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THE HISTORY AND DEVEILOPMINT OF ROAD BUILDING IN THE UNITED STATES

By Thos. H. MacDonald, Chief of the Bureau of Public Roads

Between this Sesquicenteannial year and the founding of
the first colonial settlement at Jamestown the great event of
1776 stands almost at the midpoint of time. The men who gathered
in this city to affix their signatures to the Declaration of
Independence looked back upon a period of American history;a
little longer than that which has since unfdlded. At the/end
of their sesquicentennium the journeys they made from their
several homes were only slightly less arduous and time-consuming
than they would have been at its beginuing, Today, 150 years
later, the same journeys are made in hours instead of days and
days instead of weeks.

The Signers insisted that they acted for thirteen independent
States. Today, we find it difficult to conceive of the States as
geparate commonwealths possessing original anthority and yielding
only to a restricted power which they, themselves, have conferred
on the Federal Government. In the popular mind they have become
no more than the political subdivisions of the Republic.

To what extent was the form of our government, as originaliy
established, the preduct of inadequate facilities of,cpﬁmanication

between the Colonies: and what relation is thers betwesn the gradual
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transfer of authority to the Federal Government and the development
of the railroads, the telegraph and telephone, the radio, the motor
vehicle and the modern improved highways? I am convinced that we
vould be a wiser people if in the teaching of American history in
our schools more time were given to the study of such fundamental
economic questions, a2nd less to the lives and ambitions of political
leaders and the wars in which we have been involved by their
blundering.

As I read history 1 find it an absorbing pursuit to speculate
upon the effect of transportation in shaping our destinies as a |
nation. To what extent do we owe to the general improvement of
roads which followed immediately after the“Revolution, the preserve—
tion and gradual strengthening of the bond which precariously unite&'
the thirteen colonies?

What seeds of disunion are to be found in the fact that the
later movements of the people and the building of roads, canals,
and railroads were mainly westward both from the South and the
North; and that between the Hudson and the Mississippi not a single
major waterway runs north and south?

hat would now be the F¥estern boundary of the United States
if exploration znd travel over the Oregon trail had been delayed
by as mach as a decade?

What conception of the true role of the railways was held

by those who built the early roads? I am convinced that they
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thought of them as merely & new form of highway, to replace
entirely the common roads. No other conception and no less profound
ignorance of the economics of railway transportation can explain
the hundreds of thousands of short lines, without connection or
possibility of adequate revenue, which were bujilt. And no other
conception will account for the complete abandonment of the commoh
roads.
What importance as an underlying cause of the Civil War
attaches *o the fact that in 1850 there were less than 10,000
miles of such inadequately located railways in the entire country
and in 1860 but slightly more than 30,000 miles? And what, in
view of the general agreement that the South was starved into
submission, was the effect of the fact that in 1864 there were less
than 6000 miles of railway under Confederate control, all in &
state of utter disrepair? |
These are, to me, interesting historical speculations.
I find in the forces with which they are concerned a truer canéé :
of the course and progress of the nation than many of thﬂse §f 2 ;‘; ;
g purely political nature to which such importance has been‘éttachaéig
by the historianse | | -
And I derive amusement also, as weil as intellectual‘profif,
from this study of the history of transportation. Whenever I hear Vif
opposition expressed to the granting of franchises for the use df‘yfig
the public highways by common carrier motor trucké, I;thiakfbf~:;fvi;

the completeness with which the governor of Heﬂ‘Jersay~dispdg§drflf;; 
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of a similar complaint by the assembly in 1707. OFf the result
of this so-called monopoly he said:

"4t present everybody is sure, once a fortnight, to have
2n opportunity of sending any gquantitv of goods, graat or smal}.,k
at reasoasble rates, without being in danger of imposition; and |
the scnding of this wagon is so far from being a greivance or
monopoly, that by this means 2nd no other, a trade has been carried |
on between FPhiladelphia, Burlington, Amboy, and New York, which
.was never kmovwn before, snd in all probadbility never would have
been,"

Let the legal retainers of the pudblic service commigsions
strive as they may I can think of no. more adequate answer to the
numerous complaints, which it is their duty to answsr, than that,

4nd when I hear the fear expressed, as I frequently do,
that ‘the improvement of roads and their use by motor vehicles Wili AV
destroy the maginess of the railroads, I can aot tut remember t’fhe--‘
| instance cited by a citigen of this State in an essay he prepé:gd':“‘: :  ;
in 1891 in the hope of winning & prize offsred by the Universiay'.ﬂ‘ft.y“ |
of Pennsylvania. He was informed, so he savs, "by a gentlemn’i‘ni
the tusiness of furmishing road materisl that a prominent of_fiqia).,;
of a great railroad refused to deliver matsrial for him a% a point o
on their road where it would have been a great‘ coqvenianc,e to have» “
hed it, =204 gave as a reason that they did not wish to accomadaﬁc;,{e:

the turnpike company that waanted the material, as their road was =
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too good 2lrcsdy, ond was competing with the railroad te the
injury of their busiasss."

If, in 1891, bafore avcr the hoak of a motor hora had
disturbcd the gquist somuolance of the peaceful Pennsylvaiia country-
side a "prominant officisl of a great railvoad' could scent danger
in highway improv:moat, I am not surprised when in this day of
greatest railroad prosperity, other "prominent officials" betray
simil-r fears, but I woander whether by means of high rates on road
materials theystill hope to halt the proper development of highway
trensportationt

These are merely random historical allusions by way of
preface to tho spnaocific subject of my paper, which, as befitting
the charactoer of this mosting, is confined to a raview of the
developmant of hishway construction and maintenance from an eugip-
Eering point of view.

Fith the axception of the primitiva'streats of Jamestown 1o
roads were built in the colony of Virginia by the first settlerse
The settlemants vwere close to the river baiks and fear of Iandian
attack kept the colonists from wandsring far inland. The first
road law of the colony, which was also the first American law with
respect to highways, was passed by the General Assembly in 1632.

It provided for the iaying out of the simple ways which were required

by the snmall settlement in the following termu:
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"Highways shall be layd out in such convenient places as
are requisite accordings as the Governor and Counsell or the
Commissioners for the monthlie corts shall appoynt, or accordings
es the parishioners of every parish shall agree."

Brief and clementary as were its torms it was doubtless
entirely adequate for a community in ﬁhich, according to the
inventory of goods snd chattels made in 1825, there was but one
horse, and that in the posszssion of the governor.

The first New England law of record, and the second to be
passed in all America was camcted in Massachusetts in 163%. although
somerhat longer than the Virginia act its terms were similar in their

~general effect. It is notable from the point of wiew of the engineer,
however, as the first law in which there is any specification as to.f:
the msaner in which the roads were to be constructed. After providing
for the laying out of the roads by two or three men chosen from«évggy
town, and after carefully protecting the rights of property owners
from encroachment by the road builders, it lays upon the locators
this single injunction: that "in common grounds, or wherc the soil

is wet or miry, they shall lay out the ways the wider, 28 six, or
eight, or ten rods, or more in cbmmon grounds,®

In this law we find the first provision, loose and flexiblefy
ag it was, governing the width of the highways. 4s yet there ié

no definition of the manner in which the ways were to be made; end
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it 1s not uatil 1664 that we find in the regulations established
by the government qf New York the first definite prescription of
this nature. That part of thc rogulation was as follows:

"The highways to be cleared as follow:th, viz, the way to
be made clear of staading and lying trees, at least ten feet broad;
81l stumps and shrubs to be cut close by the ground. The trees
marked yearly on both sides - - sufficient bridges to be made and
kept over all marshy, swampy, and difficult dirty places, and
vhatever else ghall be thought more necessary about the highways
aforesaid."

But while we ses here the first legal definition of a
method to be followed it is probable that the regulation merely
ewmbodied the common practice of the day and that methods and |
practices very similar were followed in all the colcnies.

That but little advance had been made by the opening of the
eighteenth century is indicated by the Maryland law of 1704, which
contains much the same provisions with respect to clearing and
grubbing, and merely increases the width to twenty feet. This’law,
nowever, is of interest mainly because of its fifth section which
constitutes what is perhaps the first definite regulation for markihg’.,
of roads in America, and, incidentally, indicates how esasy it must
heve been to lose one's way on the reds tracks which served for'

roads. This curious provision was as follows:
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®V. 4nd that all the roads that lead to any Ferries,

Court-house of any County, or to any church, or leading through
any county %o the port of Annapolis, should be marked on both
sides the Road with Two Notches; if the Road lead to Annapolis,
the Road that leads there, at the leaving the other Road, shall
be marked on the face of the tree, in a smooth Place cut for that
purpose, with the letters A A set on with a Pair of Marking-Irous
and coloured; asnd so with Two Notches 21l along the Road; and where
at any Place it leaves any othar Road shall be again distinguished
with the Mark aforesaid, on the Face of the Tree, with a Pair of
¥erking-Irons, =nd coloured as aforesaid. 4And any road on the
Bastorn Shore iz Talbot County, that lexds to the pcrf of William-
Stadt st the entering of the same,and in parting with oi dividing
from any other Road, shall be mesrked on the face of a tree, in a
smooth place cut for that purvose, with the letter ¥, and so with
two notches all along the road. A4nd the Roads that lead to any
County Court-house, shall have two Notches on the Trees oz both
sides of the Road as aforesaid, =nd another Notch a Distance above
the other. 4and any Road that leads to =z Church, shall be marked
st the entrance into the same, and at the leaving any other Road,
vith a Slip cut down the Foce of the Tree, near the ground. Ard
any rozd leading to a Ferry, and dividing from other public roads,
shall be marked with Three Notches of ecqual distance at the Ehirance
into the same. 4nd thesc Rules and Hethods the several Justices of

the Couaty Gourts, shall, from Time to Time, give in charge to the
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overgeers of the Highw:ys, by them to be avpoiated for that purpose;
who z2re likewise cajoined carefully nad strictly to obssrve and
perform the same, under the Penalty aforesaid."

Along at least oie of these anciant roads in Southern Maryland,
still xnowu as the "Three Notch Road', notches, some of a remote
date, mey still be disccrued in ths bark of many of the oldest’oaks.

The law in which this odd provision was made constituted,
with minor amendments, the sole road legislation of the province
of ¥aryland for nearly three gencrations, afd Maryland was not more
beckward than the other colouniss. Indeed it must be said that
from the point of wview of the road builder the progress made during
the entire colonisl period was practically negligible, z2s may be
sesn from the following passages taken from the work of the Maryland
historian, Thomas Scharf:; " * ®* * yhare water routzs werc not
available, the mezns of locomotiecn, though various, were a{l
primitive. Long journeys were made on horseback. People of
consequeace rode in their coaches, with four horses attached,
the lcaders mounted by liveried positilions. So Washington came
from New York to 4anapolis, to attead the ball given thore in
his hoaor after the peace. He leit Nevw York December 4, and
arrived at dnnapolis, December 17, thirteen days to a ride which
may now be made inside of eight hours. So Washington went to
Philadelphia from Mount Vernon to attend the Constitutional

Convention, having to lie over at Havre-de-Grace all aight because
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it wasrtoo stormy to cross the Susquenaina. The stage—coach was
Just coming into use in this country at the time of which we write,
end the importance of regular commmication between one point and
other was begianning to be seen. There were a few, but not many
post-routes, and those chiefly maintained by vrivate enterprise.

"The carriers! cart plied between A4lexandria and Phniladelphia,
by way of Baltimore; the conestoga wasgon was the means of commnication
between Baltimore znd Harrisburg, Frederick, Hagerstown, etc., while
these outlying places in their turn wore brought into intercourse
with the backwoods and the wilderness by means of strings of pack-
horses. * * * * Roads were all bad and ill-kept, narrow, obstructed
by gztes and seldom permitting two vehicles t0 pass onc another. * * * ¥ v

"The good roads - comparatively good,we mean ~ ::d the best
post~routes mere due to private enterprise. The Kent Islaad post~
route was owned by 2 Tilghmsn, =iad Henry Callister threatsened an
opposition unless it was better managed. *® * * * It took a day of
almost tweaty-four hours, to ridé from Elkridge Landing to dunapolis
(about 20 miles) - yet the thrifty Germans of Frederick County
treded with Georgia by way of the Valloy of Virginia, sonding their
ranufacturse. of wool, flax -nd l:ather on the backs of pack—horsQSa“

If such vas the state of the roads in the scttlementd during
the Revolution it may be assumed that the few roads vhich proviously

hod beean pushed westward across the mountains were even more primitive.
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The first of thcsc was 1oid out ia 1743 by the Ohio Company, a
party of Virginino gentlemea ho had boen graated two mmndred
thous:nd acres on the Ohio River between the ifonongahala and the
Kz:iavha on condition thst o hundred families should be sottled
on it in two years.

According to Hulbert: "The road was probably nothing more
than a blazed trall with possibly some alteration of route at
certain poiats: it may be that in low ground which could not de
avoided the road was 'corduroyed!, but thie is quite doubtful.®

It was over this road that Yashington traveled, in 17583,
st the behest of the Virginia governor to inquire of the French
thelr rights to build forts oan the Allegheny River. A#Agein in 1754,
vhen war with the Fronch seemed inevﬁtable, he made the same irip
over the same road, this time taking with him 300 men and possibly
10 svivel guns, to move which it was necessary to widen and
strengthen the rond. Finolly in the following yoear (1755) it was
over this same road that Braddock advanced from Fort Cumberland with
2,200 men :nd 600 pioneers, leading the way, to widen and corduroy
the trail for the army. This time the road was evideatly made éith.'
some care, for Washington complained that the movement of the afmy
was being delayed because the road-makers were stopping to level

"every mole-hill®.
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This, the first rond across the wountains, was the only
one until 1758 when General John Forbes, scnt against Fort Duquesne
to redeem the failure of Braddock, built or rather opened a new
one by way of Bedford and Ligonier in Pennsylvania; a=nd this road
vith its predecessor remained as the only routes of white-man
travel across the mountains until 1775.

In that year the Transyvlvania Company was organized and
Deniel Boone was sent to merk out the Wilderness Road through the
Cumbcrland Gap to Kentudky, Though made leter than the roads of
Braddock ond Forbes, the Wwilderness Road gquickly became thé most
importaat of the three as o thoroughfare ond for a time actually
outrivalled the Ohio River as a pionecr routs.

0f this road a Kentucky historian says:

"The road marked out was at best but a tracéd. No vehicle
of any sort passed over it before it was made 2 wagon rosd by
action of the State legislature in 1795. The location of the road,‘
however, is a monument to the skill of Boone as a practical engineer
and surveyor., It required a mind of far more than ordinary caliber
to locate throuszh more than two hundred miles of mountain wildcrness
a way of travel which, for a hundrcd years, has remained practically
unchanged, and upon which the State hus stamped its aporoval by the

expenditure of vast sums of money.*
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But, though the State did undoubtedly approve and profit
greatly from the work of the intrepid Daniel, its approval
apparently did not express itself in any substantial way. For
in 1796 we find Boone writing as follows to Governor Shelby:

"Sir, after my best Respts to your Excellency and famyly,

I wish to inform you that I have sum intention of undertaking this
New Rode that is to be cut through the Wilderness, and I think my
Self intitled to the ofer of the Bisness as I first Marked out that
Rode in March 1775 and Never rec'd anything for my trubel and Sepose
I am no Statesman I am 2 Woodsman and think my Self as Capable
of Marking and Cutting that Rode as any other man. Sir if you think
with Me I would thank you to wright me a line by the post the first
oportuneaty and he Will Lodge it at Mr. Jolm Milers on hinkston fork
as I wish to kmow Where and when it is to be Laat (let) so that .'£
may atend at the time I am Deer Sir your very omble sarvent.

Daniel Boone."

But alas, the contract was given to others, to Boonels gréé.t
disappointment. Such was the experience of the first American
%engineer" who took it into his head to "go into contracting”. ’,Ho‘i :
many have been the similar experiences of his successors the recgfd
does not state,

The mountains crossad, progress of ex&ploraiion westwai'&

was rapid after the Revolution. The pionmeers opened the trails
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and the army folloved close behind, establishing forts for the
protection of travelcrs and scttlers against Indian attack. 3But
the "roail building" that was an incident of the advance of those
brave =nd adventurous spirits was invariably of the sort already
described; that is, a mere breaking aﬁd blazing of trails in the
difficult pleces, 214, in'the open country, oaly the chosing of a
path which by continued use was worn into a well-marked route.

Far the opening of certain of thaese routes, Congress, which,
under the Constitution was given the right tn govern the territories,
was urged to eontribute money, znd did actually contribute to a fow,
omong them the famous . Natchez Trace which ran from Nashville, Tenn.,
to Netchez, WKiss., aund Zane's Trace In Ohio. The character of the
work Jdone on the former 1s indicated by the fact that the appropria-
tion mas $6,000.

Of similar character wers the great trails of the West, on
vhich exploration began early in the nineteenth ceantury. In ail ,”~1
the ana=ls of 4merica there 2re no more thrilling passages than
the records of the travels and tho path finding of the pioneers
who, following the Santa Fe, the Overland and Oregon Trails, setfled’fz
end held for the United States the great dominions of the West. The g
highways they marked out were so truly remarkadle that they arc Sﬁlif
in the main the principal routes of travel in the territorics they Q
treverse. One oflthem ~ the Oregon Trail — has baen described as

"the most remsrkabdble road kmown to history * ¥ % * . (onsidering the
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fact that it originated with the spontaneous use of travelers:

that no transit ever located a foot of it; that no level established
its grades; that no engineer scught out the fords or built any
bridges or surveyed the mountain passes, that there was no grading
to speak of nor any attempt at metalling the road bed:; and the
general good quality of these two thousand miles of highway will
séem most extraordinary.”

But it will not be possidle in this paper to follow the
development of the routes of exploration westward. Our principal
concern being the study of the development of road construction
ﬁethods, we must return to the Bastern States, where, immediately
after the close of the Revolution, the first great movement for the
betterment of American roads was at its inception - the establishment
of the turnpikes. |

The first American turnpikes of which there is record were
established in Virginia, Connecticut, and Maryland: From the ’
interesting book by Frederic J. Wood entitled "The‘TurnpikBs of»ﬂbﬁ '
England®, we learn that Virginia led the way by the erection of‘gages' |
on the roads leading into Alexandria from Sniggert!s and Vesta's Gaps.“
The travel on these roads had become so heavy that extemsive repairs
had become imperative and, the rasources of the territory traversed
being inadeguate, it was préposed to set up toll gates as a neanSf

of collecting the necessary revenues, an idea suggested, no doubt,
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by the Baglish czperionce vith turapike trusts vhich had boon in
operation for at lozst twonty yeare praviously. Tho aet of the
legislature providing for tho sroctien of th: turmpikos was passed
in 1785, a2d, as 2n xistizg road was taken over and th: only con-
struction ncecossary was ta cractien of th: gates, it is safc to
say that thoy —ers it oncrotion by 17846,

A hoovy travol passed over this road for savoral yoars acd
the tolls imposcd by the leogislature were iasufficient to maintain
its surfoca.  Accordingly wz find that in 1795 roprosontatioas were
m2de to the logislature that®an artlficial bod of pounded or broken
stoad" was aecsssory, and that the exmaense of this, boing too great
to be financcd by th: ususl methods, it should oxly be assumed by
privzte cnterprisc. This is the first roforeice I have beea able
to find to any form of construction rosambliag whnt is now classod;
vory loosely, =8 2 mcadom surface.s It is probable that stone and ’
gravel surfoccs had beon 12id iz Eglyad for some aérs praviaasky;
and there may have been some mors or less unsystemmtic usc of stoae
in Americ2 2lso a2t =21 carlier date; but it is reasonnbly cortain
thet this Virginia road was 2t least ore of the earlicst to be |
dcliborately planned as a stone-surfaccd highway. 48 2 rosult of
the roprosentations meds tho ¥ Fairfax and Ioudon turapiko-rozd
company" wos incorporated on Decombar 25, 1785 2ad givon the

priviloge of riconstructiazg th: old turipike from "Littl: Biver,
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where the present turnpike crosses it, to Alexandria." The first
company, finding the task too great, nothing was accomplished
under its charter, and, in 1802, a new charter was granted to the
"President, Directors, and Company of the Little River Turnpike
Company." Under this charter, %ith the help of the State of
Virginia, which approprizted the "muster fines" in 1805 to the
purchase of 100 shares of stock, the o0ld road was rebuilt and
operated as a toll road for over ninety years.

The sccond and third tunrpikes ware in Coanecticut where,
in 1792, the kohegan Road, between New london and Norwich, and the
014 Post Road, in Greenwich were made subject to toll. A year
later, in 1793, a gatc was set up on the Reistemtown Road in
Maryland and later on other gates were cstablished on the York and
Frederick roads near Baltimore. These Maryland cases were followed,
in 1801, by the establishment of a gatz on the old road through
Cumberland Gop in Toancssse, and, in 1804, North Carolina proyided,‘
for the coastruction of a 14-mile road through the Cherckes lsnds
by granting to the builder the privilage of collecting tolls for
15 years. All these were government enterprises, and they are the
only exceptions to the practice, which was shortly to become
general, of allowing the turnpikass to be built by private capitai.
Later these too were transferred to private companies, but the |

first road to be built in this menner was the famous Lancaster

Turnpike in Pennsylvansa which was built by the Fhiladelphia ané
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Lancaster Turnpike Company, incorporated by the goverunsr on
April 9, 1792. This road which was mor: than 62 miles in length
was built at a cost of $7,450 a mila and was finally completed in
1796.

Following this example similar corporations were created
in rapid succession in all the States, and in his report to Congress,
in 1808, Albert Gallatin, the scecretary of'the treasury was able
to report definitely that 770 miles were completed in Coanccticut,
more than 3,000 miles were under construction or completed in New York,
and mundreds of miles in other States.

This same report of Gallatin's gives us the first detailed
deseription of the character of the "artificisl roads" which were
built by the early turnpike companies.

Referring to the road from Trenton to Brunswick in New Jersey
he reports that:

"The distence is twenty-five miles; the greateat angle of
ascent, three degrees; end the road is nearly in a straight line, the
only considerable obstruction being the 'sand hills', through which :
it was nacessary to dig at the depth of thirty feet, in order not %o
cxceed the angle of ascente The road is thirty-six fect wide, fifteen
feet of which zre covered with about six iaches of gravel. 4 few
wooden bridges, with stone abutments, and piers have been erected
across the intervening streams. The whole expense is stated at $2,50C

£ milev“
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0f the road in Pennsylvania from Philadelphia te Porkioman,
vhich had two branches to Willow Grove and Chestiut Hill, he wrote:

"The distance * * * * * ig tweaty-five miles and a quarter;
the two branches extcnd one ten miles, and the other seven miles
and & half; making together near forty*three miles. The angle of
ascent is four degrees; the breadth of the road fifty feet, of
vhich twvanty-sight feet, having a convexity of fifteen inches, arc
covered with a stratum either of gravel eighteen inches thick, or
of pounded stonss twelve inchss thick. One—half of the stones
forming the lower part of the stratum are broken into picces not
more than five inches in diameter; the other half or upper stratum
consists of ston2s broken into pieces not more than two inches and
a half in dismeter, and this differonce in the size of tha'stones is
represented as a considarable defect. Side or summer roads extend
on each side of the gravel or stone road. The five miles next to
Philadelphia hava cost at the rate of $14,517 a mile; the other
trenty miles and a half at the rate of $10,490 a mile. Yot therc
were no natural impediments, and oaly small bridges or culverts
were necessary. The capital expsnded on these twenty-five miles
and & half is $285,000; the tolls amount to $19,000; the a:mual
repairs and exvcuses to $10,000; the nett income to about $9,000,

or a littlc more than threc per cent. on the capital sxpended.”
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Among Haryland roads he notes the Reisterstown turopike,

twenty~four fest wide and surfaced with twelve inches of
pounded stone not more than three inches in diameter; the Frederick
rOad,'twenty~two feet wide and surfaced with ten inches of pounded
stone not more than three inches in diameter over which were spread
two inches of gravel or coarse sand the entire surface having a
crown or convexity of nine inches.

South of the Potomac he reports that few "artificial roads"
had been undertaken. One, which he briefly describes -~ the road
from Manchester to the coal mines of Falling Creek, in Virginia -
was thirty-six feet wide and gravelled and the cost of twelve miles
he gave as $50,000. This construction, he reports, was sufficiently
substantial to admit wagons carrying four tons,

"The greater progress made in the improvement of roads in the
northern parts of the Union," he ascribes, ¥to a more compact popu-
lation, vhich renders those improvements more necessary, and &% the
same time supplies with greater facility the means of effecting
them. The same difference is perceptible in the mumber of‘bridgés
erected in the several States."

In this famous report we have direct evidence of the con-
struction, prior to 1808, of roads surfaced with both gravel sud
broken stone. Zm the case of the Philadelphia-Perkioman road we

see the construction of a stone surface in two courses in a manner
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similar, cxcept for the large size of the stone and the heavy
crown and the aV%sence of roliling and sprinkling, to the methods
used in building modern macadam roads. Wherein lay the "defect®
of using two courses, as mentioned in the report, is not made
clear. |

s It is not to be assumed, howaver, that thesc roads émbodied
in their construction the principles of MacAdam: nor can we say
with truth that our present roads do. They were probably patterned
after the roads then being constructed in England, and the great
roadbuilder, whose name is now associated with any form of stone
surface, had not yet demonstrated the particular metnods which
properly should be attributed to him. He was still sngaged in
the preparatory studies Which led to the development of the methods |
he first applied when he became the suz§§yor of roads in Bristol
in 1816, |

According to MacAdam's view, the function of the stione surface
was not to support the weight of veh;cles but to form a covering |
or roof over ths natural soil upon which, in its dry condition, he
relied entirely to supvert the load.

He, therefore, regarded a heavy course of metal as unnecessary,
and large stone as positively objectiomable in that a road so formed
would be likely to be more pervious then one made of small stone.

His idea was that, "every pisce of stone put into a road, vhich

exceeds an inch in any of its dimensions, is mischevious®; and he
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besed this conclusion not enly upon ths thought that the use
of larger stone would increasc permsability, but also, and
perhaps meinly, upon the greater tendency for the largzr stones
to be dislodgsd by the wheals of vehicles., He was also opposed
to the use of heavy crovns on the ground that they were unnccessary
for drainage vurvnoscs and that they tended to concentrate traffic
at the center and, thereby, actually defcat the ends of drainage
by causing the formation of ruts.

His mcthods, exnlained in his own words, vere as follows;

"As no artificial road can evar be made so good, and so
useful as the natural soil in a dry state, it is only necessary to
procure, and praserve this dry state of so much ground as is intended
to be occupied by a road.

"The first operation in msking a road should be the reverse
of df#ging a trench. The road should not be sunk below, but rather
reiged abowe, the ordinary level of the adjacent ground, care should
at any rate be taks:n, that there be a sufficient fall to take off
the water, so that it should always be some inches below the level
of the ground upon vhich the road is intended to be placed; this |
mist be done, either by making the drains to lower ground, or if that
be not practicable, from the nature o€ the country, then the ®oil
upon which the road is proposed to be laid, must be raised by addition,

s0 as to be some inches above the level of the water.
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"Having secured the soil from under water, the road-maker is
next to secure it from rain water, by a2 solid road, made of clean,
dry stone, or flint, so selected, prepared, and laid, as to be
perfectly imperviocus to water; aad this caanot be sffected, unless
the greatest care be taken, that no earth, clay, chalk, or other
matter, that will hold or conduct water, be mixed with the broken
stone; which must be so prepared and laid, as to unite by its own
angles into 2 firm, compact, impenetrable body.

- "The thickness of such a road is imméterial, as to its
strength for carrying vaight; this object is already obtained by
providing e dry surface, over which the road is %o be placed as
a covering, or roof, to presarve it in that state; expericnce having
shomm, that if water passes through a road, and fill the native
soil, the road, vhatever may be its thickness, losas its support;’ e
and goes to pizces.® | |

It must be borne in mind that sacadam applied his ait"mnre,, 
often to the repair of existing surfaczs than to ths coﬁstrudtioﬁ‘
of new—onés, and in meking such repairs he particularly recommenés§~
and used the wrocess which he callad "lifting‘ﬁhe road®, whiéh
consisted in loosening the upper portion of the sruface and’breaking,
21l old stones over about six cuuces in weight bafore applying €39 1

new stone. As he d4id not have a rollsr to use hs advocated‘applygf,
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ing the new stones in thin courses allowing time betwaen sﬁ000531ve
applications for the metal to be compacted by traffic. He suggested
a three-time application as desirable and particularly insisted
upon the necessity of keeping the road well shaped duriung the
intorvals ~hen it was being compacted.

He surprised the members of the parliamentary committee
appointedtto inquire into methods of improving the tuarpikes and
highways by informing them that he would prefer to construct his
surface on a soft foundation rather than & hard one, bacause "vhen
2 road is plsccd upon a hard substaice, such as a rock, the road
wears much socner than when placed on a soft substance®.

This statement elic¥ted from his amazed interlocutor the
exclamation: "You don't mean you would prefer a bog?" To which '
the calm reply was; "If it was not such a bog as would not allow
a man to walk over, I should prefer it."

With these views, so remarkably in accord with the most
modern ideas, there is scarcely a fault to be found, yet the fact
remaing that they have been hoaored more in the brasch than in thé
observance in American practice, at least.

As MacAdam did not begin to practiee his art until 1816 dndf
as his mothods were essentially édifferent from those which were
comron at the time in England it is not possible that the stone
surfaces constructed on the fast multiplying American turﬂpiké—roéisrj;

prior to that date were macadam roads in the strict application of 5i:
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the term, though, from the descriptiens available, it is probable
that they werc not unlikc many of the roads to which the name is
now applied.

When, in 1832, it became necessary to repair tﬁo surface
which had been constructed on the Cumberland Road east of the
Ohio River, the orders ¢f General Gratiot, then chief of engineers,
were that the macadam system was to be followed, and this system
he defined exactly as MacAdam had described it in his "Remarks on
the Present Systom of Road Making," published in 1820. It is not
improbable that this was the first application of the true method
in America, "and it may have been the last.

The story of the National Pike has been to0ld too many times
to need more than a brief reference here. The earliest act of
Congress relating to it was passed in 1802 and simply provided that
5 per cent of the revenue received from the sale of Ohio lands shmuid
be set aside for public roéd improvement and that two-fifths of this

amount should be deveoited to constructing e road from the Potomac

> River westward to the Chio River.

In 1805, the building of the road from Cumberland to the Chio
River was authorized, and the act further provided that the j:roposed
road was to have a right of way of 4 rods, a roadway of 20 feet,
a maximum grade of 8% per cent, and a surface of stone, earth, gravel
or sand or a combination of these. Later, in Ohio, the widith of

right of way was increased to 80 feet.
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Tho first contract for constructios was let April-11, 11813,
and the road was compleoted from Jumberlard to Vhesling about ten
years luter. The total length of this section is 131 miles and the
total cost of construction was 31,706,845.20, or an average of
$13,029.35 2 mile. The centire scction cast of Whesling vas surfaced
with broxen stone put down in two courses. The specifications provided
tiiat the stone for the bottom course shisuld pass & 7-inch ring, and
that tho top course, & S=-inch ring. Tie top course was 6 inchas,
cnd the bottom lz inches boforo compocting, cnd as the traffic was
duponded upon to cffect the compietion, tiwre is little doudt that
truovel over the road in springless wegons wes not unduly comfortoblog
ospeciclly as it is s;id tnat the vaginocors in ciwrge of the work hed
a viy of orecting birriers vwhieh were froyuontly shifted in order to
provent homost truveiors from using cuy part of the surface aftar it
had bocome compact. |

The first cppropriction for continuing tiao "Notional Rocds® wost
of the Ohio River was mide in 1825, wnd the finzl uppropriation for
completing it in Ohio uid countinuing it in Iudianz and Illinois wés
mads in 1838. The section in Indicna vas constructed east wnd west
from Indiznapolis, and was practically completod beforo tho Govcrnmant{

discontinued its cppropriations, but in Illinmois no surfccing was luide



Congress provided that only grading should be done on thig section,
in order that the government might later put down o steam railroad on
the grade if it so desired,

The turnpike-road companies, by which the mejority of the kear‘ly
artificial roads were built, were our first public service corporations.
They overated under charters zranted by the State legislatures, authoriz-
ing them either to build and meintain an entirely new roed or to take
over from the public the mnintenznce of an existing road.

What now scem to be very severe restrictions were imposed upon
them. They were limited strictly to the building and meintaining of
2 road, and were not 2llowved to do anything else. Rates of toll were
fixed in the charter znd the number of gutes to be erected was a2lso
snecified. The location of the road was not intrusted to the judgzment
of thosc who were investing their money but wos delegated to & committee
appointed either by the legislature or by the judge of tho county court.

In spite of these restrictions the stock of the cormpanies at fiﬁi
was very attractive to investors: but it wes not long before it was
disecovered that the rsods could not be expected to pay = large r'etm."l
Few of the companies were able to show, even ot first, net sornings of
more than two or threc per cent, and as time went on and the cost of |
maintenance increased, as, finally, the railroad came to take awey o
large part of the traffic, evon these smmll profits vanished, and the
turnpikes became, generally, vory unprofitable investments. Most of‘
the hundreds of companies that were organized had failed and the roads

had reverted to public control by 1850; but a fow remined in operation.
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after o fashion, until very recont years, their roads anathemz to all
who were cowpelled to usc them.

The word "turnpike" has come to be associated in our minds with
a stone surface, mainly, I prosume, because the surviving "pikes"
were all or practically all of that character. But in the early days
many of the companies, perhaps the majority, built only a2 graded road.
In many cases thec surface was of gravel, in other shell, and in some
cases, in order to moke the rouds passable the companies roesorted to
corduroy. GQuite a2 large mmber, as ve shall sce later, were incorporat-
ed for the special purpose of building plank roads.

The railroads sounded the knell of the turmpike companios.
One by one thoy came upon financial difficulties so great as to cause
them to give up their charters, until, by 1850, few wcre left in
cxistenco. With their passing tho roads roverted to public control -
which meant county control -~ and so out of the picturc until the late

eighties, except for the rather curious voguc of the plank road.

The first plank road on the continent znd probably in the world
was laid ot Toronto in 1835 - 36. The originator is belicved to have

’ been Dr. Darcy Boulton. About ten years later & road wes built, in all.

respects like the Toronto cxample, 2t Syracusc, N. Y. This was probably

the first road of its Kind in tho United Statess  Within four years

over two thousand miles had becen constructed in New York alonre, &t
an average cost of €1,833 2 mile. Soveral werc built, also, in Hew
Jersoy, and 2 number in Vermont and Connecticut. At least one was
built in Massachusetts. These, so ‘far as the reccord gbes, wore the
only castern developments; but the idea sproad to the interior States

and thore the planked surfaces may still be met with occasiomally,
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Of the counstruction of tihe plank roads, Mr. Froderic Wood,
deriving his autherity from the book entitled "The History, Structure
and Statistics of Plank Roads", vublished in 1850 by W. Kingsford,
writes as follows:

YThey were in nearly all cases of single track, laid on the
rizht side of the road as one faced the large towm to vhich it lod.
In the prairie rezions the planking lay on the original surface of
the ground, but in some »laces 2 small amount of groding was neceded
to avoid short, stoep ascents. Tie subgrade once established, longitu-
dinal trenches were dug in viich sills counsisting of 3-inch plank four
and eight inches wide were »locod, and on them were laid the planks,thrae
inches thick and cight feot long, at right angles to the direction of the
road. The s5ills were set slightly below the surface of the sround, and
hc planks were pounded dovm to rest upon them by meons of = large mallet
knovm as a "cormander'. o nails or pins were then nocded to hold the
planks dovm, and it is rcopnorted that it was hard work to take onme of
them up., After the vplanks were laid the carth was packed egainst their -
cnds and soundly tarmped into »lacc. The portion of the higwray not‘
occupied by the plank road was usually miﬁtained as o common dirt.rbad.
and was locally knovn as the 'turn-off'! , because light loads had '.to’ioavc
the planks and follow it when passing o team proceeding the other vay.
In order that a wagon might regain the planked surface withoubt its
vheels sliding alonz the edges, the plouxs werc staggered, that is,
one-half of them had tacir onds in 2 straight line with eazch other, while‘

the other half were alternately advanced to a line six inches farther -
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out, producing a bordor uffect linc tha bottlements of o castle.
Ordinarily tvo stringers vworc used but occasionally throc. Over the
completod plenking < loyer of scnd was spread cnd meintsinod, vhich
prosorvad the road by rewucing tho cuti:ing by the cuclks of the horsesholss.
It wvas cluimed for this codtipg thit © swving of forty to fifty poer cent
vas sccourod ih the woar of tho road. Vory fow doublo-trock rouds were
aver laid, znd in tho fouw cuses it was proforrod to loy two singlo troccks,
gpart from cach other und supposodly on opposito sides of tho *‘turn-out'.

"Yellow pinc vas proefoerrca for tho pl@nkiné; in Ceatral Newv York,
on zegount of its durability cnd froodom from knots, but homlock znd
vnite pinc wvuere oxtuusively usod vwhile booch, meple, and elm vore
ompluyed in some plices. * * * * Of course thic plunks vould
rapidly doeay, «nd it vus considered nocessary to figure thaet £ road
would have to bo rabuilt «t tho ond of cevery soven yoars."

If we nov pass immodiately to the later vightios wo sigell miss
no deovelopmoent of wuny importance so far as tio highwtys ocrc concorned
excopt the inventions of the stome crusher by Blake in 18568 and of thé/',
stoam rotd roller by Lomoinu in 1859, wnd tis formur, ot loast was k
apnersutly not recoeived vith gnthmgiean beccuse wo find tho author
of & prizZo-vinning ossay in 189 writing thatg

“Hend-broken stone is much superior to thut crushed by & machine,

vhich is gonerally of irreguler shope and seldom cubiczl, so tnat it
douvs not readily bind togoethor, whieih is thoe assenticl qualificati‘on '
“of micadam,”

Some timo uuring this puriod, probably after 1876, the third

or binder course vas sdded to the mocadum procoess. Q. A Billmong
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in his book ontitled "4 Practical Precatise on Koads, Streets, and
Povements", published in thit year, makoes no rueferonco to it, excupt
as o top dressing of grovel or oarth spread on «fter thoe rolling of
tho last ¢pplication of stone. This is tho wmoethod vhich was practiced
oven in LucAdam's dey and which he strongly disapproved. Tho consolida-
tion of tho road vwith stone chips flushod cnd rolled into the surface was
apparently unknovn to Gillmore whicn thoe first edition of his book vas
printed; but some timo botwoon 1876 ond 1890 it bocume the common practico.
It was during tho latter part of this samc period (1850 - 1890)
that the first brick and sheot aspholt surfacos vore laid; the brick in
Charleston, We Va. in 1872, ond tho first oxtonsive shoot asphilt surfoce
on Penansylvania Avenue, in Vashington, in 1879. Prior to the latter
date the first rock asphult surface hud been lcid opposite the City Hall
in Newark, lie J. This was in 1870; cnd thero &re conflieting cloims to
priority in the coumstruction of short uiporimontsl scctions of shect
asphalt, onc being tiet thoe first scction was loid in New York in 1873
and tho other that it vas in Vashington Square, Nowark, in 1877.  For
meny yoears, howvever, constructior of both tho brick and asphalt‘surfaccs
was confinog to citivse. Until 1890, ot loast, the only matericls
genorally cousidered us practiccl for surfoces of rurcl higinvays wore
 broken stonc, gravel, and - whore tho materizls wore available - shall
and slag. Tho lattor voere laid in tho szme manner as gravel oud stone.

The plank surface was &lrcady condemned. Surfaces of "burat clay”® ;/

1 _/ "Road Likking and liaintensnes”, by Chorles Punchard, published vwith

othor ossays in "4 uove For Botter ltozds®™, Univ. of Pa. Pross, 1891,
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had been suggested but were still untried.

The organization of the League of American Wheelmen in 1880 may
probably be considered as the turning point marking the beginning of
the modern period of highway improvement, eand the league itself as the
first of the influences which have led to so great a change in the
public attitude. One of the principal objects of the organization was
to secure better roads and it worked energetically to attain its purpose;
but it was not until 11 years later that the first tangible result of
its efforts was accomplished in the passage of the first State-aid law

in New Jersey. Writing in 1889, Jeremiah Jenks, ?j pictures the condition

2/ Road Legislation for the American State, Jeremish W. Jenks.

existing at that time when he says that:

"A very large proportion of our people, toe, have never see.n a
really good road for hauling purposes, and have, in consequence no clear
idea of the gain that would come from good roads."

The passage of the New Jersey State-aid legislation in 1891 was
the first practical step taken, anywhere in the country, to remedy the
situation. With one exception it was also the first instance in which
any State had undertaken to participate directly in the constxfuction of
roads. The exception is Kentucky, which had a State highway department
and a well defined State road policy from 1821 to 1837, and during that
reriod completed upwards of 340 miles of roads. |

The next fruii of the wheelmen's efforts is found in the estab-
lishment of the U. §. Office of Road Inquiry in accordance évith. an

act of Congress approved March 3, 1893. The purpose of the office



as defined in tho statute vas to meke inguiries in rogord to systoms
of road minagenent throughout the United Stotes; to moko investigations
in regard to the bost msthods of road miking; to prepore publicotions
on this subjuct, wnd o assist agricultural Qellegus and oxporirent
stations in disscminating indormotion on the subjuct. Tho cppropriation
made for this purpose w.us $10,000.

It vill this Do seen thos the renewed participation of tho
Fedoral Govornment tftor & lapse of 55 years vas limitow to activities
of an cducationtl character, but these it nust bu szid were carried on
Vith vxeellent julgmont cnd thoe utmost vigor possidle vith the mozgre
appropriation provided.

The actusl construction of tho roads, boing still under the control
of county and township authorities the Fodoral Office carried its messzgo
d;roctly to thuso loeul officials and, by cctual domonstration on short
soctions of object-lusson road in overy Stuto, towght thom the ‘mothods |
of roud construction vihiich, from its studies, it fouud o he'bast. Tho
genoral public it roachied through tho mediwm of bullatins, lectures’and
good roads troins, cud thore is no woubt thot its urging vas rosponsible
for tho creation of more than one of the carly State highway dopurtmonts.

Following the Low Jursey pracedsnut, luvs providing for the ostab-
lishm:nt of such deportments and the granting of Stute «id wore possed in
Mossachusctts in 1892, in Culifornia cnd Comameccticut in 1895, cad in
Moryland, New York and Vermont in 1898, this by the ond of the nineties
tacre vore soven Stitcg ©11 but one on the atluntie segbocrd - tact hod

taken the initizal stup tovard tho solution of the roud problom; and os the
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of the first lins in the suversl States are showun in the following table.

Dates of pussage of

Stute-uid

highvcys lavs

Yoor in

e
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s Vhicn : wvhich :

: first : first :

Stato s Stote e Steto s Steta o

¢ &id low e : 2id laws

T vas 3 : a8 e

: pussaed : passed

Alzbama : 1911 :  lwvada : 1911 :
Arizonu : 1909 : Now Humpshirc : 1903

Arkaisuas : 1913 & liov Jursoy ¢ 1891 :
Julifornic ¢ 1895 s Yow llexico : 1909 :
Calorado : 1909 s Wov York : 1896 :
Conuucticut s 1895 +  Lorth Surolina : 1801 :
Delavare : 1903 :  North Dugota s 1909 :
Florids : 1916 s Ohio : 1904 3
Guorgia : 1908 :  Oxlazbona ¢ 1911 :
Idaho : 1905 :  Orogon : 1913 :
Iliinois : 1905 :  Puunsylvonia : 1903 H
Indiana : 1917 +  Riode Isloud : 1902 :
Iovie : 1904 :  South Caroliuna : 1917 :
Kconsas 1911 :  South Duzota ¢ 1911 3
Ksntucky 1912 ¢ Poanessoo : 1915 :
Louisiuna . 1910 :  Toxcs s 1917 :
it ine : 1901 : Utah ;s 1909 :
Laryland : 1898 ¢ Vermont : 1898 ¢
liussachusctts ¢ 1892 : Virginiz : 1906 :
lichigan : 1905 Vashizngton : 1905 :
lirnoesota : 1905 : st Virgiaias : 1909 :
ississippl : 1915 ¢ Viscounsin : 1911 :
Lissouri s 1907 s Lyonring 19131 :
Montana s 1913 : : :
Nebroska : 1511 : : :
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The Stato-cid poliey ss adoptod by the various States took
a numbor of forms. Io soms Stztos the aid offored consistod only
of adviece vhich might bo ucceptod or rejeetod by the locul zuthoritios
wvho roteined cbsolute control ovor wll tho roadse  Ia such Stutes nd
finunecial «id vas oxtonesd. In tﬁosu Siutus vhich provided for finun-
cial aid its acceptance gencerzlly implicd on agrevment on the part of
thoe county to @ecopt the supervision of the Stute wuthoritics w.til the
vork uf construction vas compluted, afﬂor wiiieh the rozd rovorted to
full county controls In still other Stutgs the joint participation
of the State and county in the coustruction of certain classcs of
roads, generally the nost important onuvs, wes wade mendatory; ond
thoro verc still osther variatioms vhich difforentiatoed the systons
adopted by the vorious Stutese.

While tho pioncor States vore rmoking this radical departure
from long ostoblisined ﬁwthods of higinoey administretion certain
soemingly upimportant «nd unrolatced ovents vere occurring in vorisus
parts of the cou.tryse Throo guntlencn - whidsu nopes vore Duryas,
Heynes, and Ford - had node toomselves horsoloss carricgos; ot in
Bellefontuine, Onio, & rocd haq bucen built entirely of concrote.

. buse for block aba shuet asphalt povements

r

Concrete nod been usel s
£or rny years; but the short soction built ia 1893 in the Onis city
vias the first to be built vith conercte os the voesring surface. 48

in tho ccse of the brick und asphilt surfaces, it vas sovercl yeirs,

novever, before use of the now type vas oxbousod to the rurcl higinoys.
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And the some mey be said of the zutomobilos. Although their numbers
increaseu remerxably in thue cities, it was some yoors boefore they
became & problem from thoe point of view of the rurcl highway buildoer.
In 1904, the Office of Public itoads, linecl doscondunt of the
Office of Koad Inguiry, took thu first consus of american rozds. It
found thut thero viere tacn, in the United Stutes, 2,151,570 milus of
rural highvays of vhiech 153,662 niles had been surfaced wvith various
materizls. Of this surfacoed nileage 38,622 nilos éero improvaed with
vaterbound macadam; 114,899 niles weroe improvea with gravel, scnd-clay,
shell, plonk, and other lov-typo surizces (the groat majority being
gravel); and 141 miles vere improvod with surfaces better tucn moesdom,
Tho latter included 143 miles pavoed with brick of vhich 104 miles vore
in tho two Stutes of Ohio cnd Vost Virginsia, aud 18 niles of bituminous
roads of vhich 2 milus vere in licssachusetts cuw the otaer 16 in Ohio.
Except for the oilea carth roads, of vwhich more thon 2,500 niles {in«
cludaed vith tho gravel and othor lov-type improvooents in the prévidué’
classification) had becn built in Culifornic by the so-called petro-
lithic process, thesc 18 miles woero the only rupresantatiies, in 1904,
of & type viich vas dastinod shortly to become sxcoodingdy iuportant.
&s proviously mohtionodshicat cnd rock asphilt surfaces had boen laid
in the cities since the seventies, ond both bituminous mocudep taod
bituminous concrote surfaces had been built in wnglend before 1890,
but the only bituminous surfaces to be founw snphere in the Usnited
Statos in 1904 vere 2 miles of tarred road iu the toun of Pisbury,
lizss., and 13 miles of bituminous nucidun and 3 milus of aspholt in

Ohio.
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This year 1904 marks the cnd of a poriod. Up to that time
therc had been no important change in the methods of road construc-
tién vhich had been cmployed for & contury or more. Either of the
major types of surfacing ~ gravel and mecadan -~ vwas knotm to give
entirc satisfaction under the traffic normal to the country roads
of the time. The other types that had been developed and used in
smll mileage, such as the sholl roads of the tidewnter Statos and
the sand-clay roads of thoe South, were suggested by the availability
of the materials rather than by any difference in the demands of the
traffic vihich used them.

Viewed broadly the few types of surface constructed up to this
time may all be considerced as of one class. In the construction of
all the same principles governed; in a2ll a fragmental mass was bound
together more or loss firmly by 2 natural coment in the monner made
familiar by a century of practice; and 21l alike depended for their
efficiency upon the conic w»rinciple of pressure transmission by which
they spread the vehicular loads and thus reoduced the intensity of
pressure borne by the subgrado.

That need was felt for no other kind of comstruction was due,
of course, to the fact that the traffic on 21l roads was mach the
same. DBven in the more populous Statos the greater part of the
traffic using the roads consisted of relatively light, horso-drawn,
steel-tired vehicles, to vhich were addod near the cities a bicycle
traffic which, though it might attain considerable volume, was never

morc than a negligible factor in determining the type of surfzeo.
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This was the normal truffic condition vhich existed prictiecally up
to 1904. Vhat mekes thut yeer o turning point ih highwuy history
is the fict that =bout thet timo there begun the grest outpouring
of motor vehicles from the citioes which quickly sct the intercity
roads apurt from othors <s o cluss roguiring different treatment.

The poeuliar offect of the wsutomobile on witerbound macadan
roads is 80 well known as to requirc no doscription and the manner
in vhich the rosd builders rot tho chullengo by substituting tors
end asphalts for the wuakour mincercl bindors has beon an oft-told
telue Pirst as dust leyurs, then as proteoctive swrfoce coltings,
then s binders introduccd into roads of tho macaduim typoe by pene-
tration, wnpd finally os hot cdmixtures wecording to the bituminous
concrute principlo, these matorials, borrowed from the stock in trade
of the city street builder, solved the <utomobilo problem in & manner
wvhich wes appiurontly entirely sitisfuctory.

The effect of this duvelopment in the rozd building art is
shown by corparison of the statistics of 1904 wnd 1914, glhe dates
vhich, to 211 intunts uni purposcs, merk the beginning and crest of
the wave of bituminous construction. In 1904, zccording to the
records, thers woere in the ontire country only 18 miles of bituminous
rural rozds, all in the two Stutus of Mussachusotts wusd Ohic. By
1914 thare werce 10,500 niles, ¢ milosge vhich was moarly throc-quarters
of thoe aggregute length of =1l roads of higher type than macadam. This

wis the high-wotor merk of the lowver forms of the bituminous types.
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That it by no means markod thoe ond of thair usefulness is indiented

by thoe fact that 3,367 niles of tho surfaco-trosztod and penctration
types wore built in 1924. Tho rocession of tho tide is indicated,
howover, by the fact that the mileuge of the two types existing in
1924 wus loess than B0 por cont of tho nileage of &ll types botter than
waterbound macadan in comparison with tha 75 por cent luvel reached in
1914.

It is gonorally roecognizod that these two types which cane into
uso with the duvelopmoent of pussopger autonobile traffic aru especizlly
adaptod to that class of traffic. Tho rolative docling in their use
begun vhen motor trucks in considarablg nuburs bogan to appesr on the
rural highvoys; and coincidentally vo fipd an increasing swing toward
tho rigid paverents of comcretc wnd brick and bitunminous concrete on
a concreto basc. Tho twrning point vwias roached in 1914 or porhaps a
yoar or tvig oarlior.

Although tho first concreto road had¢ boen built in 1893, thero
wvore no ore then 5 miles of that type on rurcl highwoys in the ontire
country in 1909. In that year approxirmtely 4 miles wore built; in
1910 about 20 miles wore addsd, the £olluiing year 40 miles, aod then
tho first big incroass scourred in 1912 vhon more than 250 miles of
rural highways were pavod, t0 be followed in 1913 with 500 miles and
in 1914 with mors than 1,500 miles. At the close of the latter Jear
thero were in the ontire country 2,348 nmiles; znd ‘10 yusrs later the

mileage had incressed to 31,146 and construction wes proceeding at the
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rate of more than 6,000 miles a year, a rate appreached by no other
type better than gravel,

The more extensive use of brick, and the bitwminous pavements
of the mixed type on concrete base began also at about the same time
ard was due to the same cause -~ the increased use of motor trwks,

In 1914 there were approximately 1,600 miles of brick pavement; in

1824 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.

The decade following 1904 was marked not only by the develop-
ment of new types of road but also by two other changes of even greater
significance. The first of these was a general increase in the radius
of travel by highway occasioned by the use of the automobile; and the
second. ~ the natural result of the first -~ was a change in thé char-
acter of the public demand for highway improvement.

In 1904 the automobile had still to prove its ability for sus-
tained performance. Its ownership was still limited to a small and
wealthy class. The popular demand for improved roads was,‘therefore,
still predicated upon the use of the bicycle and the horse-~drawn
vehicle. The farmers, always conservative, were still, for the most
part, either actively hostile to road improvement or lukewarm in support
of it. In general their demand was for the improvement of the roads
connecting their farms with the railroad shipping points or nearby towﬁs;

More positive influence was exerted by city and town merchants who
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sought by road improvement to extend the trading radius and businessr
of their towns, end by the limited but influential class of motorists
who longed for amoother, mud~-and-dust-free roads upon which to operate
their vehicles. All these influences combined at first to produce a
demand for short stretches of improved roads radiating from the towns
and rail shipping points. Later, as the automobile was perfected and
its users became more numerous, the latter created a demand for longer,
unbroken stretches of improved roads, forming & network connecting the
larger towns, a claim that was resisted by the farmers who contimed to

favor the so-called farm-to-market type of movement.

In the smaller Eastern States the conflict never became acute,
largely because the distance between towns and market points was so
short that the farm-to-market plan of improvement when carried to its
ultimate development became practically identical with the inter-towa
or trunk-line plan. Thus we find the issue satisfactorily settled
in Rhode Island as early as 1902 by the adoption of a definite system
of State highways for construction by the State Board of Public Roads. :
A similar proposal by the highway commissioner of COnnecticuti,’ made
originally in 19068, was enacted into ia:n by the State legislature in
1913; and in the meantime Maryland had settled the question definitely
by the adoption of an inter-county-seat trunk-line system to be im-
proved and maintained in its entirety iwith State funds under the State
Roads Commission. Maryland!s system was designated in 18508, and was
the first to be placed completely under State control fqr boi‘l}li,‘c’az;étm—

tion and maintenance.
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That the controversy was not sa guickly settled in many of
the other States was due mainly to two reasons: First, the i@portant
lines of travel in a number of the States were not sharply defined.
This resulted in some from spacsity of settlement, and in others from
the contrary condition of close settlement with numerous centers of
more or less uniform size and importance. States such as Texas and
Wyoming were typical of the first group. In them the long distances
between centers and the condition of the roads delayed the develop-
ment of highway traffic between the towns and promoted a use of the
highways largely as feeders to the rail lines; and the same romoteness
of the towns one from another prevented the early harmonizing of the
two plans of development as in the smaller Eastern States by the evolu~
tion of one into the other. Of the second class there were such
States as Iowa, Kansas and Wisconsin in which the very number gnd
uniform size of the town centers caused a diffusion of traffic over
many roads and delayed the recognition of routes of eutstanding im-
portance. In these States also the towns are essentially agricultural
centers and this fact contributed further strength to the demand for
farm-to~-market roads as opposed to trunk lines.

The instances mentioned furnish examples of one of the reasons
for the prolongation of the controversy which raged over the quesiion
¢of farm-to-market vs. trunk-line development. The second reason was
simply that many of the States as yet had no State agency for the
administration of a highway plan of State-wide scope, and the develop-
ment of the trunk-line plan naturally presupposes the existence of

guch an agency.
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The second of these reasons was promptly removed after the
passage of the Federal aid road act in 1916 by the provision of
that act requiring the creation of adequate highway departments iﬁ
all States as a condition precedent to participation in the benefits
of the Federal aid.

The Act of 1916 appropriated $75,000,000,to be expended in &
years under the direction of the Secretary of Agriculture in coop-
eration with the State highway departments, for the‘improvement of
Post roads. It provided for the apportionment of the appropriation

among the several States in proportion to their area, population and

mileage of post roads; and it permitted the expenditure of Federal
funds for improvement in any amount up to 50 per cent of the cost,
but not exceeding $10,000 a mile. This latter limit was later raised
to $20,000 and then reduced to $15,000 as at present.

Since 1916, emendments have been made to the Federal aid roag‘:
act appropriating or authorizing the appropriation of additional fﬁnd§
to a total, including the fiscal year 1927, of $690,000,000; and the
mileage of road improved under the cooperative plan up to June 30, 1926,
amounted to nearly 56,000 niles.

A first step toward the ultimate séttlement of the trunk~line
guestion in all States was made when the U. 5. Bureau of Public Roads;
acting for the Secretary of Agriculture, as one of its first adminis-

trative acts reguested of all States the submission of a 5-year prcgram

map showing the system of roads upon which the State highway depart-
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ments would request Federal aid during the period covered by the
appropriations provided by the first act of Congress. Although the
systems designated in responsc to this request were understood to ve
merely tentative the request of the bureau had the effect of direct-
ing attention - in many States for the first time -~ to the desir-—’
ability of establishing a definite program for the improvement of a
system of highways as distinguished from the.more or less casual
improvement éf unrelated sections of roads.

The Federal-aid work had scarcely begun, however, when the
world war intervened and practically put a stop to all operations;
and the war did a number of other things to the existing improved
roads which, however disastrous they may have appeared at the time,
have turned out to be blessings in disguise. At the oulset the con-
struction and maintenance of highways were declared to constitute a

non-essential industry. As a consequence new construction, except as

required for the immediate service of the army, was greatly curtailed.
Maintenance also was greatly hampered by the difficulty of obtainiﬁg
the necessary materials and the scarcity and high wages of labor. o

At the same time there was released upon roeds generally inadequate

to steand it an unprecedented traffic of heavy motor trucks. To this
experience and the heavy damsge which followed we owe the develapiient
~of most of the sound principles and policies which now govern the |
~improvement of highways.

The first result was a strong reaction against the use of heavy |

motor trucks. There were large numbers of people who, forgetiing that
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R road is of service only in so far as it accomodateé the need for
economical transportation, demanded that the manufacture and oper-
ation of vehicles too heavy for the existing roads be prohibited.
As few of the roads were designed to carry motor truck traffiec,
to have taken this course would have amounted to the throttling
of a new development in transportation before it had a chance to
demonstrate its utility, and it was rightly opposed with great
energy by the manufecturers of motor vehicles. The latter, on the
other hand, took a position at the opposite extreme from which they
demanded the right to manufacture and sell vehicles of large capacity
and heavy weight, without regard to the strength of the roads, on
the theory that the greater the capacity of the vehicle the smaller
would be the cost of operation per unit of capacity. Their slogan
was, "build the roads to carry locads," and this was met by the

opposite party with the equally dogmatic demand that the loads should

be limited to the capacity of the existing roads.
The issue thus joined, the principals to the controversy -
 highway officials on the one side and the manufacturers on the other -
~wisely agreed to submit their differences to the test of mutﬁal dis-

- cussion; and out of the series of conferences which ensued there came

an agreement upon certain fundamentel facts and principles which have
served as the basis for a harmonious cooperation of the two groups,

and which now constitute the foundations of highway improvement policy

in all States.
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It was agreed at the outset that, for the first time in his-
tory, the weight of vehicles had become a critical factor in rural
highway design. Hitherte the minimum practical thickness of road
metal had been sufficient to carry the meximum vehicular. load.

The development of the motor truck had altered this situation.

It called for stronger surfaces that would spread its heavier load
over a wider area of the subgrade in order to reduce the intensity
of the pressure to an amount which the soil could support.

It was ciear also that whereas deterioration of the highways
had previously resulted mainly from the attrition of the surface,

a new form of deterioration approaching rapid destruction would
result unless the roads uvon which the heavier motor trucks were
being operated were strengthened so as to enable them t4 carry the
increased weights. And whereas, the amount of the deterioration
had formerly been a function of the volume of the $traffic and of

time, the new destruction by excessive weight might be caused by a
few vehicles in a very short time.

It was agreed, thercfore, that the highway officials must have
definite knowledge of the maximum weight to be supported as a first ,
condition of design; anrd this knowledgé was supplied, in a measure,
by the voluntary decision of the manufacturers to limit to 7§ tons
capacity the future production of vehicles. Engineers were thus

assured thet if, in the reconstruction of the thoroughfares upon

- which heavy trucking had developed, they would design to accomodate
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a vehicle of 75 toms capacity they would not see their handiwark
quickly destroyed by vehicles of much greater size and weight.

But this alone was not a sufficient basis far the design of
all roads. The build iy of rwds of sufficient strength to carry
7%—-‘5011 trucks required a heavy investirent of public funds, which
could be justified only if the economies inherent in the transpor-;
tation of goods in vehicles of large capacity were sufficient to
outweigh the incrsased cost of the roads. It was recognized clearly
for the f‘irst tine that the cost of highwey transportation is made
up of the cost of the highwamys aml the cost of operating the wvehicles
over the highways, and it was agreed that the comnon purpose of the
public highwy off icials, vehicle manufacturers and operators should
be to reduce the total cost of transportation rather tiwn one or the
other of the elemental costs. It could be proved tmt the mmber of
large-capacity trucks already using some of the highways, principslly
those radiating from and cormecting the larger cities - had é.]ready
growm to the point where the combined savings in operating cost wuld
more than balance the greater cost of yrovid ing highwy servic_e for
them. As to these highways there could be little doubt of the wisdom
- and economy of building 2 type of surface adequate for the heavy
truck traffic. Other roads, similarly located with respect to cities,
had not yet developed a sufficient amount of the heavy traffic to
repay the additional cmt of the stronger cmstruction, but it was
not difficult to fareseec that such & condition would develop in the
future. On the majoritv of the roads, however, tho development of

traffic of sufficient weight to jJustify the higher types of construc-
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tion was very remoto; and it was apparent that thoe one-time prevail-
ing cormlition of uniformity of traffic onm all roads had been defin-
itely broken down., Instoead, & new and much different condition had
arisen urder which the main intor-city rwmds were found to be cerry-
ing traffic far in excess of the much greater mileage of local roads.

Undor the new cdition the economic Justification for the
improvoment of the main reads lay to z far greator cxtent than formerly
in the roduction of transportation costs and to a lesser degree in
tho cffect upon the value of proporty. The main roads had becomeo
through traffic arterics, as distinguished from the more mameIous
local reads which continucd to bo of value primarily through the ser-
vice they ronder in giving aceess to the lande

As to the main roads, which carricd a wido-ramging traffic,
it was now cloarly apparcnt that the charactor of their improvement
must be comensurate with the donsity of their traffic: timt contin-
uity of improvemont was of the .highes‘c importanco; and that the
traffic was already so groat that the loss in oporation of vehicles
in the absonce of road impr ;:;veman'c would exceod the cost of imprqve-
ment. These roads also wore distinguished in onc other respect,
namly, that their traffic tonded to increase far more rapidly than
that which was to be found on thoe local ramds, tho condition of which
remained much as it had been. ‘Wherce the main roads carriecd long-
distancc traffic, the local roads served the traffic of 2 neighbor-
~hood; where the main roads were colloctors of traffic, the local
roads wore fecders and distributors; whore the traffic of the main

- roads temded to grow in dircet proportion to the growing use of motor
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vehicles and the growing resort of industry and the entire people
to highway transportation, the local rmds served the much lighter,
ard, from the standpoint of growth, far more stable traffic produced
by a single agricultural community.

It became apparent, therefore, that the economic justif icatio
of local road improvement would contimue to rest largely in the valu
and importance of the land that, in the main, the traffic would deme
only a low type of improvement; arxi that continuity of the improvemg
was not so essential as in the case of the min, through roads.

The reed of continuity in the improvement of the main roads
was the first of the naw conditions to be met with appropriate actio
Prom 1915 on, all States in rapid succession designated systems of
Stato roads, includin? generally the main inter-city roads, to be
improved under the more or less direct supervision of the State high-
way dermriments; and the soveral State systems were substentially
welded into & national network by the desimation, in accordance with
the Federal Highway Act of 1921, of the Pederal-aid highway system
unon which it is mww required that all Federal appropriations shail
be expended.

Contimuity of Improvement of the min roads thus assursd it
rema ined for a joint camittoe representing the American Association
of State Highway Off iclals and the Hzational Automobile Chanber of
Comerce to emmciate a pelicy with respect to the rste and remmer

of the improvement which could win general support ard adoptiong

Briefly that policy may be stated as follows. It is accepted

as a truism that the volume of traffic on the main roads is so great
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that the oconomies in transportation effected by read improvement
clearly outweigh the cost of tho improvement. This being true the
improvement should procecd as rapidly as available supplies of labor
and material will permit arnd without other iimit. All roads should
be improved to the degree justified by the operating savings that may
be expected to aceruc to the traffie, and no road should be improved
to any greater degree. Where the mleage of road to be improved is

so great that tho type of improvemant indicated by the traffic can
not be completed on the whole milege within 2 short poriod the mst
important sections should be raised irmediately to ultimate type, and
the balance of the mileage should be advanced through tho initial
stoges of grading, draining, and low-type surfacing in order to spread
as much of the bencfit of improvement as quickly as possible over the
ontire road system further improvement to awzit tho completion of the
first stage over the whole system. This is the practice known as
stage-construction, and it is the only foasible practice in the mumer-
~ous States in vhich 2 large mileage of main roads remins to be im-
~proved in the faco of a traffic alrecady highly dovcloped. It is also
the logical plan of developmant for the main roads of the States in

which traffic has not yet grown to the proportions just ifying high-

‘ In any casc tho stage-construction pilan takes aé:count of the
i?é;pid growth of traffic, which is 2 characteoristic ospecizlly of the
in roads, by providing fully in the initial stage for the subsequent
nstraction. Grades ond alignment are designed to moet ult imate |

requirements; drainage structures are built of durable materials;
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rights-of-way of ample width for the futurc arc obtained; and the
initial surfacing becomes the sub-baso of the socondpste}go surfacing.
Obviously tho soundncss of the plan is contingent upon the compleote
and contimuous mainteonancee of cach stage of the construction, 2 kind
of mintcnancce which - thanks to thc woer experionce amd the standard
established by the Federal Highway Act - proctically 2ll Statos are
now prepared to give.

The accoptod policy contomplates the improvoment of the mein
roads, to which the zbove mothods arc applicable, as 2 responsibility
of the States to be assumod through the cgency of tho State Idghwmy
departmonts, amd financed, in large measure, by the rovenues derived
from the taxation of vehicles and motor fucl. The local roeds are
viewed as the responsibility of the countios ond lesser sub-divisions,
With a few important exceptions, as in the vicinity of large cities,
the degree of improvemat required does not rise above the lower types
of surfac ing, the cxpense of which may be met, as it should be by
taxation of tho local land ard property.

These, then, arce the outstanding dovclopmants in highway improve-
ment of the post-war period: The class;ficat ion of bhighwmys sccording
to traffic density; the designation of State highway systoms in 211
States, the systems including the hoavy-traffic highways of State-wide
importarco; the intcrecomnoction of the State systoms by means of the |
Fedoral-aid system the improvoment of roads in accordamce with treffic |
| demands to the 1imit set by probable operating smfings; the stage-
construction plan of prmgressive improvoment of the ontire system and.
the devolopment of adoguate mintomence ;émvis ions, In thomain, aill

.arc outgrowths of the war oxporience fostored by Federal aid,
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Onc other great cdvance has charseterized this period - the
application of scientific roscarch to the problom of devoloping typcs
of construction and mcthods of administration ard finance adecquatc
to meet the demnnds of the fast-growing traffie. In this also the
initizl impulsc came from the Fodoral govornment, and, in cooporation

with Statc highwaoy dopprtments and universitics, it is contiming to
Support mumerous studies in soveral fiolds, as o result of which
thore is being built up gradually the structurc of ¢ new scicnce -
the scicnco of highwey ongincering.

The investigat ions include studics of tho characteristics of
‘meterials - sand, stono, gravel, bituminous mterinls, coment, con-
¢reto, and brick; determination of the forces zpplied to road surfacos
~ by standinz and moving vchiclos: of stresscs developed in the struc~
“turc by roads and bridges by live loads, and by tomperature and othor
natural causes; anclyses of subMe soils and tests of methods do-

' signed for their irmprovement; studics of the flow of water through -
‘ drainage structurcs, of the run-off from drainage arcas, of the offﬁc,t

of moisture on soils, and many others of fundamcntal importence and

value, -

Popular interest has contored upon the large scale tosts such
as those of tho Batos Road, for which cntire oredit is due the Illinois
Iﬂépartment, the Pittsburg (Calif.) exporimerts, the :mpact tosts at |
.-1ington, Va., and tho intensive studics of highway traffic conducted
by the Bureau of Public Roads in cooperation with the authoritics of
Connocticut, Maine, Pemsylvania, Ohio, California, Tennessec, and

Cook County, I1l,



~ B3 -

Much thot is of lmmedinte proeticsl benefit hos alroedy been
derived from theso investigntions; but, for the most port, they ore
dedicated to the futuro.

It is mt to be expocted thnt their fullest bonefits shall be
immediately reclized. The building of o scicnec is o laborious, a
poinstaking process, ord wo oro still but loying the groundwork which
is not ruch further ~dvoanced thon were the foundntions of the modern
scicnce of mediecine and surgery 50 years ngo. If 50 years hence the
scicnce of highwey cnyinecring has beon built up to the point now
attained by the physicions ond surgeons this cffort we are now putting
forth w7ill be cbundantly repcid, arxd not too lote. For the improve-
ment of highvioys in the United Stotes is o prwceoss vhich must be con-
timued indefinitely.

At the ond of 1924, cccording to roports received by the Burcsou
of Public Roads, there wos o totel of 3,004,311 milos of highwey in
the United Stoates of which 707,138 miles had t;een improved; in some
_dogroe, 235,471 miles by groding am droining md 473,667 miles by
surfceing. 0f the milenge surfaced, 64,086 miles wos improved with
sond-cloy, 246,357 miles with grovel, 60,467 miles with woterbound
m,cédam, 45,172 miles with bituminous mrecadom, $,691 miles with bltum-
inous concrete, 31,188 miles with Portlond cemant concrete, 4,710 miles
with brick and othor block poveronts, cnd 9,996 milos with various
‘ unclassificd types of surfoce.

It is idle to tolk of completiony vhen of theo threc million
- miles of our highmeys less thon o fourth hos beon groded, but o sixth

“hos boen swrfzced, and o sixtieth poved; when little more thmn hoif
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the mileage of the moin Stote roads hos boen improved with any kind
of surfocing, and thoro romein on those important ortories thousends
of unsubstantial onc-wmy Sridéos and dangerous roilrocd grado cross~
ings; whon the nurber of mota vehicles registered is doubling every
fifth year and the traffic with them; vhen the size of our citics,
and the mognitude of our industries, ond thp amount of oﬁr meteriol
wealth are increosing at an almost unprecedconted rate. So long as
those conditions comtimue wo shall contimie to build and meintain
and rcbuild our roods. |

At tho present rote we ore surfacing approximately 40,000 nmiles
a year and our ammucl eoxponditure approximates o billion dollars.
There 1s no indication of an corly reduction in thesc rates of con-
struction or expmditure, dwarfed as they arec by the snmnl production
of a 1,000-mile procession of motor vehicles and an onmunl expenditzgfe
for opcrstion gpproaching ton billions. As o metion we have‘jséi_; ot >
- hand to the ecomomic improvement of our moans of highway tramperta:- '
tion. It is not o tosk to be accomplished in a day. It fis, and must
be a contimuous process. Thore is but onc limit vhich may réésonably
bo set. It is this:; No road should be improved by oxpolﬁifmées of
public funds in cxcess of its earning copacity. The réthir .’tok the
public in the form of economic tronsportation is the soléﬁméas;ure and

Justification of the dogree of highwoy improvement.



