Highway Englneering in the United States
By Thos. H. MacDonald, Chief, U. S. Bureau of Public Roads.

Differences between the practice of highway engineering in the

. United States and in other countries are due mainly to three causes:

| The comparative youth and rapid settlement of the Country; the

| coincidence of its period of maximum expansion of settlement with
the railroad era; and the rapid development and wide utilimtion of
the motor vehicle.

It is only three hundred years since the first settlement was
planted on the shores oif the Atlantic. For half that period - the
colonial era - there was practically no penetration west of the
Allegheny Mountains, and to the population that spread along the
coast the water courses were the principal highways. Then roads
were mere cleared ways through the virgin forest.

After the establishment of the Republic there was instant
recognition of the need for roads to link together physically the
thirteen colonies that nad merged their interests in the common Federal
government, and also to open the vast unsettled areas west of the
eastern mountains.

For three decsades tnere was & considerable activity in the con-
gtruction of roads. Hundreds of turnpike companies were chartered,
and the building of stone roads began in accordance with the ideas
end methods then current in England. The new State of Kentucky,
recently carved out of the wilderness of the Ohio River Valley, as

one of its first acts, established a department of highways under
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engineering control, rema,rk:ably like the State departments under
which the great advance of recent years has been made. The Federe.l
government itself, embarked ambitiously upon the canstmction of 'ohe
National Pike, which was doubtless inte‘nded to be only the first of -
system of national highways. | | R

Into this situation came the railroad; and effective road building
ceaged. The Federal government abandoned plans for the surfa,cing of
the western end of the National Pike in the belief that the grade
would eventually serve a railroad.- It backed the private promotion
of rail arteries by prodigal grants of public land States mortga.ged
themselves, and exhausted their credit to hasten‘ the buil&ing of the
new lineg of communication. There is no doubt that éoverment and
people alike supposed that ihe railroads would eventual}.y become the
universal means of communication, (iisplacing all but the most 1ocal
of wagon roeds. The hundreds of short liﬁes projected, buivlt‘,‘ a.nd
since abandoned prove that. | -

In the older Bast towns that had Sprung up and grown ‘oy virtue
of their commanding location on the ploneer wagon roa&s withered auﬁ. died
because they were not favored ‘by the surveyors of the railreads. In
many instances they were moved from their old locations to othere in
order to benefit by the new order in transportation. 'I.‘he wa.gon roa.ds
remained, and as population thickened their mileage kim'_:z‘-ease@.» The\
Joining of the roads of each commnity formed a cozmec:te& net work |

the mesh of which became progressively closer as the country grew,
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but these roads were viewed as mere neighborhood lanes. For more

Waatl

distant travel each community had or hoped to have a rail conﬂection‘h
with a1l others. The revenues of the turnpike companies dwindled tc/ﬁ
the venishing point. One by one they abandoned their unprofitable
investgents and these nmein highways es well as the lesser local roé&s
reverted to public control. The Federal and State governments washéd
their hands of them and they fell under the administration of the
authorities of the counties snd townships, the smmllest df political
gubdivisions, and under such local adminictration they all remained
for upwards of & half century. |

In all thet period no effective general effort was made to
ismrove them, Those which had originally been graded and drained |
and surfaced were allowed to deteriorate until they became practically
indistinguishable from the much greater mileage that the engineer had
never touched., To ithis result the natural inability of minor
elective officials to cope with an engineering work was ohly 6ne'§f
the contridbuting factors. There were also the moderate reguiraments
of local wagon trevel; the complacency of a peoplé willing to tdiéfate
small inconvenience of travel within the locality‘if only’thékmore
'pressing needs of long-distance travsl were finally met by'railraad
connection;  the consiant expectation that the &eficiencies that were.
':actuaily felt would soon be rectified by the laying of rails; and sbove
~all the very limited revenues available for road<purpdses. To keep

the roads barely passable; to fill the worst mudholes; to cast out
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the largest rocks; to reduce slightly the steepeat grades; these ¥
all that were or could be done, and &ll infect, that were gmmr&ﬂ

In the Middle West the early mituation aund the course of dm
was somewnat different, but the final result was the same. Acrass
greatl central area between the Allegheny and the Roocky Mountains,::
by the Kississippl and its two mein tributerisg, the Missouri and.
Ohio, there existed before the coming of the railroads s limited m
of made wagon roads in the section sast of the Mipsiseippi. Beyon
tiie Father of Waters there were only a few routes of exploration,
tracks marked by the wheels of the prairie schooners of thu.-mim
as they pushed their tollsome way westward toward the few known pm
through the forbidding barriers of the high and rugeed western mow
chaine lured by the promiee of wealth that lsy in the furs of Oregt
the gold of California.

Bast of the Missiselppl the pre-railrcad situation was more
nearly similar to that of the eastern seaboard. Towng alresady m:
toeir location determined mainly by the navigable watercourses, ¥
of the great river there wae nothing but a vasi level plain ecrogsed
by the few westward winding trails, along which at long intervals
were small rest posts and forts for defense agminst the Indians.

The first transcontinental railroads promptly occupied mzm
of the old trails; and, easzed of its greater difficulties, the sett
of the west began in earnest and continued at an unprecedented pace

accelerated by the liberal sgrarian peolicy of the Federal governmen



The vast, almost level plain, uniformly arable was carved by the
government into square - mile rectangular sections, the borders of
which were invairably reserved as highway right of ways, and as the land
was taken up by settlers most of these right of ways actually came into
use as wagon roads, and still remain as public highwayﬁ) féumeroua
beyond any reasonable need of the present day, indirect i£ the exireme
for long-distance travel, and a heavy burden upon the public itreasuries.
But when these roads were laid ouf there was no intention that they
gshould ever serve a more than locasl usage. They were intended merely
to give access to the rectangular farms; and those who occupied the
farms 28 well as the government that laid them out envisagzed the day
when the needs of long~distance travel and transportation would be
served by railroads yet to come to & degree far more complete has

sver been realiged,

On a map these section-bordering roads would appear as & vast

rectangular highway system, but no one thought of them in that way.

On the contrary, they were regsrded and used merely as loecal lanes,

and a5 guch they reguired and received no attention beyond the absolute
minimum required to keep them passable ~ here, as iz the East, at

the hands of the local suthorities.

In the Far West, beyond the Rocky ¥ountains, the development of
roads was mcre similer to the BEastern growth. Herefagain%fiha
boundless prairies yast:wmountain walls hemmed in the spfead of
population, and watercourses gave it direction. Ths roads followed,

But here, from the beginning, the public attitude was framed with

knowledge of the railroad, and not, &s in the sast, in ignorance
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£ its coming. Into the more remote and least habitable portions

L3

T thig grest area railroads have never penetrated to this day; the

o

wagon rofd iz the only means of communieation, and it is generally
a2 mere trail. Where there was possibility of rail service the road
was vegarded as in the other sections of the country as of local
igporiance only; and where it was actually the only feasible means
»f mcecess population has always been so sparse and revenues consequently
so iimited in proportion to the great distances to be traversed that
improvement by the States or locmlities has been financially 1mpcuﬁ1b10§
S0 it happened, that between 1830 and 1890 the public roads of
the United States increased to upwards of two million miles and none
outside the immediste vicinity of a few of the larger cities was
surfaced or otherwise improved beyond the most essential requirements
to preserve passability. In all that period engineers had practically
no concern with their construction oy even their locetion except as
the latter was entailed by land sub-division or the development
and explortation of natural rescurces,.
Tne first stirring of a renewed public interest in the condition
of the roads sppeared when the bicycle came into use. The roasds
that hed sufficed for a half century of plodding use by horse«drawn
vehicles wore far from eonducive to the pleasures of cycling. As
nearly every one soon came to bicycle ownership there arose a strong
publie demand for road improvement, directed first to the local authorities
in whom suthority was vested. When these were found incsgeble of

adequate response sentiment crystallized in favor of the creation of
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State agencies, manned Dy engineers, capable of advising the local
authorities in regard to the best methods of road construction and
maintenance, and by grants of State funds to assist in carrying out the
advised improvements, | “ R
The first of such agencies, the foferunner of the present State
highway departments, was established in New Jersey in 1891. ¥assachusetts
followed within a year, and its scientificalliy-minded commission was
instrumental, to a greater extent than that of pérhaps*any other Séate,
in reviving the art of rozd construction in the United St&tes and in
the training of czpable highway engineers.
In 1893 a2 memorisl addressed by the League of Aﬁerican ¥heelmen
to Congress led that body to anthorize the Secretéry of‘Agriéalture
to make inguiries concerning the best methods of rogd éanstruction
and maintenance ard to disseminate the informatioﬁ he otiained. T§
caerry out the duty thus laid upon him the Secretary created within
the Department of Agriculture 8 small Office of Road Inqpiry-nécessarily
small, since the annual appropriation by Congress uas‘cnly‘$10,500-
and thus was begun the work of investigation, education, and éo;fdinatisn,
which has been continued and is now carried on by the Bﬁreaﬁ GfrPublic Roads.
In thege three establishments - the.highway ﬁepartmeacs of’ﬁéw Jergey
and Massachusetts, and the Federam]l Office of Réad Iﬁquiry - there #as
the genesis of all that has made the profession of highway engineering
what it is today ia the United States: The adoption of the principle
of Btate aid, later to be expanded into Federal aid; the inaugurstion

of systemmtic investigation of methods most applicable to the conditiom

of the country; and the creation of an agency for the prompt spreading
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of whatever knowledge might be gained anywhere, from Staté to §t§;; 
#nd throughout the country. o T

In the decade that followed the ecreation of the first thréé age;ciel.
State highway deparitments were organized in eleven other Staten. their
form patterned upon the models of New Jeraey and Nhsaachusetts' the i
art and practice of road building were taken up where they had been
laid down by the contemporaries of McAdam; and some tentative effé*tl
were made to adapt the old methods to the conditions of the later day.

Not that conditions had greatly altered; in fact, they were bﬁé
little changed by the passage of seventy years. The foad was #till |
of local importance only, and so far as any one could see it woﬁld remain
so. The local authorities were still in control. The few State
governments which had manifested interest and the Federal governmnﬁiY’
offered advice mainly, supplemented on the part of ths States by :
nominal money aid as an inducement to accept the proffered adrice."’
But there was a new group of road users - principally the cyclists.
ut also in the later years a sprinkling of venturasomb motorists -
who wished to use the roade for pleasure; and from this group thare
wae already a complaint of the dustiness of stone and gravel road
surfaces, which bad started the American highway engineef’upoh hia
twenty - year search for new methods of road construction to maet the
needs of a changed and changing traffic ~ a traffic that wAS te grow at
& rate beyond all precedent and the most fantastic prophesy.

Viewing the year 1904 ae the beginning of the pariod of modern

highway construction, it will be well to see what was the condition
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of roads in the United States at that time. There were then in the
entire country 2,151,570 miles of public rural roads. Of this total
only 153,662 miles had been surfaced in any way, and the ﬁulk of this
surfaced mileage ~ 114, 8939 miles -~ consisted;éf roads topped with
gravel and less durable materials such as shell, and sand-clay @ixtures.
0f water-bound macadam roads there were 38,02 miles; and of t&pgs of
surfaces now considered superior to macadam there were in the whole
country Jjust 141 miles,. ;

S0, it will be seen that up to 1904 there had been no importﬁnt
¢hange in the methods of road construction which had been employed\for
a century or more. The major types of surfacing were gravel and
macadan, and elther was known to give entire satisfection under the
traffic normal to the country roads of the time. Other typees had been
developed and used in small mileage, such as the shell roads of the
tidewater Sfates and the sand-clay roads of the South, but the él&mﬂnt
of availability was the determining factor in the choice of such

- materiale rather than any differepce in the demsnds of traffic; and

the same element, in fact, largely determined the choice of the two
ma jor types.
Thus we find that there was a preponderance of gravel roads

in Michigen, Indiara, Illinois, Iowa, Wisconsin, Minnesota and the

Dakotas where gravel deposits were plentiful; and & preference for

g;one in Kentucky, West Virginia and others where suitable gravels

were scarce. JFrom New Jersey south, the Atlantie and Gulf States
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had built considerable mileages of oyster shell roadse; and the'
Southern States, in which there was a scarcity of other inateria.ls,
had developed the sand-clay type. Even the small miiea.ge of highe
type surfaces which had been constructed was doubtlese attributable
less to traffic demands than to the availability of the materials,
for of the total of 141 miles we find that 123 were paved with brick,
of which 104 miles were in the two States of Ohio and West Virginia
where brick was cheap and perhaps the most available local material.

Viewed broadly, the few types of surface constructed up to thie
time may all be considered as of one class, In the construction of
all the same principles governed; in all a fragmental mass wasz
bound together more or less firmly by & natural cement in the msnner
made familiar by a century of practice; and all alike depended for
their efficiency upon the conie principle of pressure transmission
by which they spread the vehicular loads and thus reduced tﬁe
intensity of pressure borane by the subgrade. N

That need was felt for no other kind of construction wa.s' due,
of course, to the fact that the traffic op all roads was mmch the
same. Even in the more populous States the greater part of the
traffic using the rcads consisted of relatively light horséu
drawn, steel-tired vehieles, to which were added near the cities
& bicycle traffic which, though it might attain considerable volume,
was never more than & negligible factor in determining the type of
surface.~ This was the normal traffic condition which existed

Practically up to 1904, What mekes that year a turning point in the
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highway higtory of ile United States is the fact that about that
time there began the great ouipouring of motor vehicles from the
cities which gquicxly set the intercity roads apart from others as
a8 class requiring different treatment.

The peculiar effect of the automobile on water-bound macadam
roads is so well known as to reguire no description and the manner
in which the road builders met the challenge by substituting tars
and asphalts for the weaker mineral binders has been an oft-told
tale. First as dust layers then as protective surface coatings,
then as binders intircduced into roads of the macadam type by penew
tration, and finally &s hot admixtures according to the biiuminoua-
concrete princicle, these materialk, borrowed from the stock in
trade of the city street bullder, solved the automobile problem in
2 manner which was apparently entirely satisfactory.

The effect of this development in the road building art ie
shown by comparison of the statistics of 1304 and 1914, the dates
which, to all inteunts and purposes, mark the beginning and crest of
the wave of early bituminous conetruction. In 1904, according to the
records, there were in the entire country only 18 miles of bituminous
raral roads, all in the two States of Maseachusetts and Ohlo, 3By
1914 there were 10,500 miles, 8 mileage which was nearly three«guarters
of the aggregate length of all roads of higher type than mecadam,
Thie was the first highwwater mark in the use of the lowef forme of

the bituminous types.
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Jen o years laver in 1924 - the mileage of surface~irested and
bituminous macadam roade was legs than 50 per cent of the mileage
of all tyoes betier than water-bound macadem, in comparison with the
75 per cent level reached in 1914, This was the trough of the wave.
Since 1924 there has been increasing need for the lighter bituminous
treatments, and in modified forms adapted to rapid comsiruction with
specialized equipment they are now being applied to large mileages of
gtone, gravel, sand-clay and topsoil surfaces., The reason for this
return to favor is not far to meek. Until 1924 or a few years before
it was only upon the main intercity roads and roads adjacent to cities
that traffic had reached a density sufficient to reguire and justify
bituminous treatment. In that year it was Just recogniged that the
increasing utilization of motor vehicles had given to a very large
mileage of lesser reade an asutomobile traffic of such density as to
create upon thie greatly increased mileage the same problem of dust
alleviation and ravel prevention that twenty years previously had
first been met on the maip ropda. What is being done to meet this
situation is a metter for leter discussicn in detail.

¥e are concerned now with the development of road types idu
general; and it is generally recognized thaet the low types of
bituminous construction, which came inte use with the development
of passenger automobile traffic are especielly adapted to that
class of traffic. The erstwhile relstive decline in their use began
when motor trucks in considerable numbers commenced to appear on the

principal highways; and coincidentally we find an increasing swing
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towerd the rigid pavements of concrete and brick and bituminous
concrete on & concrete base. The turning point was reached in 1914
ST merhaps a year or two earlier.

The first concreie pavement was built at Bellefontaine, Ohio,
in 1853, but up to 190% no more than 5 miles had been coustructed oh
rural highways in the entire country. In that year approximately 4
mmiles were built; in 1910 sbout 20 miles were added, the following
yvear 40 wiles, and then the first big increase occurred in 1812
when more than 200 miles of rural highways were paved, to‘be followed
im 23913 with 500 and in 1914 with more than 1,500 miles. At the close’
of the latter year theres were in the entire country 2,348 miles; and
Ly 1927 thne mileage had increased to 48,350 and coanstruction waa
wrocesding at the rate of more tusn 5,000 miles a year, & rate
szpproached by no other fype beiter than gravel.

The more extensive use of brick, and the bituminous pavementé
of the mized type on concrete base began at about the same time and
was due to the same cause - the inereased use of motor f;.mcks; In
13514 there were approximately 1,800 miles of brick pavemeat; in 1987
T here were 4,519, In 1914 the mileage of rural highwaye pa.ﬁed with

T ituminous concrete or sheet 2sphalt was still negligidle; in 1927

T hhere were more than 11,500 miles of these types.



