag-
gregate. A corresponding reduction in
the amount of coarse aggregate is also
made, This iz done so that the total
absolute volume of the aggregate will re-
main constant, 4 condition which is nec-
egsary if the yield {amount of cement in
a cubic yard of concrete) is to remain
constant, The weights shown in the ex-
ample are also based on an assumed spe-
cific gravity of 2.65. When aggregates
having other specific gravities are used, it
is necessary to adjust the weights in or-
der to maintain the same absolute vol-
ume. This can be done by simple pro-
portion. v

In the above example, the proportions
are such that cohcrete having a cement
content of about 6 bags per cubic yard
will be obtained. 1t hug been found by
experience that this cement content will
ordinarily insure strengths which will
at least equal the American Association
of State Highway Officials’ minimum re-
guirement of 550 pounds per square inch
modulus of rupture at 14 days, for con-
crete designed for strength. This will be
true even for combinations involving rel-
atively low-strength materials provided,
of course, that these meet the basic speci-
fications for the cement and aggregates.
The specification is, therefore, safe.
‘When high-strength materials are avail-
able, these same proportions will yield
conerete  having strengths considerably
in excess of the minimum requirements,
thus illustrating the technical superiority
of the strength-design method. How- -
ever, for ordinary work, the method of
fixed proportions should prove satisfae-
tory, provided the base proportions are
20 set as to insure at least the minimum
reguired strength with the poorest of the
available materials, even though other
possible combinations of materialy might
give substantially higher strengths.

Consistency

The consistency of the concrete must
Congistency is usually
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gpecified in terms of slump, which will
vary with the method of placing. For
concrete pavements it is customary to
specify a slump of from 2 to 3 inches in
the case of concrete to be placed by means
of an ordinary power-driven screed and
from 1 to 134 inches in the case of con-
crete to be consolidated by vibration, The
slump test, although not a test for work-
ability, is an execellent test for relative
congistency and should always be used,
partienlarly in cases where it is difficult
to control the water content directly.

Air entrainment

The introduection of air entrainment
has posed new problems in mix design.
For example, the mix proportion just cited
is for plain concrete which will contain,
on an average, abont 1 percent air,
When either an air-entraining cement or
an air-entraining admixture is used, the
amount of air is increased to about 5
percent. Thig will, of course, slightly in-
crease the yield of conerete per bag of
cemernt, with resulting loss in strength.
However, an approximately constant
vield may be retained without sacrificing
workability by reducing the sand content
by an amount equal to about 3 pereent
of the weight of the combined aggregate,
or about 16 pounds in the case of the
Nustration previously cited. This would
make the adjusted proportions: 94:159:
140: 215, This adjustment will also tend
to equalize the strength, althongh experi-
ence indieates that there may be some
residual loss in strength even with the
reducedd sand content. It should, of

course, be emphasized that adjustments .

of thig type merely serve to establish a
trial mix which must be checked for yield
and further adjusted, if necessary, in the
field, using a full-size batch and exactly
the same materizals and mixing equipment
as will be used in the work.

Structural Concrete
The discussion of concrete as a high-
way material has so far been confined
largely to its use in pavements. How-

ever, most of the discussion, at least inso-
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far ag it concerns materials, will apply
also to concrete used in pridge construe-
tion. Complete specifieations for bridge
concrete are given in the Public Roads
Administration’s Specifications for Con-
struction. of Roads and Bridges in
National PForests and National Parks
(FP-41) [106]. These specifications con-
tain requirerments for materialg, propor-
tioning, and construction methods, includ-
ing erection of false work and forms:
handling, measuring, and batching mate-
rials; placing; finishing; and curing.
There are also sections on forming joints,
depositing concrete under water, and cold-
weather concreting.

Propartioning

These specifications, in the require-
ments for proportioning concrete for
bridges, provide for several classes, de-
pending upon the part of the structure

‘in which the concrete is to be used. Ce-

ment contents range from 4 to 7 bags per
cubic yard, depending upon the strength
required, degree of exposure, etc. Pro-
portions are not stated directly but must
be determined in each-case by the engi-
neer, using trial mixes containing the
same cement and aggregate ag will be
used in the work. The final mix must
be so adjusted as to fulfill the require-
ments of a master table which gives, for
edch class, the required cement content,
the maximum water content, and the con-
sistency as measured by slump. This
method of mix design has an advantage
over the method of fixed proportions in
that it makes it possible for the engineer,
within the limits imposed by the master
table, to adjust his proportions in ac-
cordance with the characteristics of the
materials he will actvually use in the work.

This method of proportioning is not
theoretically as sound a procedure as the
method of strength-design. However,
bridge structures are designed on the
basis of compressive gtrength and com-
pressive strength is not affected nearly as
much by type of aggregate as iz flexural
strength, For this reason this type of
gpecification will result in lesser varia-
tiong in compressive strength than in
flexural strength. Furthermore, the




same practical objection as regards the
large amount of testing which is required
under the method of strength-design ap-
plies here as in the case of pavement
concrete, All in all, it is believed that
the Public Roads Administration’s speci-
fication is the nearest practical approach
to the ideal that has as yet been
developed,

Durability

In a properiy designed bridge there is
little danger of structural failure pro-
vided the concrete has reasonable uni-
formity and meets the design-strength
requirements. However, as previously
stated, adequate strength does not neces-
garily insure adeguate durability, a prop-
erty which is extremely important, espe-
cially in the case of bridges exposed to
severe weather [107]. .'This applies par-
ticularly to concrete in the thin, exposed
gectiong of the superstructure, such as
corbg, handrails, rail posts, end posts,
ete. Kvery effort should be made to in-
sure the most careful fabrication of each
unit of such exsposed sections. Meticu-
lous attention to every detail of
construction is necessary, as there is
little factor of safety against failure due
to weathering.

It is believed that air entrainment will

‘ materially improve the durability of con-

crete structures which are subject to se-
vere weathering. The benefits are both
direct and indirect., In the first place,
the incorporation of entrained air will,
in itself, greatly increase resistance to
alternate freezing and thawing. In ad-

dition, we have the indirect benefits which'

result from the added plasticity and ho-
mogeneity of this type of conerete. These
tend to reduce segregation and water-
gain and thereby make it possible to
place more uniform concrete in the
structure. Thig is a matter of the ut-
most importance, particularly in deep
sections where there is 4 tendency for
water-gain to develop at the top of each
suecessive lift.

Vibration

Vibration [1081 is employed exten-
sively for placing bridge concrete, For

this purpose, internal tube or spud vibra-
tors are used. These operate at frequen-
cies ranging from 5,000 to 5,000 revolu-
tions per minute. Vibrators, if properly
used, are very effective in comnsolidating
conerete. However, they must be used
strietly for this purpose and not to assist
in distributing the concrete in the form,
as iz gometimes done. Vibration tends
to reduce somewhat the amount of air in
air-entraining concrete, This c¢an be cor-
rected by determining the air content of
a specimen which hus been compacted by .
vibration under as nearly as possible the
same conditions as in the work and ad-
justing the amount of air-entraining
agent accordingly. For best results it
iy recommended that both air entrain-
ment and vibration be employved in all
work subject to severe weathering and
that the vibration be employed in all
cases where more than 50 cubic yards of
concerete are reguired,

Curing

The thorough curing of all brifdge con-
crete ig very important. - Specifications
usually require that all horizontal sur-

faces be covered with wet burlap, cotton

mats, ete.,, for a period of at least 7 days
and that the surface be kept thoroughly
wet for this period. Wet straw or wet
earth may be substituted for the fabric
coverings as soon as the concrete has
hardened sufficiently to prevent marring
the surface. -All vertical surfaces, after
removal of the forms, should be kept
thoroughly wet for the same period,
either by sprinkling or by covering with
wet burlap, cotton mats, or other suitable
fabric. Wood forms, if allowed to re-
main in place during the curing period,
must be kept thoroughly wet.

Structural Design of Rigid Pavements

In the United States, constantly in-
creasing attenfion is being given to the
development of more rational methods
for the structural design of pavements,
whether of the so-called rigid type built
of portland cement conerete or of the
nonrigid type built with graded granular
materials and bitumen.
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As with any problem in structural de-
sign, the method must consist of an ap-
praisal of the forces to which the pave-
ment is subject, and consideration of so
propottioning the pavement structure as
to give it the best chance to resist the
effects of those forces for long periods
of service.

Load

Research has demonstrated that inso-
far as the structural design of a pave-
ment. is concerned, it is the lead imposed
by a single wheel that must be considered.
As motor vehicles are usually designed,
the load at the other end of the axle or
that of an adjacent axle does not ma-
terially increase the stress caused by the
given wheel [111].

The heaviest wheel load permitted by
law, in most States, is 9,000 pounds. A
few Eastern States permit 11,200 pounds
and five States have no wheel or axle
load limitation [112].
tations are not always observed, how-
ever, and wheel loads in excess of the
legal wheel load must be expected at
times on almost any highway pavement.

A motor vehicle in motion develops
forces or reactions between the wheel
and the pavement which exceed in mag-
nitude that imposed by the same wheel at
rest, The magnitude of thiz “dynamic
increment,” as it has been termed, has
been found to depend principally upon
the roughness of the road, the static
wheel load, -the softness or degree of
cushioning afforded by the tire, and the
vehicle gpeed. The total dynamic re-
action may range upward from the statie
wheel load to as much as twice that load
or even more [113].

Although there is evidence that the
effects of these dynamice or impact forces
on pavement structures arc not as great
as their magnitudes might suggest, the
adverse effect of impact forces on both
the pavement and the vehicle is well ree-
ognized, Hvery effort is made to con-
struct and maintain pavement surfaces
that are as smooth as possible as a pre-
ventive measure to control these destruc-
tive forces, :
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Width

As  previously described, pavement
width is eommonly defined in terms of a
number of lanes and the currently ac-
cepted idea of what constitutes a safe
lane width.

This leads to the construction of con-
crete pavements as a series of parallel
strips, each one lane in width (now com-
monly 10, 11, or 12 feet). ' .

The design of the cross section has
undergone geveral marked changes,
Originally concrete pavements were
thicker along the center line than at the
edges, following the pattern of the old
macadam surface. Later, for simplicity,
some were built of unniform thickness.
The advent of the heavy truck with solid-
rubber. tires, crowded to the outer cdge
by insufficient pavement width, brought
about an epidemic of corner breaks along
the outer edges of these pavements of
uniform thickness. This led to  the de-
velopment of the thickened-edge cross
section, which has been widely used over
the past 25 years.

Thickness

Research has shown that, insofar as
load stress is concerned, the thickened-
edge cross section is an efficient one,
Further study, however, developed a
knowledge of temperature stresses which
hag led to the conclusion thalc, when the
combined effects of load and temperature
are considered, the pavement slab of uni-
form thickness is at least as effective as
the thickened-edge cross section {1147,

~This conclusion, coupled with the fact

that with the present wider pavements
and higher operating spceds, the wheels
of heavy vehicles no longer travel along
the extreme edges of pavements, justify
the current trend toward a more general
use of the pavement of uniform thickness.

In practice, concrete pavement slabs
in the United Statey range in thickness
from 6 to 10 incheg, approximately,
Westergaard {115], [116] has developed
ahalyses of the load-stress relation in
concrete pavement slabs that take into
account the effects of position of the load,
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area of tire contact, the stiffness of the
subgrade support, and the various physi-
cal characteristics of the conerete itself,
These analyses are useful in explaining
the observed structural behavior of pave-
ments in service and for many other
purposes, However, for reasons that are
bheyond the scope of thig discussion, they
have not been applied to specific strue-
tural design problems up to the present
time.

‘Within the thickness limits mentioned,
that is, 6 to 10 inches, an attempt is made
to select a thickness value that takes into
account, at least to some extent, the de-
gree of subgrade support expected at a
particular location and to adjust. the
thickness to conform to the anticipated
traffic, particularly heavy-axle-load traf-
fie. These adjustments are not by any
means precige, being baged on experience
and judgment. Ilowever, the practice
does lead to the use of lighter designs
where subgrade conditiong are considered
favorable and traflie is moderate and to
heavy designs where. service ig more
severe.

Crack control

It has long been known that portland
cement concrete expands and contracts
with rige and fall of temmperature and
that, like wood and other materials, it
swells in the presence of moisture and
shrinks upon drying. The concrete in g
pavement is usually exposed to severe
conditions of termperature and moisture
change. Restraint, dne to slab weight
and sul}grﬁdO resistance, tends to prevent
the natural tendency of the concrete to
change in volume, with the result that
high stresscs are developed and the con-
crete ecracks, Irregular cracks are un-
sightly and difficult to maintain. It has
been general practice -to subdivide the

‘pavement into panels or slab units of

limited dimensions by means of joints, in
an effort to control this cracking tend-
ency. Research has ghown the general
magnitude and extent of the forces that

tend to produce cracking in concrete pave-

ments and has provided an explanation
for much of the structural behavior that
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has been observed in pavements in serv-
ice [114], [117].

Cenfer-line joinis

To control the irregular center crack-
ing that occurred longitudinally when
pavements were laid in integral widths
of 16 and 18 feet, a plane of separation
was introduced along the center line, -
This structural change effectively con-
trolled center cracking although the rea-
sons were not thoroughly understood
until many years after the change was
introdaced. Thig joint, the primary fonc-
tion of which is to relieve a stress caused
by certain temperature conditions, is now
in universal use.

The design may take any one of sev-
eral forms but the essential is that a
structural hinge be created along the
eenter line of the pavement. The separa-
tion may be caused by a deformed metal
plate or it may be a crack induced by
deeply grooving the surface at the time
of construction. Almost always the abut-
ting slabs are tied together by steel bars
placed across the joint. A common de-
sign for this detail provides l4-inch di-
ameter deformed steel bars, about 3 to
4 feet long, spaced from 214 to 5 feet
apart [118]. Ifs function is to prevent
opening of the longitudinal joint,

Expansion control

If concrete is subjected to a tempera-
ture above that at which it hardened it
tends to assume a length greater than it
had initially, If restrained from length-
ening, compressive stresses of considera-
ble magnitude are developed in the con-
crete.  Since a pavement slab under com-
pression acts somewhat as a column of
‘extreme slenderness, failure will nsually
oceur by buckling causing what has been
termed a “blow-up.” Some provigion for
expansion is necessary if blow-ups are
to be prevented, .

Heretofore, it has been usual practice
to provide for relief of compressive stress
by providing expansion space at intervals
of 100 feet or so. This usually consists,
of an opening 3; to 1 ineh in width com-
pletely across the pavement and to its
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il depth. To prevent the entrance of
foreign matter, the opening ig filled with
compressible material of some gort. Fre-
gquently this filler takes the form of a
premolded board or strip set on edge on
the subgrade at the time the concrete is
placed and left in place to form the joint,

Currently there is a trend away from
the use of expansion joints at such close
spacing, and research has indicated that
where pavements are subdivided into rel-
atively short panels by contraction joints
the need for expansion joints is greatly
reduced if not eliminated [119].

The desire te reduce the number of
expansion joints springs from the difficul-
tieg that attend their construction and
maintenance,

Contraction joinfs

Conerete contracts with a decrease in
temperature. Since it 18 a material with
.a low tensile strength, a continucus
length of pavement tends to crack into
relatively short slabg asg it contracts.
Plain concrete slabs 15 to 20 feet in length
appear to be able to withStand the forces
of serviee without cracking, and research
has indieated that combined stresses are
confrolled within reasonable limits in
slabs of this dimension [114]. Thus, if
the individual panels of a concrete pave-
ment are 11 to 12 feet wide (one lane
width) and 15 to 20 feet long, they may
be expected to remain structural entities
without the use of distributed reinforce-
ment, provided of course that they are
of adequate thickness.

Contraction joints are wusunally con-
structed by forming a deep groove trans-
versely of the pavement af the designated
location with the expectation that the
weakened section thug formed will de-
velop by cracking into a full plane of
separation. This ig usually referred to
as a “plane of weakness” or “dummy”
joint, and is the same type of construction
that was referred to in connection with
the digeussion of longitudinal joints,

Load fransfer

Load-transfer systems are used to de-
velop shear resistance at the joints in
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concrete pavements by making both siab
edges share the load that is imposed by
the wheel of a vehicle, 'This shear resist-
ance may be for the purpose of reducing
stress in the loaded slab edge, for the
purpose of reduecing vertical movements
of the slab edge as the load passes over
the joint, or for the purposc of main-
taining surface alinement at the joint,
These systems usually comprise an assem-
My of closely spaced steel dowels or other
shear-resistant anits anchored in one slab
and extending into or under the adjoining
slab, 'They are rather cogtly, cause some
construction difficulties when installed
properly, and are subject to deterioration
from exposure. However, they are a nec-
essary feature of concrete pavements as
ordinarily constructed [120], [121].
They are required at expansion joints by
most, and at contraction joints by ahout
one-half of the States [1187.

A typical load-transfer system consists
of an assembly of steel dowels % to 1
ineh in diameter, 18 to 20 inches in
length, spaced 12 to 15 inches apart, held
rigidly in a frame that can be alined on
the subgrade at the preseribed location
and left in place as the concrete is placed
around it. For expansion joints the pre-
molded filler material is incorporated as
a part of the asscmbly and an expansion
cap i8 provided at the free end of each
dowel. For eontraction joints no filler
is wused and the exXpansion caps are
omitted.

Reinforcing steel

Steel ag used for the reinforcement of
highway pavements adds but little to the
flexural strength of the slab. It is
neither adequate in amount nor is it well
placed to serve such a purpose. It func-
tions rather to insure structural integrity,
first, by ussisting in the creation of a
sound structural unit by preventing local-
jzed shrinkage during haydening and,
second, by holding tightly together the
parts of a stab unit should a erack occur,
Reinforcement for this purpose consists
of relatively light members, rather closely
spaced. It may be cither mats of sinall
bats or welded wire fabric. High yield-
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7point steel has obvious advantages for
this purpose. The usual practice is to
place the steel 2 to 3 inches below the
finished pavement surface.

‘When steel reinforcement is used, the
spacing of the transverse countraction
joints is inereased by an amount which
is proportional to the amount of longitu-
dinal steel in the reinforcement. Slabs
over 1,300 feet in length, reinforced with
1.8 percent of longitudinal steel, laid ex-
perimentally show no open transverse
cracks after nearly 10 years of heavy
traffic service [122]. Slab lengths of 60
to 100 feet are more commonly used for
reinforced pavement with a rauch smaller
amount of reinforcement,

Distributed reinforcement is used at
least for certain locations by a majority
of the States. A considerable number of
States use reinforcement in all concrete
pavement. Only a very few never use it.

Recently two experimental pavements
have been built, one in New Jersey and
one in Illinoig, in which longitudinal
steel was used continuously over lengihs
of 1 mile in the New Jersey pavement
and 3,500 feet in the Illinoig pavement,
Different gections contain  different
amounts of longitudinal steel within the
range 0.3 to 1.0 percent, The purpose is
to learn whether or not it is practicable to
build continuously reinforced concrete
pavements without transverse joints.
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Part 4

CONSTRUCTION AND MAINTENANCE

HIGHWAY CONSTRUCTION

When detailed plans and specifications
for a. highway project are completed,
funds asgigned for construction, and nee-
espary steps taken toward acquirement
of rights-of-way, the project is ready for
the attention of the construction division
of the highway department.

The ‘ Coniract System

About 95 percent of construction under
State highway department supervision is
done under the contract system; that is,
the work is given to the firm in the con-
struction buginess that offers to do it at
Towest cost., Only about 5 percent is
done by forces organized and equipped by
the highway department.

The first step by the construction divi- |

sion is issuance of a call for bids, - No-
tice to contractors ig given in appropriate
publications two weeks or more in ad-
vance of the date set for considering bids.

Preparation of bids

Prospective bidders . are furnished
plans, specifications, and bidding sheets
prepared by the highway department.
These documents are specific and a pros-
pective bidder must exercise his best
judgment in estimating what the cost of
supplying matferials and performing the
congtruction items will be, The engi-
neers are willing to supply all available
information., The contractor knows that
there can be no departure from the pro-
visions prescribed in the contract docu-
ment and that the primary advantages
onhe bidder has over another are individ-

unal ingenuity and more effective manage-
ment,

On Federal-aid work the bidding must
be open to contractors from all parts of
the country and there must be no dis-
crimination againgt the products of other
States in  procurement of materialg.
I'his policy is followed quite genecrally on
all classes of highway work.

Quailificalions of confraciors

It is now the general practice to re-
guire that a confractor establish that he
has the experience and resources to
undertake a given project before his bid
can be considered. A prospective bidder
must submit a detailed statement of his
financial resources, amount of equip-
ment, and cxperience in econstroction
work. Sometimes thig information ae-
companies a bid, but more often it is sub-
mitted to the highway department an-
nually. The highway department evalu-
ates these statements and determineg the
type and maximum value of the work
that the contractor should undertake.
Generally he will not be congidered for
an award in higher amount.

Sealed bids are submitted to the high-
way department accompanied by guaran-
tees to insure acceptance of the contract
if award is offered. At a prescribed time
the bids, indicating the contractor’s price
for each item of the contract, are opened
publicly and read. The tofal bid of each
contractor is then computed and award
is usually miade to the lowest bidder.
Before a contract is made he is required
to furnish a bond from a reliable surety,
guaranteeing proper performance of the
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work and the payment of obligations in-
curred on the work.

Time limits established

After execution of the contract, the
contractor is ordered to begin work upon
a specific date and he must complete all
operations within the time specified in
the contract. Failure to complete the
work within the time limit will subject
the contractor to assessment of damages
if there are no extenuating ecircum-
stances.

Contractors are usually paid monthly
for 90 percent of the work accomplished.
Ten percent is retained to insure com-
pletion of the joh, Upon satisfactory
completion, the contractor is paid in full.

As the date for beginning work ap-
proaches the highway department assigns
a project engineer to the job, with assist-
ants and inspectors as may be needed.
1t will be the duty of this force to see
that the work is performed in accordance
with the plans and specifications,

Within the limits stipulated in the con-
tract and specifications the contractor
iy at Iiberty to assemble his crews, pur-
chase materials and supplies, assemble
equipment, arrange for mnecessary fi-
nances, plan the work, and proceed with
operations according to the dictates of
hig judgment,

New methods encouraged

New methods of performance are en-
couraged. Specifieations are usually suf-
ficiently flexible to permit the use of new
types of equipment that will result in

~more economical performunce. It has
often happened that development of new
and improved types of equipment has
caused a lowering of costs in spite of
more rigid design requirements and im-
proved specifications to meet the increas-
ing traffic requirements. ‘

Up to this point discussion hag related
to steps taken by the State in selecting
a contractor and in controlling his work.
Attention is now directed to problems of
the contractor, These are just as im-
portant to the engineer ag any other phase
of the work, since efficient performance
at low cost produces work of good quality
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and will result in lower prices on future
work,

Job Management

Most suecessful contractors prepare a
tentative plan of operation in conjunc-
tion with their bid computations. On
large and complicated projects this pro-
cedure is quite desirable and the proposed
plan of operation iy sometimes required
to he submitted with a bid. If not made
previously a plan of operation should be
prepared immediately upon award of a
contract. This plan is, in effect, a job
schedule, to be used as a guide in order-
ing materials, supplies, and eguipment,
and in meeting labor reguirements.

The -best computations and plans can

* go for. naught if project supervision is

inadequate to carry them out. In recent
years it has become the practice of many
contractors to employ experienced snuper-
visory personnel on an annual basis, The
practice entails salary payments during
winter shut-down and between jobs but. it
is believed to be profitable. Some con-
tractors employ equipment operators and
mechanieg for their full time., Such men
are kept busy repairing and overhauling
equipment as necessary.

A projeet supervisor should delegate
authority to trained assistants, maintain
the proper flow of materials and supplies
to the job, establish eflicient operation of
equipment, and keep progress on each
part of the work in harmony with the
over-all job schedule. An additional reg-

uisite, one that has become quite impor-

tant in recent years, is ability to impro-
vise moethods when unforeseen conditions
arise, .

Supervigory pex‘snhnel must be able to
understand plang, interpret the intent of
gpecifications, and look upon attainment
of the final result from the engineer’s
point of view, as well ag that of the con-
tractor.

Equipmeni
There are many different models and

makes of most types of highway con-
struction equipment. HKach machine is
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designed for specific limited uses, When
a selection as to size and type has been
made, the choice as to make is often a
matter of personal preference, Most
manufacturers will” offer a wvariety of
models, each suited to particular condi-
tions.

Selection of power unit

The choice of type of power in a ma-
chine is important for several reasons.
A matter to be considered is the avail-
ability and cost at the job site of the fuel
used. Hach type of power unit has par-
ticular advantages and disadvantages.
Most large manufacturers of earth-mov-
ing equipment furnish their more popular
models with a choice ag to gasoline or
diesel power units. During the past-10
years dicsel power has become more and
more popular. This has been due, no
doubt, to the steady advance in the design
and efliciency of the engine as well as to
its lower fuel cost.

Standardization

It is good practice, when selecting
equipment, to standardize on one make
and type of power, to the extent pos-
sible. With some planning, it may be
possible to obtain tractors, patrol grad-
ers, power shovels, rock crushers, and

‘road rollers, with the same make, type,

and model of power unit. With identical
power units, the problem of repair parts
and mechanical servicing is simplified.
Standardization is a major consideration
when equipment is to be used at a great
distance from the source of spare parts
and service facilities, '

Relation fo the job

After a choice of type and make has
been made, it is necessary to determine
the size most suited to the job contem-
plated. This choice is quite important
from many angles. Eguipment for grad-
ing can be too ‘large for a specific job,
as well as too small. Consideration must
be given to the plans for the proposed
work, mainly  from the standpoint of
roadway width. Equipment should be
seléctéd that is adapted to working
within the width of the roadway. The

topography of  the country, as well as
character of the material to be excavated,
should also be considered. It is seldom
desirable to use large equipment on work
where it cannot operate efficiently. - It is
equally important not to place small
equipment on work where great strain
and overloading will cause excessive
wear, which in turn will involve high
operating and repair costs,

Quite often there is a tendency, espe-
eially in the use of large cguipment, to
over-rate ifs performance. For instance,
it may appear to save time and eXpense
by not drilling and blasting a material
that can be moved without this added
work. In many cases, however, actual
costs may be reduced by blasting, us ex-
cessive wenur and tear, break-downs, and
slow progress are avoided. Rock excava-
tion generally reguires equipment differ-
ing from that used i earth exeavation.
Equipment should be used that is best
adapted to the length of haul that pre-
dominates on the job, Final costs are
affected materially by the proper choice
and use of equipment,

The performance of the operator of a
machine is a large factor in obtaining
economical use,. When possible, skilled
operators should be employed. When
this is not practical a thorough schooling
in the operation and care of equipment
should be given the men employed. For
this purpose one or two experienced
operator-instructors should be employed.
KExpensive machines should never be
placed in the hands of men ignorant of
their care and use. ’

Eguipment mainfenance

Care in the repair and maintenance of
equipinent is directly reflected in final
costs and work accomplished. All manu-
facturers furnish operating and mainte-
nance manuals containing specifications
for each machine,. These instructions
are the result of a great deal of study and
operating research. They are prepared
with the intent to indicate how maximum
performance may be obtained. Short-
cuts or deviations from the recommenda-
tions are usually poor practice. If a dif-
ficult problem in maintenance or repair.
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presents itself, it is good practice to ask
for advice or instructions from the
authorized dealer or manufacturer. Use
of equipment after one or more parts
become worn or defective is poor econ-
omy. Each working part has a definite
function in the efficient operation of the
whole unit, The failure of one part,
while it may not completely disable the
machine, throws undue strain and wear
on the other parts. Continued operation
may result in a serious break-down with
added expense for repairs. ‘ ,
Clean fuel is necessary in the operation
of all equipment, especially where diesel
power is-used. TForeign matter in the
tuel will clog the injection system, caus-
ing expengive delay in operation, as well
as repairs. It is good practice to strain
all fuel as it is poured into the fuel
tank on the equipment. Thig is espe-
cially recommended when fuel is supplied
from iron or steel drumg. Lubricating
oil and greases used should be those
recommended by the manufacturer.
Different types and grades of grease are
often used on one piece of equipment and
it is important that the servicing be
done properly. Frequency of lubrica-
tion is governed somewhat by the con-
ditions on the job. Extremely dry or
wet material, abrasive material, and rock
excavation, all have damaging effects on
equipment. Proper lubrication can keep
wear to a minimum. Tires should be
kept inflated at the recommended pres-
sure to obtain maximum life. All equip-
ment should be protected from the
weather when not in use on a job.

Storage

Under adverse conditions, machinery
will deteriorate as quickly in storage as
in service, Egquipment should never be
. stored for any length of time without
protection against sun, rain, salt air,
and dust. The eguipment should be
thoroughly cleaned, well greased, and
painted, if possible. When painting is
impracticable, it is good practice to cover
all exposed surfaces with a film of oil
or grease. Numerous preservative coat-
ings were developed during the war and
it is probable that they will soon be
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available - commercially. The power
plant in stored equipment should receive
prestorage care if permanent damage is
te be avoided. Additives are available
for mixing with lubricating oils to pre-
vent the pistons from sticking., Radiators
should be flushed and drained, and bat-
teries removed and stored. All rubber-

tired equipment should be placed on

Tlocks so as to take the weight off the

“fires, When power equipment ig {o be

stored for a short period, and the ex-
pense of claborate prestorage care is not
justified, it is good practice to run all
engines at idling speed for a period of
at least one-half hour, every week or two.

Construction Operafions

Certain observations may he made that
have application on nearly all highway
construction jobs. On most work one
machine, generally the one that costs the
most to buy and operate, controls the
rate at which work may be done. In
grading with a power shovel, trucks can
haul away only what the shovel digs.
Work of the shovel can be obstructed but
no amount of excess capacity elsewhere
can increase its production beyond an
amount fixed by its size and characteris-
tics. At bituminous and conecrete mix-
ing plants the mixer ig the key machine,

At a quarry the rock crusher will control

the daily output.

The key machine

The job manager should pattern his or-

- ganization to get the maximum output

from the key machine, If it breaks
down, all production stops, but costs will
continue to accumulate. Spare parts
should be immediately available. If the
job is remote from where parts can be
obtained, those parts most likely to be
needed should be taken along.

If the key machine stops producing
hecause the fow of materials to it is
inadequat® or because the output cannot
be handled, there is generally a loss far
greater than the cost of correcting the
deficiency. The key machine ghould be
fully served at all times.
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Havling

Hauling with trucks is an important
operation on a large portion of highway
jobs. The distances through which ma-
terials must be hauled. vary as the job
progresses, and this eomplicates the
problem of determining the number of
hauling units to be supplied. A number
sufficient to keep the job going at full effi-
ciency on hauls well beyond the average
banl distance should be supplied, with
some reserve for use in case of break-
downg., ¥or hauls much in excess of the
average for the job, careful estimates
should be made to determine whether it
is best to supply hauling units that will
be needed only a part of the time or ac-
cept the loss resulting from idle time of
the key machine. The value of the addi-
tional trucks as replacements for those
that may break down ghould not be over-
looked. ' ' ‘

The character of surface over which
hauling is te be done, the manner in
which it will be maintained, and steep-
‘ness of grades are important. considera-
tions. Where rough, poorly maintained
surfaces reduce speed to 8 or 10 miles
per hour the number of units required
will be increased.

Practice has not been standardized as
to size of truck. Personal preference
usually governs the decision. However,
on the longer hauls the larger units offer
an economic advantage.

Grading and Drainage

Study to determine the equipment most
suited for a given grading job begins
with the examination of the plans, which
show gquantities to be moved, length of
haul, and a typical cross section. This is
followed by a field ingpection. BEngineers
are conm’uted as to character of the soil
and rock formations. These steps are
taken by a contractor before bidding on
a job. HKrom the facts developed he de-
termines if it is wise to undertake the
work with equipment already owned or
with some new .equipment. In a foreign
country where work is done under an-
other system, the problem would be un-
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changed.  Under any system the speed
and cost of work done will he affected by
the judgment used in selecting equipment.

Production-line grading

Management should plan grading oper-
ations to resemble a production line as
clogely as possible. At the head of this
line will be found the clearing and grub-
bing crew. Their function is to clear all
growth from the projected roadway. The
gize of this crew, and the equipment usecd
by it, are governed by the topography and
growth. Where heavy growth and large
trees are present, large tractor-bulldozers
are needed. Specifications usually pro-
vide that all debris must be burned.

Wollowing behind the clearing crew
comes the pilot grading crew, or pioneer-
ing crew as it ig sometimes called. Their
work consists of opening a tractor road
within the cleared area so that equip-
ment may be placed at different working
points. Often, a culvert crew will follow
clogely behingd, installing those culveris
that ean be placed ahead of grading work.
If rock is to bhe excavated by hlasting, a
drilling and blasting crew comes next.
This crew will do all such work ahead of
earth grading, except where rock excava-
tion is of such magnitude that the drill-
ing and blasting must be carried on simul-
taneously with carth excavation,

On large projecty, numerous grading
crews will work simultaneously at vari-
ous points. Guided by the project plans,
haul limits are established and the exca-
vated material is placed to build up the
embankments, or wasted as may be re-
quired.

Culverts

Culverts may be installed in conjunec-
tion with excavation and embankment
placement, as well as ahead of such work,
Topography and character of design gov-
ern this operation to considerable extent.

Following elosely behind excavating
machines, comes the finishing and clean-
up crew.. By band work and with ma-
chings, this crew brings the roadway to
the 'sh_ape and grade required by the
plaps, smooths “the slopes, shapes the
ditches, and removes all debris. The
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Typical mechonized grading jobs. Above: Tractor-drawn scrapers operafe in the foreground while a power shovel loads tucks in the reor.
Below: A tractor-iowed elevating grader fills wheeled iracior-wagons.  In the foreground, o rooter {left} and a motor patrol grader (right}
aid in the work, ’ :
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motor-patrol grader is the most widely
used machine on such work and an ex-
perienced operator can accomplish with
it most of the work formerly done by
hand labor. Becauge of wide variations
in‘character of grading jobs and in equip-
ment it is not possible to give all of the
possible combinations of equipment that
may be uscd. However, the following
suggestions may be helpful.

Rock excavation

Drilling and blasting equipment with
accessory tools for sharpening drill steel
and maintaining portable air compres-
sors are needed for rock exeavation, Air
compressors should be capable  of pro-
dueing 100 cubic feet of air per minute
for each driil. . About one pound of
blasting powder will be needed for each
cubic yard of rock excavation. Power
shovels are preferred for loading
blasted rock. Those having a dipper
capacity of 1% to 2% cubic yards
are best suited for rock work, Hauling
vnits ghould be selected - according to
length of haul. Large crawler wagons
pulled by crawler tractors are suitable
for hauls of moderate length in rough
terrain. Rubber-tired tractors towing
rubber-tired wagons are best on long
hauls. Dump frucks of the larger sizes
may be used, especially when the haul
distance ig exceptionally long. TUse of
small dump trucks with a large sbovel is
not good practice. A shovel will exca-
vate between 50 and 100 cubic yards per
hour, per cubic yard of capacity, and suffi-
cient hauling equipment should be avail-
able to keep it in continuous operation.

Earthwork

Topography and length of haul are
important considerations in earthwork.
On heavy work with short haul and
steep grades, self-loading scrapers towed
by crawler tractors are desirable. Bull-
dozers or pusher tractors or both are
necessary to open cuts and assist in
scraper loading. A good balance is
maintained with one dozer for every
two tractor-scraper units or one dozer
and oune pusher for every thrée tractor-
scraper units. Self-loading scrapers
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towed by two- or four-wheeled rubber-
tired tractors should be used on the
longer hauls., Pusher tractors are rec-
ommended te assist in loading these
units, Scarifiers should be used to loosen
the material whenever it is too hard and
tough to be readily loaded by pulling
and pushing tractors, Rlevating grad-
ers and rubber-tired. tractor-wagon haul-
ing units are quite often used in fiat
terrain where large quantities of easily
worked soil must be hauled some dis-
tance,

Compaction of fills

In the early years of highway construc-
tion, soil was placed in fills without com-
paction other than that resulting from
movement of hauling equipment, Settle-
ment often took place over a period of .
years, delaying surfacing with rigid pave-
ments and causing serious trouble with
all types of surfacing, Itis now the prac-
tice to spread the goil in layers and
thoroughly eompact if,

Ag soil is dumped at the fill by the
hauling units it is gpread in an even layer
by bulldozers or graders. .

The maximum thickness of the layer
that may be compacted in one operation
is usually set by the specifications, and
on most work is 6 inches of compacted
depth. Some soils will not compact uni-
formly to this depth under certain types
of rollers and thinner layers must be
used. The thickness for each soil must
be determined by trial and error since
no laboratory test has been devised to
give this information. Several small
areas of soil layers of different thickness
should be brought to optimum moisture
content and rolled to determine the great-
est thickness that can be compacted to
desired density and the number of roller
trips required to produce that density.

Types of rollers

The type of roller used to compact em-
bankment is not important if the re-
quired density is obtained and satisfac-
tory congtruction progress is maintained,
Sheepsfoot or tamping rollers, smooth-
faced rollers, and rubber-tired rollers
have been used with success.
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The sheepsfoot or tamping roller is
used extensively. Thesge rollers vary in
design from small single-drum rollers
to thie large douhle-drum type used on
large dams, and the compaction pres-
sures range from 90 to 675 pounds per
square inch. One of the chief advan-
tages of this type of roller ig that the
unit Toad on the feet may be increased
or decreased by variations in the ballast
in the drum. )

Tamping rollers should be of the twin
cylinder type with a frame and tongue
that can be attached to a tractor in such
a manner that the enfire device may be
either pulled or pushed in operation. The
frames for the two rollers should be piv-
oted s0 as to permit the rollers to adapt
themselves to uneven ground surface and
to rotate independently of one another,
Cleaning teeth should be attached to the
frame at the rear to prevent accumula-
tion of goil between the tamping feet.
The tamping feet should be placed in
staggered rows,

Compaction by hauling units

Embankments and subgrades may be
compacted to satisfactory densities by
the passage of modern hauling equipment
over soil layers during the process of
construction. However, distribution of
equipment over the area to be compacted
is difficult to control. Uneven distribu-
tion may result in a lack of uniformity
in the density and moisture content of
the soil in the finished embankment.

Sub-Bases

In general a sub-base consisty of a
layer of rocky or sandy material placed
upon the roadbed to a required depth as
support for surfacing. This work is
sometimes done along with the grading
work and sometimes ag a part of surfac-
ing operations. When suitable material
will be excavated in grading, the work is
included in grading operations. Where
a layer of crushed stone or gravel from
an outside source is to be placed it is
usually done as 4 part of surfacing.

Placement of sand or gravel sub-base
to support concrete pavements is com-
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monly made a part of the paving work.
Placement Is usually made just prior to
pouring of the concrete and the material
is usually from the same source as the
concrete aggregates,

Equipment

Most of the equipment required in con-
gtructing a sub-base will be available in
connection with grading or surfacing
work. A shovel and hauling units used’
for grading may be used to load and de-
liver sclected material., If gravel sur-
facing is to be placed, the gravel produc-
ing unit and hauling equipment may be
used on the sub-base work. Special
eguipment has been developed for mixing
the stabilizing agent with the aggregate.
This equipment is quite efficient and
should play a major role in a more wide-
spread use of this type of construection.

Gravel and Crushed-Sfone Surfaces

A gravel or crushed-stone surface may
consist of a base course, usually of
rather open texture, and a surface course
graded to give a dense mixture, For
this, as well as for other types of surfac-
ing, the plans and specifications will indi-
cate the type and gradation of materials
to be used in the different courses, as well
us their depth.

Sources of materials

Aggregates for surfacing are sometimes
produced by the contractor from natural
deposits within a reasonable haul dis-
tance of the job and are somefimes pur-
chased from commercial plants engaged
in the production of aggregates for gen-
eral use. Consideration of the quality of
materialy from the different sources and
cost delivered on the road govern the
choice. The contractor is often infiu-
cnced by whether or not he owns equip-
ment suitable for aggregate production,
Absence of suitable local materials may
leave no choice other than purchase from
a commercial plant, shipment by rail, and
delivery on the job by truck.

When materials are produced locally
it may be necessary to crush and screen
river or bank gravel, or it may be neces-
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A typical semiporfable crushing and screening plani.

sary to drill, blast, and crush ledge rock.
Developinent of portable and semiport-
able crushing and screening plants has
caused a steady increase in roadside pro-
duction of materials where deposits of
gravel or ledge rock are close at hand.

Synchronized operations

When aggregate is produced locally the
surfacing operation is patterned to syn-
chronize with the most efficient output
of the crushing and screening unit. In
some gravel deposits only screening is
required.  In others the entire product
of the crusher may be used without
scereening. - Synchronization of operation
ig of wvital importance, as the cost of
operating a plant remains about the same
whether it is producing at full capacity or
at a lower rate. Deficiency in hauling
or placing equipment or in supplying ma-
terial to the erusher, lowers the rate of
production at all places on the job and
increases costs.

When material is produced at a plant
near the job, it is the responsibility of
the engineer, or one of his assistants, to
make gradation tests on the materials as
they come from the plant. Close coopera-
tion between the engineer and the plant
supervisor is of vital importance in grad-

ation conirol. Adjustment of the crusher
or screens, as indicated by the {tests,
should be made whenever needed.

The manner of placing surfacing mate-
rial on the roadbed will vary with the
type of construction., The specifications
will state the limiting conditions as to
types and sizes of equipment to be used,
and limits governing processing, mixing,
and rolling for compaction. Such condi-
tions must be considered when assem-

‘bling equipment for construetion.

Placement

Whatever the source of surfacing ma-
terial, a fixed rate of delivery to the job
is desirable. Methods of placing aggre-
gate will usually be prescribed in the
specifications. The bituminous paving
machine is frequently wused to spread
large aggregate in water-bonnd macadam
construction, Spreader boxes, easily at-
tached to the rear of dump truck bodies
and giving quite accurate control of width
and depth of spread, are in geheral use.
Where mixing of dry aggregates on the
roadway is necessary, the motor-patrol
grader can accomplish thig operation by
moving the material back and forth
across the roadbed. Traveling aggre-
gate-mixing machines are also available
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for mixing on the road. Tinal spread-
ing and finishing i¥ done with the motor-
patrol grader. Power rollers, of various
weights, are used for final compaction.
Vibrating-tamping machines, to replace
the rolling, are being developed and may
goon be in general use.

Surface Stabilization With Salis

Granular road surfaces such ag sand-
clay, gravel, and crusher-run materials
frequently become loose and dusty under
traffic. This may happen when a base is
placed and left for a period of months
before adding a bituminous surface or
when the volume of traffic does not jus-
tity bituminous surfacing.

Under such conditions the character of
the surface may be temporarily improved
by the addition of calcium chloride or
sodium chloride. If surfacing material
is mixed on -the roadway the salt is
evenly distributed by a mechanical
spreader during (he wmixing process.
Calcinm chloride is applied at the rate
of one-half pound per square yard per
inch of compacted thickness, and sodium
chloride at double that rate. Layers
should not exceed 3 to 4 inches in proc-
essing. Thorough mixing should follow
the application.

When crushed aggregate or gravel is
used for surfacing and road mixing is
not required the salt may be applied to
the surface after the final spreading.
Application should be in the morning
during relatively high humidity or fol-
lowing a rain while the road surface is
still drying out. )

Densities for consclidated surfaces
containing the chemieuals are high, and
dry weigbts are often as much ag 150
pounds per cubic foot.

Soil-Cement Surfaces

Soil-cement surfaces may be construct-
ed where the natural surface soil ig of
a suitable character, as shown by labora-
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tory tests, or may be made so by addi-
tion of granular material,

If the natural material is suitable it
should be scarified to a depth of 6 inches
and - pulverized by harrowing, If sand
is to. be added, its thickness and the
depth to which the surface should be

"gearified will be indicated by tests.

Spreading the cement

In any event, a completely pulverized
and uniform mixture of the correct thick-
ness should be produced. Cement is
then .distributed over the surface. On
miany projects sacks of cement have been
placed, with  appropriate = spacing,
dumped on the surface, and spread with
hand tools. This method does not give
uniform distribution, Mechanical
gpreaders are coming into use thut give
much superior results. The amount of
cement used will vary from 6 to 14 per-
cent by volume,

After distribution of the cement, it is
thoroughly mixed with the soil by disk
harrows. In some caseg, a traveling mix-
ing plant ig used.

Moisture control

Tests are made to determine the
amount of moisture in the soil as an in-
dication of the amount to he added to
obtain the optimum for compaction.
i'bis amount will be sufficicnt to hydrate
the cement.. When it is necessary to add
water, a pressure distributor is used and
the mixing is continued to make the
water content uniform,

A sheepsfoot roller is used for the in-
itial compaction. The surface is then
given a final blading and smoothed out
with a tandem roller,

The surface should be kept free from
traffic until the cement has sufficiently
set.  During this period, the surtace
should be covered with straw, wet burlap,
or other satistactory material, to prevent
too rapid evaporation.

Soil-cement surfaces are smooth but
lack wear resistance and it is now com-
mon practice to apply some form of bi-
tuminous treatment.
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Bituminous Surfaces

The types of bituminous construction
most generally used are of five general
clasges: (1) Surface treatment, (2) pene-
tration macadam, (3) road mix or mixed-
in-place, (4) traveling plant mix, and
(5) stationary plant mix. Freguently,
a pavement in which one type is used
will also involve the use of another type.
A road mix of open-graded aggregate will
require a suorface treatment or a seal
coat. The geal .coat may he a surface
treatment or mixed-in-place or plant-
mixed material.

The particular type used for a given
set of conditions is influenced primarily
by the thickness of the surface course
required, the materials and equipment
available, the extent of control neces-
sary, and relative costs.

General types of construction com-
monly used may be preceded or followed
by other treatments as an integral part
of the construction or as supplemental
freatments designed to provide specific
characterigtics. Among such treatments
are primes, tack coats, and seal coats.

Relation of thickness to selection of construction
method

The thickness of bituminous surfacing
required and the equipment available will
have the greatest infiuence on the method
of construction to be nsed, whereas the
classes of materials available will have
the most influence upon the gelection of
the type to be used.

The surface treatment method is the
simplest and most economical method of
construeting a bituminous surface course
not greater than 1 inch in thickness,
Courses greater than 1 inch in thickness
are usually coustructed by some form of
mixing method or by penetration. Road-
mixed mats can be mixed, spread, and
compacted in depths greater than 1 inch
and with aggregate up to 1 inch in maxi-
mum size.. They are usually constructed
to depths not in excess of 214 or 3 inches.
Loosely bonded surface materials such
as sand, however, are frequently mixed
in place to depths as much as € inches,
Bituminous concrete ean be consolidated

in layers up to 3 inches for coarse mix-
tureg and up to 2 inches for finer mix-
tures. Tenetration macadams are usually
built not less than 2% inches thick since
the maximum sizes of stone required for
zood interlocking will normally be
greater than is ordinarily permitted in
mixing methods. Moveover, the pene-
tration course must be of adequate thick-
nesg and the void spaces must be suf-
ficiently great to permit entrance of the
hituminecus material to waterproof the
structure and  assist in holding the ag-
gregate particles together.

Schedule of operations

In all bituminous work, operations
must be scheduled with considerable care,
and this is particularly true when hot
materials are prepared. There are rigid
requirements as to the time in which dif-
ferent operationy must be performed.
The entire job. must be manned and
equipped to meet these requirements
without strain.

Preparation of the roadbed is the first
step in surfacing. Considerable care is
justified on such work as smoothness of
the finished pavement depends in large
measure upon an even-and smooth road-
bed. Men skilled in the operation of
patrol graders are indispensable in pro-
ducing desired results.

Bituminous Surface Treafment

Surface treatment is used to form a
relatively inexpensive wearing course for
any type of stable base. A variety of
materials, as well as construction pro-
cedures, arce used.

Disregarding minor refinements, the
general practice in the construction of
surlace treatments is, first, to prime the
base with a liguid bituminous material
of low viscosity and, after this has pene-
trated and dried, to make an application
of heavier bituminous material.: This is
covered immediately with clean, coarse,
one-size aggregate, which iz rolled. In
some instanceg this may complete the
construction, but usually a second coat
of bituminous material is applied and
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Bituminous maferial has been applied and ig
being covered with stone chips, using o box
spreader.

covered with or mixed with a small
amount of finer aggregate. A seal coat
of bitumen and fine aggregate may be
applied shortly afterwards or it may be
delayed until the approach of the winter
seqason,

Character of finish

The resulting treatment will have
about the same thickness in inches ag
the maximum dimension of the coarse
aggregate, The character of the finish
will depend upon whether a single appli-
cation of coarse aggregate is used or
whether a second application of fine ag-
gregate is made to fill some of the sur-
face voids. The coarse aggregate seldom
is manipulated or mixed with the bitumi-
nous binder. Subsequent treatments and
seals may be applied with or without mix-
ing.  When the fine surface-aggregate
and bitumen are mixed, the finished sur-
face will be black. When they are not
mixed, the resultant color is that of the
aggregate used in the final application.

The foregoing description applies to
what are commonly referred to as
“single” and “double” surface treatments,
depending upon whether one or two ap-
plications of aggregate are used. Ob-
viously a number of applications of bitu-
men followed by aggregate of ‘uitable
size can be made when it iz desired to
construct a surface of greater thickness

than that resulting from a single or

double treatment.
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Bituminous Penefration Macadam

Bituminous macadam bases and sur-
faces are constructed by spreading and
compacting a layer of aggregate und then

' applying bituminous material, and add-

ing additional layers until the desired
thickness of base or surface has been
obtained. Tnis will usually be not less
than 3 and may be as much as 6 inches.

In this type of construction the re-
quired stability is obtained by the inter-
locking of the aggregate, while the bitu-
minous material serves primarily as a
waterproofing agent. Stability is ae-
quired by proper selection of the aggre-
gate and by compacting it until no fur-
ther movement occurs. The aggregates
for each layer are usually one-size ma-
terials, the coarsest of which is placed
first. Its size will depend upon the thick-
ness of the course desired. When this
material has been compacted thoroughly
and the bituminous material hag been
applied, smaller size aggregate is then
keyed into the surface voids of the larger
material by rolling, Thorough rolling is
recommended to insure againgt fuature
movement that would destroy surface
smoothness.

Since the stability is primarily depend-
ent upon the interlocking of aggregate,
crushed stone and slag are most generally
specified for this type of construction,

Mixed-in-Place Bituminous Bases
and Surfaces

The road-mix or mixed-in-place method
of constructing bituminous bases and
surfaces can be employed advantageously
(1) when the aggregate to be used is
that already in place, (2) when the exist-
ing aggregate is to be supplemented by
the addition of selected aggregate to
provide the grading required or to pro-
duce a base or surface of the thickness

-~ desired, and (3) when the existing ag-

gregate is to serve as a base or founda-
tion course and all of the aggregate to
be used in the mixture is to be brought
in.




Adapted to sandy soils

The road-mix method is well adapted
to surfacing where the natural seil is
predominantly sandy. Generally the
*soils are loosely bonded sands and are
not sufficiently well graded to provide
good  stability. "Their load-carrying
ability when the particles are bound to-
gether by some agent is definitely demon-
strated by their good behavior in moist
or wet weather, Thig binding can be
made relatively permanent either by the
addition of a suitable bituminous binder
or by first improving the grading with se-
lected mineral aggregate and then add-
ing the bituminous material. Bitumi-
nous treatment of sand in place may be
employed for the purpose of providing
a foundation upon which to lay a wear-
ing surface, or it may be made to scrve
as the wearing surface with the untreat-
ed material below it acting as the foun-
dation or base.

Preparation of aggregate

The firgt operation in the road-mix
method of construction is to prepare the
aggregate, If the material in place is to
be used alone, the surface may be scari-
fied to the depth required for the finished
thickness, Disks, spring-tooth harrows,
‘blades, and similar devices are then used
to reduce the scarified material to a uni-
formly loose condition. If new material
is to be added, it is dry-mixed with this
loose aggregate until the combined ma-
terial is. uniform in grading. When all
of the material is to be brought in, the
existing surface is not disturbed except
for necessary reshaping.

When the aggregate has been properly
prepared, it is spread out to a level
course and the bituminous material is
then applied in one or more increments
by pressure distributors. After each ap-
plication of bituminous material the ag-
gregate and bitumen are turned with
disk harrows and, after the total amount
of bituminous material has been applied
and the disking has been done, the ma-
terials are mixed by repeated turnings,
with disk and spring-tooth harrows,
pulled and self-propelled blade machines,

Pairol  graders mixing bituminous material

with aggregate. A windrow of portly mixed
material in the center of the road is being
bladed back and forth.

or hy some type of portable mixer that
completes the mixing operation by pass-
ing over the materials. When the mix-
ing. operation has been completed, the
mixture is spread and compacted,

Continuous operation

Bases, surfaces, and in some instances
combined bases and surfaces can be
constructed as a continuous operation,
Ifor example, if the existing soil ap-
pears satisfactory as aggregate for base
and surface, it can be mixed with
bitumen to a depth equivalent to the
total thickness of the base and surface
courses, Since the bitumen content of
the base course will normally be lesg
than that of the surface portion, the en-
tire depth can be mixed with the bitu-
men required for the base portion,
‘When this has been done and the mixture
has been gpread and compacted, the up-
per portion of the mixture can bhe loos-
ened to a depth equivalent to the desired
thickness of surface course and addition-
al bitumen applied to raise the percent-
age to that mecessary for the surface
course, )

Another method of constructing the
surface course integrally with the base
is to enrich the upper portion by apply-
ing a small amount of rapid-curing ma-
terial that will penetrate into the mix-
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ture and form a relatively thin surface
course which is aectoally a part of the
base but is sufficiently rich to resist abra-
gion. It may be desirable to place a sur-
face course composed of bitumen  and
graded stone, slag, or gravel on the
mixed base. In this case the surface
may be constructed by the surface-treat-
- ment method except that no prime is re-
quired and a high-viscogity bituminous
material should he uvsed to prevent its
penetration into the bituminous hase.
The procedure for mixing in place just
given is equally applicable when the ag-
‘gregate is brought in. In such instances,
however, there is a tendency towards
the use of the plant-mix methods be-
cause of the posgibility of greater uni-
formity and control. I'ractically any
gradation and type of nonplastic mate-
rial can he used as aggregate provided
the purpose it is to serve is kept in mind.

Types of bitumen

Regardless of the type of aggregate
used, the bituminous materials suitable
for this type of construction are neces-
sarily liquids that will remain fluid at
air temperature sufficiently long to per-
mit completion of the construction oper-
ations. Asphalts, tars, and slow-break-
ing emulsions may he used.

The percentage composition of mixed-
in-place bages and surfaces varies so
widely in actual practice as to render
meaningless a statement of satisfactory
limits. However, regardless of whether
the aggregate used is that already in
place or is to be brought in, the bitumen
content should be based upon its grada-
tion, the consistency and type of bitimen
used, and whether the mixture is to serve
as 4 base or as a wearing course.

Compaction

The compaction of mixed-in-place ma-
terial varies considerably, but some type
of compaction is usually required. Pre-
liminary compacting is scmetimes done
as a construction operation and traffic is
depended upon to develop the final com-
paction.

A variety of types of compacting cquip-
ment is used. Self-propelied two-wheel
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or tandem type rollers as well as the
three-wheel type are used for compacting
the same type of mixtures and it is fre-
quently required that both types be used
on the same project. Rollers of these
types are satisfaclory for compacting
courses not over 3 inches thick, Where
depths greater than about 3 inches are
to be compacted in a single operation,
some type of pulled roller is generally
used. Amcoeng these are smooth-faced
rollers, pncumatic-tired multiple-wheel
rollers, and sheepsfoct rollers. A de-
seription of the various rollers is given
in the discussion of equipment.

Volotile materials

Special consideration should be given
to the compaction of mixtures in which
the bituminous material is a liquid that
contains volatile materials, such as cut-
back liquid asphaltic materials, tars, and
asphaltic emulsions. The volatile por-
tion of such materiuls serves no useful
purpose after the mixture is prepared and
placed. It must be removed if the bitu-
minous material iy to develop the natural
cementing properties of which it is ea-
pable and the mixture stability expected.
Dissipation of the volatile material after
the mixture has been compacted is a very
slow process and consequently it should
be eliminated as far as possible before
compaction begins. This can be accorn-
plished by continued manipulation if
blades, drags, and similar equipment are
used. When the traveling-plant method
of mixing is used, the bituminous mate-
rial need not contain as much volatile
material for the mixing operation. Re-
gardless of the method of mixing, the
mixture should be manipulated untit it
is just sufficiently workable to permit sat-
isfactory placing. When it ig in this
condition, compaction can be begun.

The amount of compaction that can be
obtained is influenced primarily by the
grading of the aggregate but it is depend-
ent pon many other factors such as the
weights of compacting devices, workahil-
ity of the mixture, and atmospheric con-
ditions. A density close to the maximum
theoretical density should be required.
The manner in which it is to be obtained
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should be based on experience and the
judgment of the engincer,

Traveling-Planf Methods of Con-
structing Bituminous Boses ond
Surfaces

Ag an outgrowth of the mixed-in-place
method of construction, traveling mixing
planis have been devcloped. The ma-
chines were designed to replace the dis-
tributors and various mixing devices by
proportioning and mixing the bitumen
and aggregate in a gingle continuous op-
eration. They are adapted to the same
conditions as is the road-mix method and
the preliminury operations up to the ap-
plication of bitumen are the same for
both methods. However, when the trav-
eling mixer is used, the prepared aggre-
gate is windrowed instead of being
spread out. The windrowed material is
picked up, fed continuously through the
plant, mixed with the bitumen, redepos-
ited in a windrow, and then spread and
compacted as in the road-mix method.

Batching method

Several types of traveling plants are
available, All are self-propelled and
have continuous, pug-mill mixers. Pro-
portioning ig automatically done by the
bhatching method or by the continuous
process. In the batching method, the ag-
gregate is continuously fed into the bateh

hopper. When the desired weight of
material has been deposiled, the hopper
is tripped and the aggregate falls into the
end of the mixing chamber. At the same
time, the bitumen, which has been pumped
into a reservoir, is sprayed over the ag-
gregate, The twin-pug paddles pick up
the bilumen and aggregate, mix them
thoroughly, and at the same time force
the mixture toward the rear of the
chamber from which it is discharged.

Continvous proportioning

In continuous proportioning, the aggre-
gate is fed from a storage bin or hopper
through a caljbrated gate to a traveling
conveyor that carries it to the mixing
chamber. The bitumen is pumped con-
tinuously into the mixing echamber
through a gage set to deliver the reguired
amount. The operation of the pump is
synchronized with the aggregute conveyor
so that the composition of the mixture
is not affected by variations in the speed
of the driving mechanism.

The factors affecting the type and
quantity of bitumen, the mnecessity of
curing the mixture, and the methods of
compaction described for the road-mix
method are equally applicable to the trav-
eling-plant method.

Advantages of traveling plant

Satigfactory results can be obtained by
either method of construction but the
traveling plant has some advantages over
manipulating the materials in place: (1)

A fraveling mixing plant.
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A typical plant for preparing hot bifuminous mixtures.

More accurate control of bitumen con-
tent is possible; (2) heavier grades of
a given type of bituminous material can
be used; {3) a more uniform thickness
can be obtained; (4) deluys caused by
inclement weather will be of shorter du-
ration, and (5) the likelihood of partially
mixed material gefting wet is eliminated.

Delivery and Application of
Bituminous Materials

Equipment used in heating, transport-
ing, and storing liguid bituminous mate-
rial is quite important and must be suited
to the type of material and conditions
surrounding the job. In this country
very little packaged asphalt is used. De-
livery to the job is made in insulated
railroad tank cars and tank trucks from
refineries or storage places. Hot oil is
shipped at a specified temperature.
‘When reheating is necessary to bring the
material to the temperature required for
use, facilities must be provided. Rail-
road tank cars are fitted with steamn coils
and the material may be reheated by
circulating live steam through them.
Portable heaters are used to generate
steam and are suitable for use with tank
cars or gtorage tanks equipped with
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steam coils. At large mixing plants it
is customary to install sufficient storage
tanks to assure a supply of bituminous
material at all times.

Distributors

An asphalt distributor is required for
most types of bituminouns consgtruction.
This is a highly efficient piece of equip-
ment. Those in most common use have
a capacity between 1,000 and 1,200 gal-
lons, are truck mounted, have built-in
tank heating coils, and pressurized dis-
charge. They are equipped with a device
registering travel speed in feet per minute
that is used as a guide in obtaining the
reguired application per syuare yard.

Compauction in Bituminous
Conskruction

Specifications for practically all types
of bituminous construction include re-
quirements for the compaction of the mat
or mixture and surface rf)lling to obtain
the required density and smooth-riding
qualities,

Adequate density and surface smooth-
ness can be obtained by several means.
Compaction by traffic is used to a limited
extent on minor highways, The princi-
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pal objection to it is the uneven distri-
bution of the wheel movements,

Rollers

Self-propelled rollers have been used

for years in bituminous construction.
They are of two general types, commonly
referred to as the two-wheel or tandem
and the three-wheel or macadam rollers,
The tweo rolls of the tandem type are of
the same width but of different diam-
eters, The three-wheel type has a wide
but relatively small diameter front
wheel and two narrow rear wheels whose
diameter is usually much greater than
that of the front wheel. In principle,
rollers of these types are the same as
those in use for years but improvements
have been made which have increased
their practicability and efficiency. One
rather recent development has been the
addition of an auxiliary roller on which
practically the entire weight of the ma-
chine can be concentrated if necessary to
reduce high sgpots. In.the three-wheel
type of roller, this auxiliary roll is
mounted hetween the front and rear rolls

" in some types and behind the rear wheels

in others. In the tandem types the third
roll is usually the same size as the front

one and is attached to the front of the
frame.

Another development is the variable-
weight tandem roller. In thig type the
rolls are hollow, closed cylinders that
can be partially or completely filled with
water for added weight if desired., They
are listed according to their variations in
weight, as 4 to 8 tons, or 10 or 15 tons,
ete. Rollers of this type are more adapt-
able to various uges than are those of a
fixed weight.

Both tandem and three-wheel rollers
can be obtained in sizes ranging from
about 3 to 20 tons, gross weight.

In addition to the self-propelled rollers
just described, various types of pulled
rollers are used for compacting, Omne of
thege, the pneumatic-tired, multiple-
wheel 'roller, is an outgrowth of com-
pacting by traffic and construction equip-
ment. This roller consists of a heavy
box-like frame sapported by two sets of
truck wheels having pneumatic tires.

The particular type and weight of rol-
ler required will depend upon local con-
ditions and upon the typce of construc-
tion. The amount and method of com-
paction should be stated definitely in the
specifications.
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Bituminous mixture has been prepared at a tenfrol plant-and is being spread with o biluminous
: paver.
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Portland Cement Concrefe
Consfruction

The satisfactory performance of a con-
crete pavement depends as much upon
the comstruction methods used as upon
the materials. Most of the construction
operations, including the handling and
batching of the materials and the mix-
ing, placing, and finishing of the concrete,
have been standardized for many years
and are highly mechanized. The rate at
which the mixXer operates sets the pace
for all operations. Its capacity governs
the size and output of all parts of the
organization.

Construction equipment.

In addition to the equipment required
for handling and batching materials, the
usual construction equipment includes a
power subgrader, a mixer having u# cu-
pacity of one cubic yard or more, a
power-driven machine for spreading the
concrete, a power-driven finishing ma-
chine for smoothing off the concrete, and

a power-driven longitudinal float for tak-.

ing out transverse irregularities left by
the finishing machine,

Detailed procedures for constructing
concrete pavements in accordance with
current American practice are given in
specifications prepared by the American
Association of State Highway Officials.
These specifications are in such detail as
to require little additional explanation.
Finishing

Alternate procedures are acceptable for
many of the operations. For example,
the specifications provide three alternate
procedures for finishing the pavement
surface: (1) Finishing by hand, to be
used only in places where mechanical
finishing is impractical; (2) machine
finishing, with a standard power-driven
finishing machine; and (3) consolidation,
by means of high frequency vibration ap-
plied either to the surface of the concrete
or internally. Either standard finishing
machines with vibrators or similar ma-
chines equipped with one of the types of
vibrators specified may be used, How-
ever, the proportions and cousistency of
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the cenerete should be adjusted accord-
ing to the method of finishing used. ¥x-
perience has shown that the amount of
sand may be reduced and a somewhat
drier mix may be used in mixtures that
are to be vibrated. Internal vibration
of pavement concrete, except along longi-
tudinal and transverse joints, has not
always proved entirely satisfactory be-
cause the equipment now on the market
cannot always be depended upon to con-
solidate properly the harsher mixes in
which certain types of stone are used as
coarse aggregate.

For surface finishing, there are two al-
ternate procedures. In the first, the sur-
face is finished with a canvas Dbelt,
usually operated by hand. In the sec-
ond, the gurface is given a broomed
finish, This latter operation is so con-
ducted as to produce transverse corruga-
tiong in the surface, closely spaced and
not more than one-gixteenth inch in
depth, without unduly roughening or
tearing the surface, The broom is oper-
ated by means of a long handle and is
usually about 18 inches wide, with fibers
about 4% inches long. ’

Curing

Several alternate procedures for curing
are gpecified. These include the use of

cotton or jute mats, waterproof paper,

wetled earth, straw curing, or spraying
with impervious membrane sealing com-
pounds. - All of these methods are in use.
However, one of the most popular meth-
ods at the present time appears to be the
application of colorless membrane seal-
ing compounds. Numerous materials are
now available for this purpose and ap-
pear to give reasonably satisfactory re-
sults if means are provided for apply-
ing the compound uniformly to the
surface of the pavement. Hand sprays
were formerly used but these are rapidly
being replaced by multiple-spray devices
mounted on frames which ride upon the
forms.

Standard specifications for determin-
ing the efficiency of sealing compounds
are available, Although the use of mem-
brane compounds is very popular, curing
with cotton or jute mats is still preferred




by many engineers because the rats not  Ready-mixed concrete
only protect the concrete from drying but
also supply additional moisture for hy-
dration, - They ulso have a definite insul-
ating effect against sndden changes in  uixed comerete is meant (1) concrete
temperature. Standard specifications for ~ Which is proportioned and mixed in a
cotton ma[‘s, as well as for \Vate]'-pr()of central plant and hauled to the site of
paper and membrane compounds, are the work in an agitator {ruck, (2) con-
available, crefe which is proportioned and partially

The use of ready-mixed concrete is
steadily on the increase, By ready-

S
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A concrefe paving job. (1} A subgrade machine levels the subgrade and windrows excess soil
outside the forms, In the foreground, an expansion joint is being sef. (2) A finisher waifs
fo spread concrete being dumped by the mixer. (3} Sieel reinforcing is laid, to be followed
by more concrete. {4} Finishing and floating operations. (5} Jeints are cuf and finished by
hand from @ maving bridge. {6) Forms are removed from the hardened pavement.
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mixed in a central plant and then i{rans-
ported to the site of the work in a truck
mixer, the mixing being eompleted en-
route, or (3) concrete which is propor-
 tioned in a centiral plant and mixed in a
truck mixer enroute to the site of the
work. All three methods are in use. The
use of ready-mixed concrete has certain
advantages over mixing at the site. The
proportioning plant is usually a fixed
plant with adequate equipment for meas-
uring materials and can be subject to close
supervision. In constructing a road sur-
face it also does away with operation of
a mixer on the subgrade. The principal
difficulty is in controlling the water con-
tent of the concrete, Adequate water
control devices should be insisted upon
and careful control of the consistency of
the concrete as delivered to the work
should be exercised.

On jobs where only a moderate amount
of concrete is needed for small culverts
and headwalls there is considerable econ-
omy in buying ready-mixed concrete from
a commercial supplier but the procedure
is by no means limited to small strue-
tures.

Efficiency of Construction Operations

The superintendent of a highway con-
struction job will seek fo get the maxi-
mum amount of work done. Success in

" this direction will depend upon accurate
knowledge of the time it should take to
perform each detailed operation and what
the consistent output on the job as a
whole should be.

As an example of how a superintend-
ent should seek to obtain efficiency, as-
sume a grading job with a power shovel
capable of handling 100 cubic yards per
hour. Hauling and spreading units have
been provided to handle this output, yet
actual production is only 75 cubic yards
per hour.

Respongibility for the lost production
talls squarely upon the superintendent.
He has been provided with a 100-cubic-
yard outfit that is operating at only 75
percent efficiency. It is his duty to find
the trouble and correct it. )
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Shovel speed

The number of places to look ig not
large. The superintendent examines
them, starting with the shovel. Here

. there are two possible difficutties.  The

operator may be wasting time tuking
more than an average of slightly less
than 2 miniites to load a truck. On
this job the operalor should be able to
load at a rate of one dipperful in slightly
less than one-half minute. When this
rate ig not maintained it may be because
the eperator lacks skill and energy or it
may be because the trucks are not get-
ting into loading position promptly. - If
time is being wasted, it may be that all
that is required is to have the operator
correct faulty praetices.. A more usual
solution of the poor-operator problem is
to find and employ a better one,

Size of loads

A second thing to look for at the
shovel is the size of the loads the dipper
is picking up. A shovel operator who
consistently fails to dig full loads can
cause a big loss because when the loads
he puts into a truck are short, the truck—
which iz usually given a definite number
of dipperfuls—goes light to the dump.
Asg it costs as much to baul a partial
load as it costs to haul a full load, and
cost of shovel operation is not lessened
by taking partial loads, cost rises above
the planned figure.- It may be that the
shovel is not digging from the right po-
sition—that is, it may be too close to the
face or too far from if. The digging
teeth may be badly worn and need re-
placement. )

Sometimes an operator spends too
much time on final touching up of the
ground over which he is working. Time
should not be wasted on touching up
that can be done better by a bulldozer.
It is good practice to run the bulldozer
back from the dump every 2 hours or
so to clean up around and back of the
shovel. Usually the bulldozer will have
plenty of time for this.

Havling

If the trouble is not at the shovel it
iz likely to be in the management of

&
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hauling. Too little room may be avail-
able at the shovel for turning trucks, or
after turning they may have to back too
far to the loading position and thus
delay the shovel operator. Frequent and
careful attention should be given to how
the trucks are handled at the shovel.
Suppose the trucks should be making a
round trip every 6 minutes, but, because

"1 minute is lost in maneuvering at the

shovel the trip time becomes 7 minutes,
If five trucks are in use the hourly output
falls from 50 to 43 loads—a loss too large
to ignore.

A common case of inefficient operation
is the condition of the ground over which
hauling is done. Scheduled speeds can-
not be maintained over rough or muddy
ground, A patrol grader should be kept
constantly at work on ground over which
hauling is being done. If the ground is
s0 wet that deep ruts will form, work
should be suspended. Ruts formed are
hard to eliminate, cause additional wear
of  eguipment, and cut down hauling
speed.

Occasionally time is lost in turning

around at the dump, Thig is apt to occur -
. and finishing them in accordance with

only when the width of fill is less than
20 feet. When it does occur careful at-
tention should be given to developing
means of eliminating or reduecing the
delay.

Job practices

Finally, production may be falling be-
hind because of job practices. Assume
that the. production schedule calls for 8
hours of production per day. This means
8 hours of actnal work—not just 8 hours
spent on the job. If it becomes the prac-
tice to stop units to grease them during
working hours, to go to the material
yards for gasoline, production time is
lost. Jobs have been observed where 5
percent, and even 10 percent of working
time was lost because of avoidable delays.

Such practices fend to grow without
full appreciation of their significance,
Often labor is blamed for lack of progress
when the fault lies with management.

This example of where to look for
trouble on a power-shovel grading job
has been selected as typical of the

method of examining performance on all
classes of highway work., Construction
men should appreciate that each con-
struction item—grading, quarrying and
erushing stone, laying asphalt pavement,
laying concrete pavement—involves a
series of operations, and that delay at
any place in the secries affects the entire
series. An organization that has been
correctly designed can be made fto pro-
duce as planned and should be made to
do so.

Field and Laborafory Control of
Materials and Processes

The purpose of laboratory and field
control of materials and processes ig to
insure that a structure will be built ac-
cording to the preseribed plans and spee-
ifications. The extent of econtrol re-
quired depends upon the nature of the
work, the specification requirements, and
conditions peculiar to the job,  Normally
it includes tests and, ingpection of ma-
terials; assembling, preparing, propor-
tioning, and mixing them; and placing

specified or implied directions,

Various plans are used for the control
of materials. They may be tested at the
source of supply, in a central or control
laboratory, or on the job. Testing  is
generally done at the source of supply if
the gquantity of material being furnished
Justifies sending an inspector to the pro-
dueer’s plant and if testing facilities can
be made available. T'his practice has
definite advantages: It prevents unsuit-
able material from reaching the job and
becoming the subject of dispute; it re-
lieves the job inspector from unneces-
sary routine work that can be done else-
where; and it eliminates a possible
source of delay to the contractor.

Central laboratory

Over-all control of materials and final
decisions on their aceeptability is the re-
sponsibility of the central or control lab-
oratory, which should be equipped to con-
duct. all tests required by the specifica-
tions and should be manned by trained

199




and skilled operators. Normally, the
testing of materials in such a laboratory
js done in accordance with the methods
stated in the specificationg, which gener-
ally are those of a recognized technical
socicety such as the American Sociely for
Testing Materials or the American As-
sociation of -State Highway Officials.
Such ftest methods have been carvefully
standardized and preeisely described so
that coneordant results can be obtained
wherever performed, providing the test-
ing is accurately done by trained opera-
tors. Additional tests, developed by re-
search but not necessarily adopted as
standard, are sometimes included in spec-
ifications to insure closer contrel of ma-
terialg (or combinations of materials)
than is afforded by the standard routine
tests. Experience has shown these fests
to be necessary, in some instances, in
order to obtain satisfactory results.

Judgment and experience needed

Normally, specifications prescribe the
manner in which materials are to be used
on the job. Some provisions, however,
require that certain operations be per-
formed “to the satisfaction of the engi-
neer” or “as directed by the engineer.”
Obviously such clauses place reliance
solely upon the judgment of the engineer
for fulfilment according fto the spirit of
the specifications. It is essential that
the engineer have the training, experi-
ence, and judgment necessary for the in-
telligent use of this authority.

.The actual operations by the engineer
or inspector on a given job are implied
directly or indirectly by the specifica-
tiong. The more definite the specifica-
tions, the more deiinite will be the duties
of the engineer and the more closely will
the work be controlled. On some types
of congtruction it ig frequently desirable
and more economical to permit use of
alternate materials and methods so that
only general terms. can be used and the
desired end results specified. This in
turn necessitates placing greater reliance
upon the inspector for proper selection
and control of materials go as to produce
the most satisfactory results. On the
more closely controlled types of con-
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struction the duties and responsibilities
of the inspectors, while numerous, are
specific and require more routine testing
than exercise of judgment. Control con-
sists of: first, complete examination of
all materials prior to use, for complianee
with the specifications; and, second,
proper use of the materials on the job,
as determined by tests or by the judg-
ment of the inspeetor,

Bituminous construciion

Types of bituminous congtruction
range from the placing of a single appli-
cation of bituminous material on a bitu-
minous or a nonbituminous base or sur-
face to the fabrication and placing of a
carefully designed and closely specified
bituminons mixture. For the purposes
of discassion it will be assumed that all
materials have been tested and approved
before reaching the joh, and that the cen-
tral or control laboratory has provided
the engineer with such data and infor-
mation regarding the materials as may
be -necessary for proper manipulation
without injury or damage in the course
of constroction. This will apply partic-
ularly to bituminous materials that may
be damaged by overheating or may be-
come a fire hazard if not handled prop-
erly.

Regardless of the type of surfacing
under consiruction, there are certain
basie duties which the engineer must
perform. Before actual operations be-
gin, he must be sure that the materials
to be incorporated in the road are in
good condition upon arrival at the job.

Aggregate should be examined to see

whether it has been damaged or contam-
inated while cn route. Bitumen ship-
ments should be similarly examined., All
eguipment specified to be nsed on the job
must be checked. This includes calibra-
tion of all weighing, measuring, record-
ing, and ftiming devices; checking
screens, bing, driers, and mixing devices
as to size, design, and condition; and ex-
amining spreading, compacting, and
other required equipment for compliance
with the gpecifications as regards type
and mechanical condition,
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The engineer must also check the exist-

ing swface or bhase, prior to placing any

material upon it, to see that it conforms
to the specifications. Thix includes
checking the grade and cross section if
required, examining for cleanliness, den-
sity, freedom from moisture, and other
conditions covered by Lthe specifications.
This is a4 'confinuing duty to be performed
as frequently ag the situation requires
and, as it involves the exercige of good
judgment, it should bhe the responsibility
of an experienced engineer,

Primes, fack coats, surface freatments, and
seal coats

The engineer must sece that bituminons
material iz applied in the amount and
at the temperature specified; and that
aggregate, if ysed, is spread wuniformly
in the ameunt specified, The volume of
bitumen in the distributor should be
measured before and after each load of
material i applied and the temperature
gbould be recorded. These data are nec-
essary for calculating the amount used
and the rate of application.

The rate of application is normally
specified as a range within which the
engineer decides upon the exact amount
to be used. TFor example the specifica-
tions may direct that a prime coat be
applied at a rate between 0.25 and 0.35
gallon per square yard. A trial appli-
cation of the average amount specified
will be made and, after observing the
results obtained, the engineer must
promptly decide what amount will be
needed to provide a thorough prime coat
without waste of material, Too rapid
absorption of the priming material may
indicate use of too little material or that
a heavier grade should be used. Delay
in absorption may indicate the opposite;
that is, the amount applied may have
been too great or the grade used too heavy.
Applications of smaller amounts, or in
increments, may be necessary to obtain
the desired results, ‘

In applying materials for surface treat-
ments, followed by a cover of mineral
aggregate, the method of control will be
similar. In this case, however, the rate
of application of bitumen is based upon
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the amount required to bind the cover in
place. In surface treatments it i nec-
essary to prevent overlapping of succes-
sive loads of bitumen and thereby prevent
development of rough riding surfaces at
junction points., Placing of cover aggre-
gate requires measurement or weighing
of inerements and spreading them over
meagured areas, The specifications fre-
quently require this operation 10 be done
“griiformly” or “in 4 workmanlike man-
ner” and consequenfly the enginecr must
have Lhe iraining and experience to en-
able him to decide how these require-
ments are to be met.

Bituminous macadam

In addition to considerations already
discussed, the engineer’s duty in the con-
struction of macadam is to insure that
the different courses are placed to
the specified thickness, that they are
thoroughly compacted until no further
consolidation can be obtained, and that
the resnlting surface smoothness is with-
in the tolerance permitied by the speci-
fieations. This entails close observation
of rolling and almost continuous use of
the straight -edge and template. De-
feets in a given course cannot be rem-
edied easily or compensated for in sub-
gsequent courses. The engineer should
require that each course be completed
properly before operations begin on the
next course. Control of bitumen appli-
cations is, for all practical purposes, es-
sentially the same as in surface treat-
ments.

Road-mix construction

Specifications for road-mix surfaces
are normally rather general except in
the matter of bitumen content and mois-
ture, and the results obtained depend to
a great extent upon the judgment of the
engineer., Routine tests of aggregate
grading, moisture contents, and percent-
ages of bitumen, as required by the spec-
ifications, are made; but hecausc of the
speed of construction the results of such
tests serve primarily to substantiate the
engineer’s * judgment and to provide in-
formation for future reference. The cn-
gineer must observe mixing operations
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almost continuously and be capable of
deciding promptly when a mixture is
thoroughly mixed, when the bitumen
content is satisfactory, when the mois-
ture content is not excessive, and when
the mixture is in the proper condition
for spreading and compacting.

Traveling-plant construction

In some traveling plants the aggregate
and bitumen are mechanically propor-
tioned as desired, and control is thus
constantly exercised. . In other plants,
the bitumen is applied at a constant rate
which is dependent upon the forward
movement of the machine—the uniform-
ity of the mixture therefore depending
upon the uniformity of the windrowed
material,

Judgment in controlling the mix is in-
fluenced by a few routine tests, but de-
pends chiefly upon ability to decide
promptly when adjustments should be
made, Normally, progress is so rapid
that changes must be made on the basis
of visual observations rather than on
routine tests.

Plant-mix construction

The results demanded in plant-mix
construction are more exacting than in
other types of bituminous construction
and congequently the controls governing
mixing, laying, and finishing are more
definitely specified. The exercise of con-
trol requires considerable routine testing
on the job.

Routine testing can be done by an
operator of limited experience provided
he is adequately supervised. Proper use
of the tolerances permitted by the spe-
cifications requires the exercise of good
Cjudgment if the best results possible un-
der the specifications are to be obtained.
For example, specifications permit slight
tolerances in grading of aggregates, in
the compositionn of the mixture, and in
the mixing temperatures, in the case of
hot mixtures. The bitumen content re-
quired is affected by the grading of the
aggregate and both the grading of the
aggregate and the temperature affect the
workability of the mixture and its re-
sulting density in place., It is essential
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that the engineer know what effect a
minor adjustment may have on the over-
all results.

Spreading and finishing are affected
by the eomposition and temperature of
the mixture and the results obtained
may indicate minor adjustments in pre-
paring the mixture. The same faectors
also influence the method, time, and
amount of rolling reqguired. Control of
all these features is essential for best re-
sults. Since most of them depend upon
visual observations, experience, training,
and good judgment on the part of the
engineer are required.

Concrefe construction

Control of concrete construction re-
guires extengive preliminary study in the
control laboratory, close and continued
cooperation between the laboratory and
the job, control testing om the job, and
close observation of all construction de-
tails. There should be close cooperation
between the engineers at the materials
plant and on the job site.

It is the responsibility of the central
or control laboratory to design the con-
crete mixture according to limits set by
the specifications and so that the finished
product will have the physical properties
contemplated in the design. Assuming
that the individual materials are satis-

' factory, this will include a determination

of the best combination or combinations
of cement, aggregates, and water, a deter-
mination of the proper consistency, and
the development of information as to
variations that may be permissible and
still produce uniformly satisfactory re-
sults. The effect of variations in com-
position upon the final results can be de-
termined only in the laboratory and
therefore the information supplied to the
field laboratory should be very definite.
Job. control will be based primarily
upon instruetions from the laboratory
but will be influenced, within limits, by
the particular conditions existing. Rou-
tine tests are fairly well standardized
and are a fixed assignment. Knowledge
and experience is required, however, in
the inspection of the condition and han-
dling of materials, in the inspection of
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fabrication processes, and in determin-
ing the apparent quality of the mixture.
The physical properties that will develop
cannot be determined by visual inspec-
tion, but the experienced engineer will

note the consistency, uniformity, and

general appearance and must make such
minor adjustnments as may be permissible

and necessary very promptly to prevent -

the nse of nonuniform or unworkable ma-
terial.

Timing of operations such as mixing,
transporting, and finishing is very im-
portant. If such operations are not prop-
erly timed, the results will be unsatis-
factory and may make it necessary to
remove and replace concrete. The chief
requisite for proper control is a thorough
knowledge of the specifications, experi-
ence, good judgment, and ability to make
decisions promptly. Dimensgional and
quantitative factors can be measured, but
judgment and experience are required in
making many decisions that greatly af-
fect the results. The engineer must de-
cide whether the forms are properly
alined; when the subgrade is properly
prepared, compacted, and moistened;
whether reinforeing steel, if used, is in
satisfactory physical condition and prop-
erly placed ; whether the mixture has the
congistency and other detectable physical
properties it should have; whether it is
placed correctly and is manipulated and
finished properly and at the correct time.

Construction with soils

Construction in thig category includes
fills, embankments, subgrades, bases, and
surfaces composed chiefly of natural soil
with or without the addition of granular
materials such as sand, gravel, stone,
and slag. Extensive field and laboratory
work should precede the preparation of
specifications for soil and soil-aggregate
construetion.

The field work consists of determining
the location and amounts of the soils of

various types on the site, adjacent to it,
and in areas likely to become sources of
supply. Moisture and drainage condi-
tions must be thoroughly examined, not
only as they exist but also as they may
be affected by the proposed construction,
Extensive sampling of materials and the
preparation of soil-profile maps are also
egsential preliminary studies.

The properties of the soil and other
materials are determined in the labora-
tory by routine and sgpecial tests, and
mixtures of materials are designed to
have the properties required for satisfac-
tory behavior in the structure., For ex-
ample, moisture control and compaction
are essential in placing soils 8o as to de-
velop load-carrying capacity and resist-
ance to the effects of excess moisture, 1t
is imperative that the required density
be determined and that the moisture con-
tent required to obtain that density be es-
tablished. This information is used in
specifying construction controls. The
laboratory specialists must designate the
materials to be used in a particular lo-
cation, and also those materials existing
on the site to be removed and replaced
with specified materials, Where drain-
age systems are required to maintain
stability, they must be located and de-
signed.

Control of materials and processes dur-
ing construction involves continued test-
ing of materials for gradation and
plasticity constants, and determination
of moisture contents and densities, to in-
sure that each layer or course as com-
pleted has the physical properties
required by the specification. Since con-
solidation or compaction is almost a con-
tinuous operation, the engineer must have
a good knowledge of soil behavior to de-
termine, approximately, when the proper
degree of congolidation has been attained
and then corroborate his judgment by
test measurements. '
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HIGHWAY MAINTENANCE

Some 327,000 men and over 300,000 ma-
jor mechanical units are stationed along
the Nation’s highways and city streets to
keep them in the proper condition for
safe and unobstiructed movement of ve-
hicles,

The Size of the Job

Prompt and constant action is essen-
tial in repairing the pavements over
which roll vehicles of considerable
weight, at high speeds and under all
weather conditions, carrying people,
food from farms, and raw materials to
and finished products from our factories,

Gradual deterioration, sudden failures,
damage by storms, and chance obstruc-
tions are all road hazards that cause per-
sonal injury and damage or delay in
transportation of commodities. Well~
kept roads are necessary to our national
ceonomy.

It is sometimes said that the most per-
manent thing about a highway is the cost
of keeping it up. The expenditure In
1947 for road maintenance by State and
local governments is estimated at $967,-
000,000, In contrast to construction,
where most of the work is done under
© contruct by private organizations, high-
way maintenance ig generally performed
by labor hired by agencies of State and
local governments, and with equipment
owned by them.

Of the average dollar expended for
maintenance, 48 percent goes for direct
labor on the road; 18 percent for mate-
rialy; 26 percent for cost of equipment,
including depreciation and operating
costs; and 8 percent for administration.

Organization

In a typical State highway department
all maintenance and minor betterment
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activities are directed by a highway
maintenance engineer at headquarters
The State maintenance engineer's du-
ties arc to participate with the chief en-
gineer ‘'in developing general mainte-
nance policies for the approval of the
highway commission and in directing ex-
ecution of such policies by the field or-
ganization.

Annval program

Annual programs of work are prepared
at headquarters cach fall for the coming
year. Each district maintenance engi-

. neer submits a detailed estimate of the

funds needed in each county and on each
route for the coming year, Allotments
are bhased on condition of pavement,
traffic earried, previous maintenance
operations, imminence of resurfacing or
other improvement, priority suggested by
field supervisor, and complaints received
from highway users. A tentative pro-
gram is prepared and checked against
the construction program to avoid ex-
penditures on highways soon to be recon-
structed. After appropriate revision it
is approved as the authorization for the
year.

Districts

A State iz gencrally divided into eight
to twelve‘ geographic districts, each in
charge of a district engineer, The line
of authority is from the State mainte-
nance engineer to the district mainte-
nance cungineer, to mainteriance superin-
tendents, gang foreman and sectionman
or patrolman, skilled and common labor.

In one State where the highway de-
partment is responsible for maintenance
of 40,800 miles of roads, the State is di-
vided into districts consisting of several
counties, each in charge of an engineer
who directs a maintenance superintend-
ent in each county.
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The superintendents have their offices
in buildings where maintenance equip-
ment and materials are stored, and there
is space for repairing equipment. Mod-
ern maintenance buildings have been
constructed in each county. The equip-
ment depot is centrally located and on
the average 600 miles of road are main-
tained.

This State highway department em-

ployed 66 maintenance superintendents

with 192 assistant superintendents.
There were 11,978 maintenance employ-
ees.

In the Oregon organization, shown in
figure 50, field operations are directed
through an equipment engineer, five di-
vigion cnginecrs, one office engineer, a
sign engineer, a radio engineer, and a
ferry superintendent.

Maintenance patrols

Repairs on the highways are made by
boeth patrol and gang methods, A nor-
mal patrol section consists of from 10
to 40 miles of highway, depending upon
the amount of work to be performed.
Each section is assigned to a patrolman
with from one to three assistants. This
c¢rew is responsible for normal hand

patching, reconditioning short stretches
(300 feet or less), ditch cleaning, shoul-
der repairs, and cleaning and mowing the
roadside, Frequent patroling of the
roads is required so that defects may be
noted -as they occur and plans made for
correction.

Many States have special gangs to
travel over the State and do work beyond
the capacity of the patrol crew. Such
forces do surface reconditioning where
the area to be worked on ig large. A
traveling party may consist of about 15

‘men and have 4 or 5 power patrol grad-

ers, 4 or 5 trucks, a bituminous distribu-
tor (800 to 1,200 gallon capacity), disks,
power brooms, a roller, and small tools.
At times a special gang and patrol forece
will work together. Gang crews are used
for adding gravel to the surface, center-
line painting, weed eradiecation, bridge
repair and painting, and other work re-
quiring special equipment or gkill.

County organizations

The maintenance ‘organizations of
counties to c¢arc for the local roads ave
organized along the same lines as a sub-
division of the State organization but

{ MAINTENANCE ENGINEER l
1
[ AssT. MAINTENANCE ENGINEER]
1
] : I 1 ]
Equipment 5 Division Office Sign
Engineer Engineers™* Engineer i Engineer
N
Radio 4 Shop supts, 17 Disiriet Engineer assts. iig:ﬁa‘upfi;i
enginser Ferry supts Secretaries raliic line
supt, ! Storekeeper 2 Bridge supts.) Jgtonographers .fnreiman
jef clerk Sign foreman.
Operator 1 Chief cler. 19 Office men IMngnet operator Elect. foreran
r—’l [ L
136 Section foremen Extra gang
Mechanics Section h.elpers foreman Painters
Blacksmiths g;‘u:k drivers 5 Oiling crews
Carpenters ade men 10 Paving crews
Painters Laborers 19 Bridge crews Helpezs
Janitors . 5 Shovel crews
Watchmen Drawbridge 2T 1 crews Truck drivers
operators 5 Swmall
Gatemen all gangs
#* Division Engineers handle Location and Oregon State Highway Department
Caongtruction as well as Maintenance MAINTENANCE DIVISION
February 1948 Organization Chart

Figure 50.~—Organizafion of maintenance division of Oregon Highway Deparfment.
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Equipmeni maintenance. shop of the California Division of Highwaoys ol Sacramento,

they generally operate on a smaller
scale. .
Cities

The larger cities have large mainte-
nance organizations. The following de-
scription of the organization for a city
of one millien population is typical. A
guperintendent directs the work which is
divided into three branches:

1. An assistant superintendent with
15 men inspect work done under contract
in repairing concrete roadways, alleys,
and sidewalks.

2, An assistant superintendent with 4
inspectors, 12 foremen, and 80 laborers
make repairs to bituminous roadways
and inspect that done under contract,

3, An assistant superintendent with 1
principal assistant, 11 mechanies, 70
truck and passenger-car drivers, and 16
laborers are assigned to shops and 119
pleces of mujor equipment.

Maintenance of bridges is performed
by a crew of 2 foremen and 15 skilled
laborers, under the direction of the en-
gineer of bridges.

"These men are at times assigned to
street cleaning, and repair of culverts
and  traffic eigns. The organization
maintains 995 miles of city streets,
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The Equipment Section

The practice of the States in procuring
maintenance equipment and inaterials
and in making major repairs varies. The
most common practice is to concentrate
the administration, procurement, main
stockroom, and major repair shops at one
location, 7This location should be near
the center of operations. Here should be
located the office of the State equipment
engineer with an office force sufficient to
keep records on the assignment and me-
chanical performance of all eguipment.
A central parls warehouse sheuld also be
located here with a well-stocked and Der-
petual-inventoried supply of parts and
replacement anits for all types of equip-
ment owned. A well-trained parts su-
perintendent should head this organiza-
tion and should be responsible for pro-
curing all necessary parts,

Central repair shop

The central or major repair shop
should perform all major overhauls;
should inspect all motorized equipment
at least once a year; and should have
sufficient machine shop, welding, black-
smith, tire repairing, and painting equip
ment to do major rebuilding,




The equipment maintenance garage of

the Massachugsetts Department of Public
Works is typical. It has over-all dimen-
sions of 300 by 3500 feet and covers 2
acres of land. It is the principal service
shop for 2,150 major pieces of equipment.

Equipment arriving at the central shop
tfor repairs is checked into the garage at
an office to the left of the entrance, It
is then moved along the right-hand aisle,
stopping aleng the way, if necessary, at
the washstand, and finally reaches a
truck, tractor, or machinery repair stall
along the rear of the building.

There it may be dismantled and heavy
parts carried by an overhead monorail
to one of the various specialty shops for
overhauling. Stalls are separated from
each other by a low wall so that upon
completion of a job the mechanic may
wash down his stall without interfering
with work in the adjacent areas.

The stockroom furnishes spare parts
from stock stored within a room in the
central area of the building, The mono-
rail is available to handle the heavier
parts.

Sandblasting and steam-cleaning facili-
ties are provided adjacent to the paint
shop.

Each piece of -equipment iz tested and
inspected at the right of the exit before
it is permitted to leave the garage.

Office space for the administrative and
clerical force is provided on the second
floor of the building.

Additional storage is provided around
the outside of the vard in covered stalls
which protect equipment from weather
while awaiting repairs,

District shops

This type of central shop is often sup-
. plemented by smaller shops strategically
located throughout the State and equip-
ped to perform small repair jobs.
Several Btutes, because of their size,
prefer to have a number of district shops
rather than one central shop.
The highway maintenance shop at
Rapid City, 8. Dak., shown in figure 51, i

a small unit which services the equip-

ment for a district having 1,300 miles of
low-type bituminrous or gravel roads.

Maintenance Operctions

The distribution of maintenance ex-
penditures on different parts of a high-
way is shown in the following tabula-
tion, based on analysis of a large volume
of data from all parts of the country:

© Percent
A. Traveled way—surface______ 48
B. Shoulders _____._____._____ 10
C. Drainage—ditches, culverts... 10
D. Roadside—m o wing, erosion
control, vegetation, foot-
paths, recreation areas______ 8
E. Traffic service — guardrail,
signs, signals ... b5
F. Snow and ice control______.__ 10
G. Bridges—superstructure, sub-
structure, stream bed, signs_ 7
H. Special gervice — permits,

load limitations, - detours,
public relations

The following outline lists most main-
tenance operations:

A. Traveled way

1. Repairing small surface failures by
patching with materials similar to those
used in original improvement.

2. Repairing large or extensive sur-
face failures by scarifying, reshaping,
and re-treating, adding new materials if
necessary. .

3. Dragging and blading soil, gravel,
or similar surfaces:

(a) Maintaining proper crown and

cross section.

(%) Adding new material when neces-

sary.

4. Stabilizing soil-aggregate surfaces
through light bituminous or chloride ap-
plications to check dust or the loss of
materials. ’ '

H. Applying bituminous surface treat-
ment Lo bituminous paverments when it
is necessary to:

(@) Scal apainst water penetration.

() Renew the binder in a surface

that shows signs of oxidation.

6. Filling joints and cracks in. port-
land cement concrete and block pave-
ments,
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B. Shoulders

1. Dragging and blading.

2. Sloping away from pavement at
Teast 1 inch per foot.

3. Stabilizing with granular materials
if necessary.

4, Mowing grass shoulders and keep-
ing them level with the surface to avoid
retarding surface drainage,

C. Drainage facilities

1. Cleaning ditches and culverts peri-
odically to provide free and unobstructed
run-off. )

2. Keeping side ditches clear and well
below the road surface to prevent sub-
erade or sub-base weakness.

3. Cleaning drain-off ditches frequent-
ly to remove vegetation, debris, and
other- obstructions.

4. Drainage of road right-of-way as an
aid to public health.

D. Roadsides

{Maintenance of that part of right-of-
way area not used for traveled way or
drainage facilities.)

1. Prevention of erosion of slopes, em-
bankments, and the roadgide area by
rounding and flattening affected areas,
stabilizing soils, seeding, mulching, sod-
ding, or planting proper types of
vegetation,

2, Cutting and renmoving grass, vines,
brush, and trees to provide sight dis-
tances, open vistas, and to protect the
roadway. ‘

E. Traffic service (safety measures}

1. Repairing, painting, and preserving
guardrail.

2, Signs and markings for the di-
rection, warning, and regulation of
traffic are installed, repaired, painted,
and properly maintained. )

3. Traflie signals are inspected, checked
periodically, and maintained in good
condition at all times.

F. Snow and ice control

1. In the northern States a program is
prepared showing priority of routes to be
cleared of snow.
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2. Equipment must be serviced and dis-
patched to winter stations,

3. Gravity-feed sand bins must be
erected and abrasives for ice freatment
stock piled.

4, Snow fence to check drifting must

‘be erected.

5. Preliminary arrangements must be
made for weuather reporting and alerting
maintenance employees at any time.

6. Snowplowing.

7. Treatment of ice-covered pavements.

8. Mafking of drainage facilities and

“thawing of frozen culverts.

G. Bridges

1, Superstructures are repaired,
painted, and cleaned as required. Bridge
decks must be repaired and replaced.
Truss members damaged by collision re-
quire attention. Disintegrated conerete
surfaces must be patched. A trouble-
some item is the repair of expansion ele-
ments that have not functioned properly.

2. The substructure should be inspected
periodically, and abutments and supports
repaired when necessary, Timber bulk-
heads must be repaired or replaced. Pil-
ing exposed to the erosive action of the
stream, corrosive action of the earth, and
attack by organisms must be watched,
and replaced when necessary. 4

3. The stream bed should be cleaned,
and obstructions removed to provide free
flow of water and protection from secour.

4, Signs should be installed and main-
tained to show approaches to the bridge,
the load limit, width, vertical c¢learance,
and any restrictions imposed.

H. Special Services

1. Control of work done within the
right-of-way limits by individuals or cor-
porations by issuance of permits is neces-
sary for the protection of the highway
amd highway users.

2. The requirement of a special permit
for transportation of loads of excessive
weight, width, height, or length; and
load limitation during rainy seasons are
standard protective measures.

3. Properly maintained and well-

" marked detours arve essential in good
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maintenance practice. They promote
2ood publie relations and aid in highway
safety.

4, First-aid training of maintenance
employees makes. possible a. valuable
service in case of accidents.

5. Maintenance and repair operations
should be performed with due regard for

- safety of the State employees and the
traveling public. Good public relations
are very desirable at all times.

Figutre 51.—A fypical district maintenance shop.

Soil-Aggregate Surfaces

Soil-aggregate surfaces constitute by
far the largest class of roads. Mainte-
nance of thein consists of : (1) Dragging
and blading; (2) patching and repairing
goft and unstable areas; (3) scarifying,
reshaping, and restoring losses of mate-
rial; (4) applying dust palliatives; and
(5) bituminous surface treatment.

The most important maintenance op-
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SOIL AGGREGATE
STRAIGHT SLOPE CROWN 4" TO Y2"PER FOOT MEASURED ON THE BASE LINE
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BITUMINOUS SURFACES

PARABOLIC CROWN, VERTICAL OFFSETS FROM BASE LINE
SHOWN AT ONE FOOT INTERVALS

Figure 52.—Standard crowns.

erations—dragging and blading—shounld
be performed scon after a rain when the
surface materialy are moist and more
readily - compacted. This work, when
performed on a dry and dusty surface,
may {o harm, due to loosening of sur-
face materials and loss by wind and
traffic. It may increase the amount of
dust, thereby creating a traffic hazard.
Conversely, roadbed shaping should be
avoided when the surface is excessively
moist, gince traffic will cause rutting and
a resultant loss of crown.
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Maintaining crown

Maintaining a crown is of primary
importance. The slope of the surface de-
pends upon: (1) the type of surface, (2)
the steepness of grade, and (3) whether
the section is in cut or fill. A porous,
sandy soil requires less crown than a clay

" soil for the reason that granular mate-

rials absorb moisture without being sof-
tened. 'This may also be true of other
untreated surfaces. On steep grades,
surface water drains off more readily.
In il sections, where shoulders are nar-
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row, the matter of trafic safety should
be considered. The crown may vary
from one-fourth to one-half inch per foot,
depending on the factors enumerated.
Figure 52 illustrates the standard crowns
for pervious and impervious soil-aggre-

gate surfaces and for bituminous-treated .

surfaces.

In natural soil roads, boulders and
large rocks have a tendeney to work to
the surface. These should be removed
or hand-knapped as soon as observed.

Unstable areas

A few soft and nnstable areas may de-
velop in a surface, the greater part of
which remains in good condition for the
greater part of the year. Usually the
failures may be attributed to (1) im-
proper surface or subsurface drainage,
(2) poor gradation or mixture ot mate-
rials, and (8) inadequate foundation.

Proper surface and subsurface drain-
age should be provided, if necded, before
the surface is repaired. Surface drain-
age can be remedied by providing the
proper crown. KExcessive moisture in the
subgrade may occur in the spring or
after a long, rainy period, producing sub-

~surface failure. The condition may be

remedied by the installation of side or
lateral drains to intercept the free water
and also effect the lowering of the ground
water level,

Repairing of extensive disintegration
may be accomplished by secarifying and
reshaping. Proper mixing of materials
added to the surface should be effected
before compaction is begun.

Dust palliatives

Highway users object to the dusty con-
dition of plain soil-aggregate surfaces
and a palliative is generally applied by
maintenance forces when the traffic ex-
ceeds 50 vehicles per day.

The primary purposes in applying dust
palliatives are: (1) Abatement of the
dust nuisance to trafiic and on property
adjacent to the highway, (2) provision
of additional superficial bond, and (3)
conservation of surface material.

Three substances are commonly used
as dust layers: (1) Calcium chloride,

(2) sodium ehloride, and (3) bituminous

materials,

Calcium chloride is most generally used
because of its deliquescent characteris-
tics, or ability to absorb moisture from
the air, and ease of application.

Sodium chioride may be used as a dust
layer. This chemical (common salt,
usually in coarse erystals) will not ab-
sorb moisture from the air except under
certain conditions, and then slowly, The
principal stabilizing action of sodium
chloride is by the recrystallization of the
salt in the surface layer when the road
surface loses moisture.

Bituminons materialg are frequently
used. Certain grades of liguid bifumi-
nous. materialy are suitable. The bitu-
men should have sufficient “body” to bind
the fines in surface aggregates for a rea-
sonable period. Thege materials may be
tars (RT-1 and RT-2), slow-curing road
oils (8C-0, 8C-1, and SC-2), medium-
curing cutback (MC-0 and MC-1), and
diluted emulsified asphalt (88). The di-

. Iution should be three parts of water to

one part of emulsified asphalt, The type
and grade of bitumen to use, and the
rate of application, will depend upon the
condition and density of the road surface.
Tar is recommended for granular sur-
faces only and is not suited for laying
dust en earth roads. Asg a general rule
the amount of bituminous material ap-
plied should be increased as the surface
density decreases. The quantity varies
from (.10 gallon per square yard on dense
surfaces fo (.25 gallon per square yard
on those of open texture.

Bituminous surface freatment

In the maintenance of soil-aggregate
surfaces, a distinction is made between
the application of small quantities of bi-
tuminous material for dust control and
a larger application of a different kind
of bituminous material. The latter is
called a “surface treatment,” It pro-
vides more stability than a bituminous
dust palliative, yet is not equivalent to
a bituminous mat. The bituminous ma-
terials are applied in relatively small
quantities to the stabilized soil or coarse
aggregate surfaces as a prime, protec-
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tive, or seal coat. When the treatient
is of sufficient thickness to distribute a
portion of the weight of a vehicle, then
it should be ‘clasgsified as 4 bituminous
mat. If the thickness of the wearing
course is less than 1 inch, it i8 classified
as a bituminous surface-treated, soil-
agegregate road. A thickness of 1 inch
or over is clasgified as a bituminous
wearing conrse,

The condition of the soil-aggregate
surface to be treated is an important
consideration.  The subgrade and sur-
face course should he of sufficient
strength to support the traffic loads and
should be well drained. Sand-clay and
stabilized soil mixtures should be tested
for plasticity index and liquid limit as
indications of the probhable effect of
moisture on the surface binder. The bi-
tuminous mat will retard evaporation
and if excessive moisture accumulates
beneath it disintegration of the mat will
occur. If the reoad surface does not have
grading and plasticity characteristics
conforming to base-course requirements,
it should be scarified and materials in-
corporated to correct the deficiencies be-
fore applying the bituminous materials.

Classification of Bitumens
In the discussion of design it has been
stated that asphaltic materials for sur-

tace treatment are of three types: (1)
Hot or penetration grade asphalts, (2)
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The road maintainer is a useful machine in maintaining soil-aggregate surfaces and in finishing
some fypes of mixed-in-place surface treatmenis on low-type bituminous surfaces.

liguid asphalts, and (3) asphaltie emul-
sions.

The hot asphalts (heated before nuse},
also called asphalt cements, are semisolid
natural materials or, more commonly,
residuals from the distillation of asphal-
tie base petrolenm.

Ligquid asphalts are classified accord-
ing to their curing properties: (1) The
RC or rapid-curing type, (2) the MC or
medium-curing type, and (3) the SC or
slow-curing type. The RC materials are
produced by combining asphalt cements
with gasoline or naphtha, and MC ma-
terinls by combining asphalts with kero-
sene or light fuel-oil distillates. The
SC ‘materials are asphaltic residual oilg
or blends of such oils with distillates
that do not volatilize readily.

Asphaltic emulsions are produced with
the aid of emulsifying agents by vigov-
ously stirring heated asphalt cements of
varicus grades in water to form suspen-
sions of minute globules of asphalt in the
water. '

Tars for surface treatment are of two
types: (1) Straight run or blended tars,
ranging in viscosity grade from R'T-1 to
RT-12, and (2) tar cutbacks, grades
RTCR-5 and -6. They are produced
by refining and blendihg the condensates
resuiting from the destructive distilla-
tion of coal and those resulting from the
manufacture of carbureted water gas.
The use of tars, particularly those in the
lower and intermediate viscosity ranges,
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is extensive in areas where they are
available at moderate cost.

Table 18 shows the principal uses of
the various grades of tars and asphalts
in maintenance operations. The left-
hand column lsts elasses of work, and
cross marks indicate the grade of bita-
men that may be used.

The size of aggregate used in a bitu-
minous surface is influenced by its qual-
ity. Good aggregates are searce in somne
sections of the country. For this reason
practice of the various States as to size
of aggregate used varies consgiderably.
Table 14 gives the standard sizes recom-
mended by the American Association of
State Iighway Officials.

Bituminous Surfaces

Maintenance of bituminous surfaces
requires timely action along five lines:

1. Patching.

2. Paint-patching,

2. Scarifying.

4. Resealing.

5. Non-skid treatment.

Patching of holes that form in the sur-
face should be preceded by a determina-
tion of the cause of the failure. The

cause may be poor drainage, insufficient
base, or poor suobgrade. The cause
should be removed if possible, Tempo-
rary patching may be desirable during
unfavorable weather; when the sub-
grade material is undergoing consolida-
tion; or for similar reasons.

When it is necessary to pateh with bi-
tuminous materials in wet weather, the
use of additives, either in the bitumen
or a8 a _coating on the aggregale, may he
desirable, This should be done only

~when laboratory tests indicate that an

additive is needed to obtain a satisfactory
coating on the moist aggregate.

Seal coats

Areas which are beginning to crack
or ravel may bhe sealed by applying thin
coats of bitumen and covering with suit-
able aggregate. Thin layers of premixed
material are also used for this purpose.
Intermediate or high-type bituminous
surfaces, which have disintegrated to a
depth too great for restoration by a seal
coat, should be repaired by trimming the
affected area to form a rectangular hole
with vertical sides. The hole is then
filled in tamped layers by the penetration
method or with premixed material. The
material used to patch high-type pave-

in surface-freatment work on biluminous surfaces,
men in the background.

Final fouching is being done by the
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Table 13.——Principal uses® of various grades of tars and asphalts in maintenance operations
p

Grade of bitumen
Medium cur- | ‘Rapid euring ; AC asphalt
Slro(gdcg?}fg | ing cuthack cutback ]g;mflgfged Tars cements:
o asphalts asphalts DAl Penetration—
Olass of work
q | ele| L]
-y Fg a \Olc <@
i ealen | TR Pl el iw]w ~ el Mﬁ\!mﬁdlﬁ@r\wmarﬁ:—tbccomg‘ﬂ‘fgg
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1, Dust palliative, on dirt or dirty aggregate: i :
A, Nataralsoll.. ... .0 . _____ RO UG U O U N SO N Y4 ,_‘_ . RO SR N O O O
B. Gravel, stone, efc. S VU O O B S DV B ¥4 5 % I R S U N R .
2. Soil stabilization, base. . .__ S RO JRURN OO S OOt I I 4 24D 44 _ RO OO
3. Blotter or mulch treatment, excess of fines RS DUV U0 (U0 Y S <€ VU OO B DO ¢ S RO T Y N RO O A
4. Priming:
A. Tightly bonded surface.____________________ UV VS O R R O 1 < U S OO O S O ) - B TR B B 54 D S I B N N I il
B. Loosely bonded fine agg. surface__._._._.._. AP DUUES O NN O N = RO Y O ) O il L IXIXIX Y Y I o en
C. Loosely bonded coarse age. surface_ . __.___ S N OO O Y O 54 N RS R R O NN NG U O U ECR VU N S 3 "¢ O O O U Y S O O RO RO RO U S o
5. Tack coat: . :
A. Bituminous surface._ JEONE VRS Y NN N RS Y VO R X DS 7R P N N O O O N N OO
B. Brick and conetete._ . Y OO OO UG S O O A 4 X D6 -4 =4 SO0 N0 S s N N NN O OO O
8. Surface treatment, seal or sk
A. Without cover_ . _. N O OO U G O O S - I
B. Coarse sand cover._............. RS D D N V4 E4 X XX
C. Clean ¥ in. ageregate cover...__ . X% X X ¥
D. Clean 35 in. aggregate eover_ _ - | X X -- XX
E. Clean % in. aggregate cover_. .. e x X X X
F. Clean %4 in. aggregate cover . . - | ¥
(. Graded gravel aggregate__.__ - x ¥ XX
H. Gravelmuleh.____________:l______ o - . b Y N ) RO N OO O S O DAY D I
9. Dragged leveling eourse:
A, Open graded aggregate.. . I O R N Y AN NN O ¢ - b -4 - 1 O RO R O N N O (AU O B B
B. Dense graded aggregate ____ JUR U OO OO SO DO R D "4 "4 - D20 PO PNV VUV (S SRS U DO O ) R O O PO
8. Road mix:
A. Open graded aggregate:
1, 8and o R SN RUR RS RN RO JUORN VR RO " N RN TN 14 14 1O O B 2 OO (R S R (R U O O O R O PR PO
2. Max, dia. 1", high percent passing 10
mesh. ... JE3U VOO U VO R O JUORS Y S V< "4 U S O U O O S A D -7 PV U N O SN N O O OO A
3. Macadam aggregate . ......__.._..._ R RO O UURY (RS UV O U O s O S N O "4 - O T b 2 " O L O ) O IO ) O O S
B. Dense graded aggregate:
1. High percent passing 200 mesh________|.. ,.‘x DS O Y N % N UV Y N O Y N O DY O > [E3 N U S S NN O U RO SO O O
2. Max. dia. 17, medium passing 200 |
mesh .. .l R %4 < N 1 30 1 O b P U O O )
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9, Bituminous (hot penetration) macadam: |
A, Warm climates .~ . __
B. Northern climates, summer._
C. Northern climates, eool weather
10. Cold penetration macadam
11. Seal coat, new construction.
12, Cold patch:
A. Open graded aggregate_ . ___________ RN O . -
B. Dense graded aggregate. .. __..___.___ I S T 5445 4 PO b4 > (I DY P
13, Plant mix, cold 1zid:
A. Open graded ageregate;
1. 8and. L .

mesh. .. ...
3. Macadam aggregate. ... .
4. Macadam ageregate, liquefier type. | | | iy _|..i_.
B. Dense graded aggregate:
1. High percent passing 200mesh_.______ B R W "4 4
2. Max, dia. 1/, medium percent passing
. 200 mesh. . _____ -

C. Primer to be followed wi

14. Plant mix, hot laid;
A. Sheet agphalt .

B. Bituminous eoncrete
C. Medium hot, clags F.._.
D, Mcdium hot, oil-aggregat
15. Crack filler

HXAKX

X

- ><]><I>s O O O O O B v 2 ¥4 -

1 Usually, for any particular project, sny one of two or more different grades of bitumi-
nous materials may be used with satisfactory results. However, this is not always true
as the kind of aggregate may dictate the particular grade of bituminous material that
will give best resulls. Generally the heaviest grade of bitnmen that can be readily in-
corporated with the aggregate being used and whieh produces a mix that can be readily
and uniformly spread will result in the most service for the money expended. :

Frequently, on account of its slower drying characier, MC material of one number

higher grade than RC used on similar work would be used on road-mix or cold plant-
mix ponstruction.

2 Emulsified asphalt to be diluted, 3 parts emulsion to 9 parts water.

8 The size of aggregale cover influences grade of bitumen to be selected. However, the
quantity of hitumen desired may determine its grade.

¢ Modified type penetration macadam, RC~5 applied hot.

¢ To be mixed with sand but producing a flowable mix.



Table 14.—Standard sizes of coarse aggregute

Amounts finer than each laboratory sieve (square openings), pereent by weight.

Size Nominal size
No. sguare openings

4 inches
314 inches
3 inches
244 inches
2 inche

o

=
4 =
_gﬁggg-ﬁwﬁg
g | 2 | = | = | g | d1d]| &
Tl x| 2lzlz |27

314 to 1}3 inches
214 t0 134 inches ... _.._
215 to 34 inch.___
2tolinch_._ . _.
2 inches to No. 4. _.
144 to 84 inch.__.
134 inch to No. 4_{_
1to3ginch _____
1 inch to No. 4._
34 to 3 inch. ____ R
34 inch to No. 4.
87 inch to No. 8_{.
Lg inch to No. 4.
15 inch to No. 8.
4% inch to No. 8 |
No. 4to No. 16__

No.4to0! ____.

0-10|_C__
_._|10~30

1 Screenings.

ments should be the same as that in the
original surface.

Paint-patching or seal-patching is a
form of preventive maintenance applied
to small areas that show signs of de-
terioration. A thin surface treatment of
bitumen is applied and covered with fine
stone chips, pea stone, or coarse sand
and then rolled with a light roller.

Low-type surfaces with extensive areas

in bad condition should be scarified and .

reworked. The reworked surface is
sealed with bituminous material.

Types of ireaiment

Nearly all types of bituminous surface
need at least a fresh seal coat from time
to time as the bitumen oXidizes and small
cracks form, permitting moisture to enter
the surface. One of thrce types of sur-
face treatments may be applied:

1, Light surface treatment consisting
of a single applieation of a bitumen with
or without a mineral aggregate cover.
The work is sometimes called seal-coat
application.

2, Heavy surface treatment consisting
of single, double, or triple application of
bitumen, each with a mineral cover of
coarse-graded aggregate. This work is
sometimes called penetration-type sur-
face treatment, armor ceat, or oil-mat
treatment.

216

3. Drag surface treatment consists of
applying a prime or tack coat to the pre-
pared surface, spreading mineral aggre-
gate, applying the bifuminous binder,
and manipulating the eourse to form an
intimate mixture of aggregate and bitu-
men.  Such work is sometimes called a
retread treatment, ‘

in patching high-type bifuminous surfaces, de-
feriorated material is excovated as shown
and o tack coaf is wvsvally applied to seal
off moisture. The hole is then filled with o
mixiure similar to the original surfacing.

Slipperiness

Slipperiness in a bituminous pavement
usually results from an excess of bitumen
at the surface, Prompt action should be
itaken to correct slipperiness, A modifica-
tion of the surface-treatiment process has
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been used successfully. A light oil is

applied and covered with angular aggre-

gate to roughen the surface. In gevere

©eases a drag treatment or a complete re-

working of the surface may be required.
Extensive need of repairs to a high-
type bituminous surface is often the re-
sull of inadequate base or sub-hase or a
poor subgrade. When failures are due
10 such causes, it is necegsary to rebuild
the entire area affected, from the founda-
tion up. Freguently it is necessary to
install additional drains to remove excess
moisture. In old pavements failure may
result from oxidation of the bitumen.

Portland Cement Concrefe

Maintenance of cement concrete pave-

.ments congists, in greater part, of filling

and sealing joints and cracks, generally
with asphaltic cements, and the drainage
of excessive moisture from the subgrade

by the installation and maintenance of
.proper drainage. facilities,

Free water
in the subgrade in sufficient quantity and
in combination with unfavorable soils
tends to produce so-called “pumping” at

the joints, and the pavement cracks under
the action of heavy traffic loads.

All breaks in the surface must be re-
paired promptly. On spalled, scaled, or
cracked areas where only the surface is
affected, a bituminous application, ecov-
ered with stone chips, may be applied.
Where thicker patching is neeessary, bi-
tfuminong premixed materials are used.
Small areas of badly disintegrated or
broken concrete are usually cut out to
full depth and replaced by properly rein-
forced new concrete, . Settlcment of
slabs, generally cansed by subgrade fail-
ure or by “pumping,” can be rectified by
mud-jacking the slab back to proper ele-
vation. This involves drilling holes in
the pavement and pumping under it a
{lurry of loam, eement, and water, or of
asphaltic materials. - Expansion of the
concrete may cause shattered areas which
must be replaced either by new cement
concrete or bituminous mixtures.

Moterials

As an economy measure local materiils
wherever they are available

are used

Bituminous-freated gravel surface being broken up by one pass of scorifier and pulverizing ma-
chine, “large pieces of surface material af left of machine will be broken up lo proper size

on next frip, which overlaps previous pass.

Tractor pulled, the machine operates at 15 miles

per hour, pulverizing a 6-foot strip to a depth of 6 inches.

829193°—49——15
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and of satisfactory guality. Mainte-
iiance engineers examine prospective
sources of materials and submit samples
to the testing engineer for analysis and
a report as to whether they meet the re-
quirements of established specifications.
The following, based on Nation-wide
averages, ig an indication of the quanti-
ties and kinds of materials used annually
in the maintenance of 1,000 miles of rep-
resentative State highways of which 17
percent are unsurfaced; 25 percent soil-
aggregate (gravel or equivalent) ; 31 per-
cent low- and medinm-type bituminous;
and 27 percent are high-{ype pavement:

Material Quantity
Crack seal (gallons)__________ 16, 519
Bituminous mix (tons) ________ 027
Bituminous material, liguid
(gallons)y . 244, 199
Cement (barrels)_._____.______ 628
Chlorides (tons)._ . ____ 153
Stone (tONS)Y oo 11, 238
Gravel (tons) o _______ 19, 337
Sand (tons) o ____ 2 742
Paint (gallons)y . . ____. 4, 259

Lumber (Mbf) . ____ 97
Pipe (linear feet) . _______.__
Traffic signs

Maintenance Equipment

Highway maintenance work is highly
mechanized. Development of mechani-
cal aids has been gradual as the necessity
arose for doing more work with limited
forces.

Suitabiiity of egquipment

The problem of determining the most
suitable equipment for accomplishing a
specific operation includes consgideration
of the utility of the cquipment in other
operations. A committee of the High-
way Research Board has obtained from
the 48 State highway departments, views
as to the suitability of equipment for
different purposes. Table 15 lists the
recommendations concurred in by a ma-
jority of the highway departments re-
garding the most suitable types of equip-
ment for the performance of each of 39
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highway maintenance operations, classi-

fied according to highway elements.

Aytomobiles and trucks

One piece of essential equipment, not
listed in the table, is the automobile. It
is used in the supervision and inspection
of road operations and in the transpor-
tation of workers. 1In the last few years
some highway departments have installed
two-way radiotelephones in supervisor’s
cars, trucks, and snow-removal equip-
ment. These installations are particu-
larly useful during floods and heavy
snowfalls.

A widely used piece of equipment is
the light truck of 1% or 2 tons capacity.
They are used in haunling material to stock
piles for both summer and winter main-
tenance, placing abrasives on icy pave-
ments, and in delivering bituminous
patehing material directly to the place of
use. They are also used on shoulders, on
the roadside, in the hauling of riprap
and other protective material, and in
painting and erection of road signs. They
have. general utility in haunling men to
work and in pulling road drags or tow-
type graders, although the latter use may
cause excessive wear.

Heavier trucks are generally used for
winter snow plowing and in transperta-
tion of crushed stone, gravel, borrow ma-
terial, and other materials where there
is a haul of some length.

The heavy-duty trailer for transport-
ing equipment and various heavy loads
relatively long distances is very impor—
tant in mechanized maintenance. It is
particularly useful when heavy equip-
ment must be assembled to meet an
emergency such as a slide or washout.
The trailer is nsually towed by truck. If
considerable use it made of a trailer, the
tractos-truck semitrailer combination is
a desirable unit,

Drags and graders

The road drag is used almost exclu-
sively for filling in ruts and smoothing
surfaces. The road maintainer per-
forms the same work and, in addition,
mixes surface materials more intimately
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and thus, under certain conditions, pro-
duces a more stable surface. Since
the maintainer is wheel-mounted, it is
more portable than the drag.

The road grader has long been one of
the most important pieces of maintenance
equipment. It is used extensively for
maintaining soil-aggregate surfaces, low-
type bituminous surfaces, shoulders,
roadstdes, and drainage channels, The
grader is especially useful in egtablishing
and maintaining a crown on soil-aggre-
gate surfaces, It is adaptable to earth-
moving and grading work, for scarifying
road surfaces, trimming slopes, and
removing snow and ice, '

Both sel-propelled motor graders and
tow graders pulled by a truck or tractor
are uged. The tractor may be either of
crawler or wheel type. Hach machine will
perform work similar to that aceom-
plished by the drags and maintainers and
hag other uses. :

Loaders

The loader is useful where either ag-
gregates or carth is to be placed in trucks.

Certain types are adaptable to loading ;

while in motion. Belt, bucket, and scoop
types are in use. This machine is useful
in surface, shoulder, roadside, and drain-
age work in loading excess shoulder and
ditch materials, and in removing snow
and ice. In the last few years highway
departments have made much greater use
of loaders.

Power shovels

The power shovel with its several varia-
tions—the dragline, elamshell bucket, and
crane—ig uscd primarily for loading
earth and handling material, It is used
for heavy work such as removal of de-
brig after floods, hurricanes, and torna-
does, and for removal of landslides which
oceur frequently in mountainous areas,
In normal work it is sometimes used in
the repair and maintenanee of the trav-
eled wdy, shoulders, roadsides, and for
snow removal.

The 14-cubic-yard capacity, crawler-
mounted shovel is preferred for use in
maintenance ; however, the truck-mounted
shovel has greater mobility and does not

require a separate auxiliary piece of
eguipment—the trailer—for transporta-
tion.

‘Spreaders

A variey of devices are available for
attachment to trucks for uniform spread-
ing of aggregates on surfaces and shoul-
ders and in applying abrasives to icy
pavements, They are particularly useful
in surface-treatmeni work. Specially de-
gigned spreaders are used in applying

chemicals to goil-aggregate surfaces.

Rollers

The 3-wheel steel roller is suitable for
practically all of the rolling required in
maintenance. The 10-ton roller i snitable
for soil compaction and for rolling ag-
gregate courses. The 5- to 8ton tandem
stecl-wheel roller is popular for compact-
ing patches. The pneumatic-tired roller
ig used for compaction of hitnminous sur-
faces when the depth of retreatment ig
1 inch or more.

Bituminous equipment

A bituminous distributor is essential in
the maintenance of bituminous surfaces,
Surface treatments must be applied at
suitable intervals. 'The distributor should
be truck-mounted, have a eapacity of 800
to 1,200 gallong, and be equipped with
a power spray that is readily controlled.

Bituminous kettles are used extensively
in maintaining bituminoug surfaces of all
types, and in filling joints and cracks ir
portland cement concrete surfaces and in
block pavements.

The kettles are used to heat bituminous
materials to the desired temperature and
are equipped with discharge valves. Fre.
quently a kettle is equipped with a pres.
sure spray device for applying bifumen.

Tractors

Traetors are uged in a variety of main-
tenance operations. DBoth the crawler and
wheel type are used. The crawler type
with dozer attachment is principally an
earth mover, but it may be uaged to fow
scrapers, graderg, and rooters. Snow-
plowing attachments are available so that
the tractor may be used to remove snow,
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Table 15.—Equipment classification by type of su rface and:-miscellaneous work
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Commpressors, air:
105-cubic-féot capacity
210-cubic-{oot capacity
315-cubic-foot capacity. .

Disks:

Road type, heavy duty. .. ___
Motor grader attachment _
Orchard type .. __

Distributors (bituminous):
300- to 600-gallon trailer.
800- to 1,200-gallon truck.

Dozers: Angle and bulldozers. ..

Graders:

Motor grader, 35 to 55 horsepower with 10- to 12-

footblade .. ___ .. ... X b4
Motor grader, 60 plus hursepower with 12- to 14-

foot blade X XXX

X X

X X
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Blade, tow type 8 to 12-foot_._
Heaters:

Tank car, steam_

Booster, retort.__
Kettles (2-whcel trailer moum)

Aspbalt heating, 100- to 300-gallon capacity.__.

Asgphalt heating, 300- to 550-gallon capacity._.
Loaders:

Belt conveyor (stationary loading) . _..__________.. X X

Belt conveyor (travel type)..._. .. __..

Belt conveyor (motor grader attachment)

Bucket conveyor

Tractor front-end._ _ el
Maintainer:

2 blade, pneumatic-tired. . _..._

Home-made drag

X XX X

b g P .4 o - OV Ry ROy ROy Ay NP Oy oy Y - 4 FO

'
T
v
'
)
v
'
v
'
'
‘
]
s
[
|
T
'
T
I

[ oG D4 R S - P N . R S V) APPSO RO U RS O Oy ) S DS

i
'
T
'
'
'
v
]
1
H
T
'

— om




1zz

Mixers:
Bituminous
Concrete

Mowers:

. Tractor type
Tow lype.__

Mud-jack

Plant: Gravel producin,

Plows, snow:
One-way type
Reversible type__
V-type, on truck
Rotary type-...___...
V-type, on motor grader.
V-type, on tractor

Pumps:

“entrifugal, 2- to 4-inch diameter_
Diaphragm, 4-inch diztneter

Rollers:

Pneumatic. ... ... . ___
Three wheel, 5 to 10 tons__
Power portai)le, 214 tons minimum._
T'ow type, portable; 2 to 5 tons___
Tandem, 5 to 10 tons_.

Scraper: Carry-all, 5- to 7-cu

Shovels:

Crawler type, L4-cubic yard capacity.
Truck mount, ¥4-cubic yard capacity._..
Truck mount, $4-cubic yard capacity.

Spray rig: High pressure, 200 to 400 gallons.

Bpreaders, sand or chip:
Hopper type with feed roll
Gravity type..._...____
Rotary disk type __. .

Sweepers (brooms):
Tractor attachmment, rotary -
Power driven, rotary____

yard capac

Water, 700~ to 1,000-gallon capacity____.___________ X
Tractors:

Track-laying type 25 to 98 horsepower . _________._ X

Wheel type, 15 to 45 plus horsepower .______..._._ x

Trafflc stripe machine:
Truck push type.__
Hand propelled type.. ... ____ [

Trueks:

Dump body, 134- to 2-ton capacity
Dump body, 3- to 6-ton capacity
Dump body, 2- to i-ton capacily,
Express body, 14 to ¥4-ton capacity._
Stake body, 114 to 3-ton capacity -
‘Welding generator: 200 to 300 amperes.._ .. _____......'..

X
wheel drive.._[X




Motor-pofrol grader shaping an eroded embonkment.

The wheel tractor is faster moving and
usually of lighter weight. It iz exten-
gively used with an attachment for mow-
ing the roadside. Other attachments in-
clude front-end loaders, hoists, and rotary
brooms, all of which are useful.

The air compressor with air-operated
toolg is used in removing pavement,
tamping backfill, and drilling holes. The
disk harrow ig used for disking and mix-
ing surface materials, particularly low-
type bituminous surfaces. It may be at-
tached to a motor grader or may be
pulled by a truck.

Mixers

Bituminous and concrete mixers are
used to mix aggregate with the ccmenting
agent. A single mixer iy sometimes used
to make both bituminous and portiand
cement mixtures when they are needed in
small quantity, However, the machines
for mixing the two types of surfacing
material in large guantity are quite dif-
ferent in character.

In the maintenance of bituminous sur-
faces, it is common practice to prepare
mixtures for use in patching and store
them until needed. A popular machine
for producing cold mixtures produces
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~cluding emulsions,

batches of from 10 to 14 cubic feet, The
lirger size will produce 150 tons a day.
This machine will mix aggregate with all
standard types of cold-mix binders, in-
cut-back asphalts,
powdered asphalts, or tars. Another type

of equipment for producing bituminous

mixes for maintenance work is provided
with heating and drying apparatus for
producing hot bituminous concrete, The
capacity of this machine is from 10 to
20 tons per hour, depending upon the
time required to dry the aggregate. Each
of the above pieces of equipment is self-
contained and portable. Xrcction and dis-
mantling can be accomplished in & short
time. Mixtures can be produced that will
remain workable for several days or, if
necessury, for several wecks,

Crushers

Aggregate-crushing plants are operated
by many highway departments. There are
a number of types of crushers; the jaw
crusher, the roller erusher, the cone-type
crusher, the gyratory crusher, and the
hammer pulverizer. The selection of the
type depends npon the type of material
being crushed, the size of the finished ag-
gregate desirved, and whether large or




Aggregate spreading machine vsed in bitumi~
nous surface freafment and in ice treotment
operations. ”

sinall guantities are to be produced.
When crushed, the aggregate iz usually
screened into various sizes. Portable
crushing, screening, and loading plants
are useful in producing aggregates for the
maintenance of certain types of soil-ag-
gregate surfaces and for all types of bi-
tuminous surfaces, Aggregates are also
used in maintaining portland cement
concrete surfaces and shoulders.

:.Pavement-marking machines

Pavement-marking machines of a vari-
ety of types are used to place lane mark-
ings on all types of surface sufficiently
smooth and firn to retain the marking.
Machines shounld be able to paint double-
stripe solid or-broken lines in white or

Cyellow. A machine recently developed
is described as follows; The apparatus
is mounted on a 2-ton truck with a steel

.body. "An A frame extends 15 feet in

front of the truck to which it attached a

. swivel-mounted guide wheel to be uged in

guiding the truck. Two 60-gallon tanks
supply the paint. A converted 100-horse-
power V-8 gasoline engine provides com-
pressed air. ; ‘

The spraying unit is placed on a 2-
wheel trailer and is operated at 60-pound
pressure. 'Three stripes can be painted
simultaneously, using two different colors
of paint if desired. Width of stripe can
be varied from 4 to 6 inches or a single
18inch stripe can be applied. On both
sides of each spray nozele there are flat-
tened funnels that direct blasts of air
against the pavement to confine the spray
of paint within the width désired. This |

Pavement-marking machine painfing a double line.
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Pressure distributor applying bitumen during surface treatment operations.

mzachine operates at speeds of from 10
to 20 miles per hour.

There are several highly useful mainte-
nance machines not listed in the table.
One such machine is the electro-magnetie
“nail picker” which 'is used by muny
highway departments having a large mile-
age of soil-aggregate surfaces. Nuils,
tacks, and pieces of metal are dropped on
these surfaces and must he removed
mechanically. The saving to the road user
in reduction of tire damage far exceeds
the cost of the equipment and its opera-
tion.

Asphalt equipment

Several types of mechanieal equipment
are used to prepare liquid asphalts when
they cannot be obtained readily from
commercial sourees. These machines con-
sist of a series of pipes and valves through
which liguids are pumped and mixed with
asphalt cement. The mixing process is
carried on at a relatively low temperature
and the liguid material is stored in con-
venient tanks. The manufacturing proc-
ess can. be performed near the mainte-
nanee Job. The principal ligquid asphalts
g0 manufactured are asphalf emulsion, in
which water is mixed with the asphalt ce-
ment, and cut-back asphalt, in which a
light distillate is used to convert the as-
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phaltic cement to a fluid. The ligquid as-
phalts thus produced can be uscd on all
types of operations involving maintenance
of bituminous pavements.

Bridge Maintenance

Bridge maintenance is a special field
of operation that is handled by traveling
crews of highly skilled workmen well
equipped with portable apparatus. Crews
perform such duties as cleaning steel by
sand blasting, painting by hand and by
Spraying, and strengthening or replacing
damaged bridge members. Some of these
crews have eguipment that is egual to or
better than that found in the average
small machine shop. -

The State of Florida operates what
they call a heavy bridge-maintenance re-
pair unit. It consists of a service truek,
an equipment truck, and a personnel
trailer. The service truck is equipped
with a power take-off and a boom., The
2-fon equipment truck has a completely
cnclosed metal body. It has “voll-top”
sliding doors on the sides and hinged
doors on the rear. The truck is equipped
with a 3800-ampere arc-welding outfit, a
9-inch, lathe, a drill press, compartments
for small tools and supplies, an acetylene
cutting and welding outfit, a beam light,
a bench vise, and a pipe vise. There are




equipment in  order,

also a 105-eubic foot air compressor, air
tools, and a hose reel.

Snow Removal

Snow removal is an important opera-
tion for all maintenance forces in the
northern half of the United States, All
main highways and most of the surfaced
secondary roads are kept open for travel.

" As the geason of iecing and snowfall ap-

proaches the maintenance department
gets its snow removal and ice treatment
Snowplows are
mounted on trucks, sand or cinders for
use on slippery surfaces are stockpiled,
and personnel are given specific assign-
ments to earry out.

The: department must be ready for in-
stant action at whatever hour a storm
begins, Under permanent arrangements
with weather bureaus the maintenance
authorities are notified of approaching
storms and their probable intensity. Re-
moval of snow begins when the depth is
only 1 or 2 inches and continues until
snowfall ceases and roads are clear, Men
work day and night that traffic may
resume its movement,

Snowplows

Several types of snowplows.are used to
remove snow from the highway. For light
work, graders and light blade-type dis-
placement plows are adequate. V-type
and side-wing displacement plows are
suitable for moderately heavy work., For
extremely heavy work rotor-type plows
are generally used. The displacement-
type plow pushed by trucks is the most
widely used type of machine,

Light V-shaped and blade displucement
plows are often used to open the traveled
way for traffic, followed by rotary units
which blow the snow clear of the roadway.
Rotary plows and heavy tractor-propelled
V-plows are used extensively in deep
drifts on mountain passes. Use is also
made of side-wing plows and slice bars
for cutling down snow banks in deep
drifts.

Although the primary purpose of snow
removal is to enable traflic to move with
facility and safety, prompt removal algo

helps to preserve the road surface and
shoulders,

Draining the roadway

The snow should be pushed back from
the shoulders to facilitate the flow. of
water from melting snow into drainage
channels, Failure to remove snow from
the shoulders, and allowing a thin cover
of snow or ice to remain on the surface,
results in erosion on low and intermedi-
ate-type surfaces and loss of supporting
value, The water from thawing snow and
ice frequently runs along the edge of the
pavement, softening the shoulders and
allowing seepage under the pavement and
into the subgrade. This excess water may.
serve to build up ice layers, with resulting
frost heave, and often cannot drain away
through the ground because of an imper-
vious layer of frozen soil below, The
weakened road may quickly fail under
traffic, especially at the cdges of flexible-
type surfaces. It is now generally recog-
nized that it is less expensive maintenance
for snow-removal crews to preserve the
road by-draining the traveled way during
each thaw than to repair winter-damaged
surfaces and shoulders,

Sanding

Highways frequently become covered
with ice or a thin layer of packed snow,
rendering them impassable or extremely
dangerous to traffic even at slow speeds.
This can be remedied by spreading sand
or ecinders over the iee, thus restoring

A steam-cleaning unit preporing steel for poinf-
ing. Three such units are vsed on the Bay
Bridge af San Francisco. Calif.
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traction. For pavements other than port-
land cement concrete the ubrasive iy com-
monly mixed with ecalcium chloride or
sodinm chloride.

Cinders are preferred to sand by some
States, but are usually not available in
sufficient quantities. The chemicals are
used to assist in partially embedding the
abrasives by temporarily lowering the
freezing point,

The sand and chloride are generally
mixed and stock-piled at convenient
points or sheltered in bins to prevent the
weather from dissipating the salt and to
keep the materials from becoming caked.
‘Wherever possible the bins are placed in
positions that will expedite handling of
materials by gravity loading. Spreading

performed from trueks either by hand
shoveling or mechanieal spreaders, and di-
rectly from stock piles on short and iso-
lated sections, Because of the cost, treat-
ments are largely limited to steep grades,
curves, grade crossings, intersections, and

Table 16.—Equipment used to maintain 1,000 m

other dangerous places where acmdents
are most likely. to occur.

Equipment Needed for Road Sysfems

Reports have been obtained as to the

equipment used by State highway main- -

tenance .organizations and the mileage of
highway maintained. These data have
becn analyzed to estimate the average
amount of eguipment used to maintain
1,000 miles of primary or main highways.
Similar analyses have been made for
secondary roads from data provided by
28 counties selected as having high qual-
ity of maintenance performance. Re-
sults are shown in table 16. The values
of equipment given are present replace-
ment costs. .

The mileages of different types of high-
way surface composing eachk 1,000 miles
are shown in table 17. These are propor-
tionate to the mileages of actual surface

fles of highways by the average State highway

maintenance department and the average of 28 selected county maintenance departments

Secondary road system Primary road system
(eounty) (State)
Type of equipment
Number of | Estimated | Numberof | Estimated
units cost new units CO8t new
Automobiles (meludmg /é ton pick-up trucks) ... 5 $8,060 19 $30, 400
Brooms, power!___ e 2 ) AP, 2 2, 400
Compressors, air________________________..... - 2 10, 600 3 15, 000
l)istrlbutors, hituminous_________ ... - 1 6,000 2 12,000
Graders, pOwWer .o _ 7 56, 000 12 06, 000
QGraders, tow____ - 2 6, 000 10 30, 000
Heaters, tank car_ [ RN N, i 1, 000
Kettles, hituminous - 1 300 13 8, 800
Loaders. ... 1 2, 500 3 7, 500
Maintainers. 2 2,000 1 1,000
Mixers..____ 2 3, 600 4 7, 200
Mowers_._______ 3 4, 500 g 13, 500
Plants, crushing . .____ - 1 15, 000 1 15, 000
Plows, snow (displacement type). - £10 10, 000 245 45, 000
Rollers. . ..____ 2 10, DGO 6 30, 000
Shovels, power (cranes, cte.) 1 13, 000 2 26, 000
Spreaders_..__________ 2 2, 000 10 10, 000
Tanks, storage . . (U M 4 4, 800
Traciors, m‘awler and whe 5 27, 500 10 85, 000
Trafic line markers. ... e h I 1 2.0
Trueks, 114 10 2 tons 22 44, 000 16 32, 000
Trucks, over 2 tons.. - 5 20, 500 44 198, 000
Trailers .. ... - 2 &, 000 3 A
Welding machines - 1 2, 600 1 2, 600
Other major equipment_ . e 5 4, 450 20 15, 750
Total el 82 253, 450 240 668, 450
Total annual average mamtenance expenditure . |__.______._. 197,000 | ___________ 655, 000
Ratio of equipment cost new to annual e‘(pendlture__,; ,,,,,,,,,,,, 128 1.02
{ .

1 See table 17 for break-down by types.

2 Snowplow equipment would be used only in cold climates,

226

Gl




e

in the road system for which data were
obtained, ‘

Primary roads

An average of 240 pieces of major
equipment that would now cost $668,450
i being used to maintain each 1,000 miles
of our primary roads. The average an-
nual expenditure made on this milcage,
including an appropriate charge for equip-
ment, was $655,000.. An equipment invest-

ment of $1.02 is made for cach $1.00 of

annual primary road maintenance ex-
penditure,

On the primary systerhs, 17 percent of
the' roads maintained are nounsurfaced,
25 percent are soil-aggregate roads (grav-
el or equivalent), and 58 percent are low-
type bituminous surfaces or better,

Secondary roads

In the 28 selected countics, an average
of 82 pieces of major equipment, af an
estimated cost new of $253,450, are being
used to maintain each 1,000 miles of
secondary roads, with an average an-
nual expenditure of $197,000. An equip-
ment investment of $1.28 is made for
each $1.00 of annual expenditures for
maintenance. Fifty-seven percent of
the secondary roads maintained are
nonsurfaced, 35 percent are sgoil-aggre-
gate, and 8 percent are low-type bitumi-
nous surface or better.

There is a marked difference in the
rates of expenditure on primary and sec-
ondary roads. This is due to differences
in types of roads maintained, the inten-
sity of usage, and to standards of service
egtablished.

On the average, one equipment unit is
provided for each 4.2 miles of primary

roads. There ig only one unit in use for

each 12.2 mileg of secondary roads in-the

selected counties, Outlay of equipment

for secondary roads would have to be -
increased to maintain them in the conii-

tion that primary roads are kept.

A recent analysis of data from 402
counties is more indicative of the prob-
able average maintenance level on sec-
ondary roads in the United States.
There counties used 46 equipment wnits
per 1,000 miles of road, or one unit per
24 miles. The estimated cost new of ‘the
46 units was $196,190, against an average
annual total maintenance expenditure of
$169,000.

Economy in proper equipment

Observations of equipment performance
indicate that it i8 possible to increase the
productivity of the maintenance dollar
with well gelected equipment in proper
working condition. Increased use of me-
chanical methods in performing mainte-
nance work appears to be a principal

means of catching up with present high-

way maintenance requirements,

A good example of the saving in cost
of highway maintenance by the use of
equipment rather than hand methods is
illustrated in the filling of joints and
cracks in portland cement concrete sur-
faces. One State highway department
has determined that substitution of me-
chanieal for hand methods reduced the
cost of performing this work by 45 per-

- cent.. The rate of output, with the same

niimber of men, was doubled.

Another cxample of savings is shown
in roadside and drainage maintenance.
With hand labor the cost of leading ma-
terial trimmed from ditches amounted to

Table 17 —Surface-type classification of average 1,000 miles of highways maintained by
State highway deparbmenis and by 28 selected counties

Becondary road system | Primary road system
(county) (State)
Surface type

Miles Percent Miles Percent
Unimproved (monsurfaced) ... oo cceeea 570 1 57 170 17
Soil-aggregate (gravel or equivalent, - 350 35 250 25
Low-type bituminous or better. 80 8 580 58
TOtAL. - o et e e e e 1, 000 100 1, 000 100
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from 90 cents to $1 per cubic yard. With
a machine the cost was 64 cents per cubic
yard. ‘This represents a saving of
approximately 33 percent.

Influence of Mainienance on
Highway Design

Maintenance engineers are increasingly
aware of the desirability of assembling
data on maintenance experience under the
wide variety of conditions that exist,
analyzing the data, and reporting conclu-
sions. Accurate comparisons of costs and

effectiveness of different methods are nee-

essary if progress is to be made. The
amount of work required to maintain
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each particular type of surface is an im-
portant element in fype selection by the
highway designer. Whenever a highway

' is to be reconstructed the designer should

not overlook the store of important know!l-
edge on drainage, erosion, soil character-
istics, and snow drifting.that has. been
accumulated by the maintenance men.
Twenty-five States now provide that the
engineer in charge of maintenance shall
review and ecriticize highway plans be-
fore they are finally approved. The main-
tenance engineer spends his entire time
on roads in use, observing and correcting
their deficiencies. He knows the weak-
nesses of past designs and can improve
those of the future.
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