Paper-read at the Annunal Coﬁventibh of the Americaon Society of
Civil Engineers, Oct: 6, 1926, Philadelphia, Pa.
| THE HISTORY AND DEVELOPMENT OF RO&D BUILDING IN THE UNITFD STATES

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

Betwsen this Sesquicentennial year and the founding of .
the first colonial setilement at Jamestowﬁ the great svent of
1776 stands almost at thgmmidpo?nt of‘time. The~mén'whbwgathered
An thie city fo affix tﬁéi;'signatufeS"tofthe’Declaration'of
Independence looked back upon a period of American history a
little longer than that which has since wnfdlded. At the end
of their sesguicentennium the jouraneys they made from their
several homes were only slightly less arduous and time-consuming
than they would have been at.its beginaing, - Tpday, 150 years
later, the same journeys are made in' hourg instead of days aﬁd
days ingtead of weeks. ‘ |
The Signers insisted thaf they acted for thirteen independent
States. Today, we find 1t difficult to conceive of the States as
sepafate-commonwealths pussesging original aﬁthﬁrify and yielding
' 9nly to a restricted power which they, themselves, have conferred
on the Federal Go%ernmentm In the popular mind they have become
N6 more than the political subdivisions of the Republic.
To what extent was the form of &ur government, as originally
.Qstablished, the preduct of 1nédequéte facilities of coummnicétion'

between the Colonies; and what relation is there betwegn the_gra&ual
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t}énsfer of authority to the Federal Govefnment and the development
of the railroads, the telegraph and telephone, the radio; the motor
vehicle and the modern improved highways? I aﬁ convinced that we
~vould be a wiser peéple if in the teaching of American history in.
our échﬁols‘more tilume ware_given"to thc-stuAy of such fundamental
economic guestions, and less to the 1ivés and ambitions of political
leaders and the wars in which we have been involved by their
blundering.

As I read history I find i% an absorbing pursuit to.speculate
upon the effect of transpdrtaﬁion in shaping our destinies as a
nation. To what extent do we owe tO the general improvement oﬁ
roads which followed immediately after theéRevdlution, the preserva-
tion and gradval sﬁrengthening of the bond which preéaricusly united
the thirteen colonies?

What seeds of disunion are to be foupd in the fact that the.
later movements of the peoPie and the building of roads, canals,
.and_railroads wers mainiy wegtward both from the.Sautg and the
North; and that between the Hudson and the Mississippi not a single
Major %aterway mmns nort@ and south? |

What would now be the Western boundary Qf the United States
'if exploration‘end travel over the Ofegqn trailuhad.been delayed
by a8 mich as a decade? |

That conception of the true rTole 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 a new form of highway, to replace
entirel&"tbe comnon groads. o Qﬁher conception-and no less proftund
ignorance of the economics of railway transportation can explain
the hundredsg of thousands of_short lines, Withéut cpnnection or
possibility of adesquate revenue, which were built. And no other
concéption will account for the completé abvandonment..of the. common:
roads. - |

What imﬁortance as an underlying cause of the Civil War
ghtaches £o the fact that in 1850 there were less than 10,000
miies of such inadequately located railways in the entire country
and in 1860 but slightly more than 30,000 milesg? And what, in
view of the general agreemént that the South wag starved into
submission, was the effect.of the fac£ that in 1864 there_were less
than 6000 miles of railway under Confederate conirol, all in g
state of utter.disrepair?

"These are, %0 me, interesting historical spéculatioﬁs.

I find in the fofces with which they are concerned a'ﬁruer canse

of the course and progress of the nation then many of those of
'é purely politibal nature to which such importance‘hés been attached
by the historians, | |

| And I derive amusement also, as well as intellectﬁal profit,
-from thig étudy bf the history of transportation. ﬁhenever-l hear
opposition expresa@d to the grantlng of franchlses for the use of

the public highways by common carrler motor trucks, I think of

the completeness-with which the govermor of New Jersey digposed
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ofia éimilar ccmplaint by the assembly in 1707. Of the result
of this so—called monopoly he said: | |

"4t present sverybody is_sure, ovce.a fortnight, to bave
an opportunity of sendihgnany gquantity of goods, graat or small,
~-at- remsonshle rites, without being in danger of imposition; and
the scnding of this wagon is éo far from beiqg a greivance or
mOnOpolj, that by this mesns nnd no othsr, a trade has been carried
on between Philadelﬁhia, Burlingfon, Amboy, and New Yori:mﬁhich‘ﬁ_
wasg never known before, and in all probability never would have
been."

Let the legﬂl.retainers of the public scervice commissions
strive as they may I can think of./no more adequate answer to the
numerons complaints, which it is their duty to énswer, thanr that.

And when I hear ths fear expressed, as I frequently do,
that the improvement of roads and their use by motor vehicles will
degtroy the wsinegs of the railroads, I can ;bt but remember the
_inétance cited by a citizen of this State in an essay he prepared
in 1891 in the hope of winning a prize offared by the University
of Pennsylvania. He was informed, so he says, "by a gentlemsn in
tas tusiness ofrfurnishing road material that a prominsnt offfoial -
of a great railroad refused t§ deliver matearial for him at & poinf
on theiy road where it would have baaﬁ a great convoniince to have
had it, =nd gave as é reason that they did not wish to accommodate

the turnpike company that wanted the materialy &s their road vas
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too good alrasdy, sad was competing with the railroad to the
injury of their business.ﬁ |

If, in 1891, bafore aver the honk of & motor horn had
distorbed the qﬁiet gomolence of the peaceful Pennsylvaiia country-
gide a "prominant official of a great railroad" could scen%.daﬂger
in highwey improvimoat, I am not surpriged when in this day of

grgatest railroad prosparity, ?ther Torominent officials" betray

 Bimil-r fears, but I wonder whether by means of high rates on road
materials “they gtill hope to halt the proper deVGIOpﬁanf of highway
transportation!

These are merely faﬁdom historical allusions by way of
prefacgrtq the spzeifie subject of my pamer, which, as befitiing
the charécter ofmthig;pﬁeting, 1s confined to a review of the

'&evelopmentrof hizhway construction znd maintenanﬁe from an engin-
‘cering point of viiw.

Fith thé sxcention of the primitive strests of Jamestovn no
rosds were built in thes colony of Virginia by the first settlors.
The scttiements Were-close t0 the river baiks and faar of Indian
attack kept tha colonists from wandering far inland., The first
road law of fhe colony, which waé also the first American law with
résﬁect to hichways, was passed by the General Assembly in 1832,
It provided for the laying qut of the simple Ways which were required

by the smell scttlement in, the following torms:
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"Highways shallrbe 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
as the parishioners of avery parish shall agree.l.

Brief and clementary as were its torms it wag doubtless
.ehtirely adequate for a commnity in which, according to the
inventory of goods =2nd chattels made in 1625, there was but One.
horse, and that in the possession of the governor,

The first Nevw England layw of_pecord; and the sccond 0 be
passed in all America was enacted_in Magssochusetts in 1639, although
jsomewhat longer thaﬁ the Virginia act its terms were similar in their
_geﬁeral effect. It is nofable from the peint of wiew éf the engineer,
however, as the first law in which thare is any specification as to
 £he mamer in which the roads.were to be constructed. After providing
for the laying out of the roads 5yrtﬁo or three men chosen from every
ﬁan, and after carefully protecting the rights of property owners
*;éﬁm encroachment by”the road builders, it lays upon the locators
:ﬁhis single injunction: that "in common grounds, or wherc tho soil
is %t or miry, they shall lay out the woys the wider, as sii,.or
_eight, or. ter rods, or more in common grounds."

- In this law we find the first_provision, loose and flaxible
aszit wés, gofcrning the width of the highways. As yot there is

10 definition of the manner in which the ways were to be made; and
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it is not uatil 1664 that we fiﬁd in the regulations established
by the‘government of New York the first definite prescription ef
this nature. That part of the regulation was as follows:

" The highways.to be cleared as follow:th, viz, the way to
be made clear of standing and lying trees, at least ten feet broad;
&1l stumps and shrubs to ba cut close by the ground. The troes
marked yearly on both sides - - sufficient bridges to be made and

. !
kept over all marshy, swampy, and difficult dirty places, and
‘whatever else ghall be thoueht more necessary about the highways
 aforesaiﬁJ' |

But while we see heré the first legal definition of a
methoa'to be followed it is probable that tﬁe'regulati0n=merely'
embodied thé common practice of the day and thét methods and
pracéices very similar were followed in all the colonies.

| That but little advence had been made by the opening of the
eighteenfh century is indicated by the Marylandrlaw of 1704, which
fﬁéntains mich the same provisions with respect to clearing énd
‘grubbing, and merely increaBes the width to twenty feot. This law,
however, is of interest mainly because of its fifth section which
constitutes what is perhaps the first definite regulation for marking
Ofiroads in Amerieca, and, incidenﬁélly, indicates hew easy it must
heve veen 4o lose one's way on the rede trascke which served for

foads. This curious provision was as follows:
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"y, And that all the roads that lead to any Perries,
Court-house of any County, or to any church, or leading through
cany county to the port of Annapolis, should be ﬁarked on bath
sides the Road with Two Notches; if the Road lead to Annapolis,
the Road that leaqs there, at the leaving the othér Road, éhall
be marked on the face of the tree, in 2 smooth Place cut for that
purpose, with the letters A A set on with a Pair of Markiﬁ ~Trons
and~coloured; and so Withﬁéwg Notches all along tho Road; and where
ag 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
Mefking—lrons, and coloured as aforesaid. And any road on the
Eastérn Shore ia Talbot County, that le=ds to thelporf of ﬁilliémw.
-Stadt at the entering of the game,and in parting with of'diﬁiding
from any other Road, shall be marked on the face of a tree, in a
smooth place cut for that purvose, with the letter W, and so with
tm© nbtches all along the road. And the Roads that lead to any
County Court-house, shall have two Motches on the Trees on both
sides of the Road as aforesaid, and aﬁothgr ﬁotch a8 Distance above
~the other. 4nd any Road that leads to = Church, shall be marked
8t the entfance into the same, and at tho leaving any other Road{
vith a Slip cut ddwu the Free of the Tree, near the ground. .And
any road leading to a Ferry, aad dividing from other public roads,
shall be marked with Three Wotches of.cqual distance at the Entrance
into the samc. And thesc Rules and Methods the several Justices of

the Gounty Courts, shall, from Time to Time, give in charge to the
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ovareseers of the Highwsys, by them to be appoianted for that purpose;
who are likewise enjoined carefully sad strictly to obsarve and
perform the same, under the Pénalty aforesaid."

_ Along at least oae of these ancient roads in Southern Maryland,
still kno*u as the "Three Notch Road!, nofches, some of & remote
-date,; may still be discerned in ths bark of many of the oldest oaks.

The law in which this odd'provision was made coﬁstituted,
with minor amendments, the sole road legielation of the province
of Maryland for nearly threce geﬁerations, afd Maryland ﬁas not more
bockmard than the otber colosies. Indeed iy mist be said that
from the point of view of the road builder the progress made during
the entire coloninl period was practically negligible, =2s may be
seen from the foliowing passages taken from the work of the Maryland
«historian,w@homas¢Scharf;-“ * # % % wheyrs water routss were not |
svailable, the means of locomotion; thourh various, were all
primitive. Long journeys were made on horseback. People of
consequence rode in their coaches, with four horses attached,
the leaders mounted by liveried positilions. . So Washington came
from New York to Ammapolis, to attead the dall given there in
his hoanor after the veace. He left Jevw York Decembar 4, and
arrived at Annzpolis, Dacember 17, thirteen days to a ridd which
‘may aow be made inside of eight hours. So Tashington went to
Philadelphia from Mount Veraon to attend the Coastitutional

Convention, having to lie over at Havre-de-Grace all aight because
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it was*too stormy to cross the Susquéhajna. The stage~codch was
Just coming into use in this country at the time of which we write,
snd the importance of regular commuicatioz between one peoint and
other »as begianing to be seen. There were o fow, bub nov wany
post-routes, and thoss chilefly maintained by private enterprisc.

"The carriers' cart plied between Alexandria aud Philadelphia,
by way of Baltimore; the conestoga wagon was the means of commmnication
beteean Baltimore =nd Harrisburg, Frederick, Hagerstown, stc., while
these outlying Alaécs in their tura uére bfought into intercourse
with the baclkwoods ond the wildorness by mesns of strings of pock-
horges, * * * * Roads were all bad and ill-kept, narrow, obstructed
by gates and seldom permitting two vehicles to paés ong another. * * * #*

"The mood roads - comparatively good,we mean - &id the best
 post-routeg were due to private entcrprise. The Keat Islaad pogt—
route was owned by a Tilghmam, and Honry Callister threatened an
opposition unless it tv_a.é better managed. * * ¥ % It took a day of
almost £Wenty~four hours, to.ride from Elkridée Lﬂnding.to Annapolis
(about 30 milesb ~ yet the thrifty Germans of Frederick County
treded with Georgia by way of the Valley of Virginia, scnding their
ranufscturss of wool, flax mad leather o the backs of pack;horses."_

If such vas the state of the roads in the settlementd during
the Revolution it may bo assumgd that the fow foads which proviously

hod teen pushad westward agross the mountains were ovenr more prircitive.
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The first of thoso wss iaidAéut {1 1743 Yy the Ohio Company, a
party of Virginia gontiemaﬁ ho had been granted two rundrod
thous nd acres on the Ohio River betwzen the Honongahala and the
Kzavha on condition that a hundred familics should be sottled
on it in two years.

According to Hulbert: "The rosd was probably nothing more
than a blazed trail with possibly some alteration of route at
certain points; it may be tgat in low grouad which could #ot be
avoided the road was 'corduroyed!, but.this is quite doubtful."

It was over this rozd that Washington traveled, in 1753,
at the behest of the Virginia governor to inquire of the French
their rights to build forts on the Allegheny River. Kgain in 1754,
vhen war with the French seemgd inevitable, he made the same trip
ovar;phé_sgma road, this time‘taking with him 300 men and possibly
10 swivel guns, to move which it was necessary to widen and
strenéthen the road. Finzlly in the following year (1755).it was 
over this saﬁo road that Braddock advanced from Fort Cumberland with
2,200 men .nd 600 pionecers, leéding.the way, to widen and corduroy
the trail for the arry. This time the road was evideatly made with
some care, for wWashington complﬁined thnt the movement of the arny
was being delayed becouse the road-makers were stopping to level

"every mole-hill®.
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This, the first roed across the :ountains, was the only
one until 1758 when General John Forbes, sent against Fort Duquesﬁe
to redéem the failure of Braddock, built or rather oponed a new
one by way of Bedford and Ligoaier in Penngylvania; snd this read
with its predecessor remained és the only routes of white—man
travel across the mountains until'1775. |

In that &ear the Transyvlvania Company was brganized and
" Deniel Boone was sent to mark out the Wilderness Road through the
Cumborland Gap to Kentuéky. Though made l:ter them the roads of
Braddock and Forbes, the ﬁildsrness Road quickly becsme the most
importaat‘of the three aé a thordughfare ond For a time actually
outrivalled the Ohio River as a pioneer rsute.

- 0f this road 2 Kentucky historian says:

"The road marked out was 2t best but a treed. Ho vehicle

of any sort passed over it béfore it was mads a wagon.romd by
action of the State legislature in 1795. The location of the road, .
howevar, is a monument to thg skill of Boono as a pracficai engineer
and surveybrn It required a mind of far more than ordinary caliber
.to locate through more than two huadred miles of mountain wilderness
A way of travel whidh, for a mndred ysars, has remained practically
unchan?ed; 9#& upon wilch the State h;é stamped its aporoval by the

expenditure of vast sums of money.®
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But, though the State did undoubtedly apprbve and profit
greatly f;om the work of the intrepid Daniel, its épproval
apparently did not express itself in.any gubstantial way. For
in 1795 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 throtigh ﬁzﬁe Wilderness, and I think my
Self-intitled to the cfef 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 a Woodsmen and think my Self as Capable
of Marking and Cutting that Rode aé any other man, Sir if you think
with Me T would thank you to wright me a line by the post the first
oportuneaty and he Will Lodge it at Mr. Jom Milers on hinkston fork
as I wish to know Where and when it is to be Laat (let) so that I
may atend at the time I am Deer Sir your very omble satvent.
Daﬁiel,Boone.“

But alas, the contract was given to others, to Boone's great
disappointment. 'Suéh wag the experience of the first American
"enginesr® who took it into his head to "go into contractingﬁ.- How
wany have\been the similar experiences of his successors the record
dossg not state.

The mountains crossed, progress of exploration westward

was rapid after the Revolution. The pioneers opened the trails
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and fhe army follovei cloge behind, establishing forts for the
protection of travelers and scttlers against Indian attack. But
the “réai building” that was an incident of the advance of those
breve tnd adventursus spirits was invariably of the sort alrcady
described; thet is, . a mere breaking and blaging of trails in the
difficultfpl?ces; ana, in the open country, oaly the-cho%ihg of a
path which by continued use wés wora inte a well~m3rksﬁ route.

Frr the opening of certain of these routes, Congress, which;
uzder the Constitution was given.the right to gbﬁern the territories,
wa g prgad to contribute money, znd did actually contribute to a few,
among thcom the farzous . Natchez Trace which ran from Nashville,_Tehn(,
to Watcheg, Miss.,'and_ZaneTs Trace In Ohio. The character of the
work done on the former is indiéated by the fact that the appropria-
tion vas $5,000. ‘

Of similar char:ctox wére the great trails of the Test, on

-which exploration bogon early in the aineteenth century. In all

Cthe anas=ls of Amorica there are no more thrilling passages than

the records of the travels and the path finding of the pioneers

- who, following the Santa Fe, the Overl=md snd Oregqn Trails, settled
=nd held for the United Stotes the great dominions of the Wiest. The
highways they marked out were so truly romarkadlé that they are etill,
~in the mwain ths nrinoipalwrautes of travel in the territorics they
trsverse, One of thom ~ tho Oregon Trail ~ has bacn described as

"$he most remarkable road known to history * * * % . (Considering the
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faét 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 ho engineer sought out the_fbrds or built any
- bridges or surveyed the mountain passes, that theré was no grading
to speak of nor any attempt at me?alling the road bed; and the
general goo&.qﬁality of fhese two thousand miles of highway will
seem most éxtraordinary." |

Bup it will“not be possible in this paper to follow the
development of the routes of é;ploratiOn Westwafd, Our principai

concern being the study of the development of road cOnétfucﬁion
ﬁethods, we mst return to the Bastern States, where, immediately
after the close of the Revolution, the first great movement for the
betterment of Amsricaﬁ roadsrwas_at its inception - the establishment
of the turnpikes.-

The first American turnpikes of which there is record were
established in Virginia, Comnectiont, and Maryland. TFrom the
interesting book by Frederic J. Wood entitled "The Turnpikes of New
England"? we leara that Virginia led the way by the erection of gztes
on the roads leading into Alexandria from Snigger's and Vesta‘s_Gaps.
The travel on these roads had become so heavy that extensiye repairs
had become imperative and, the resoﬁrces of the territory traversed
being inadequate, it was proposed to set up toll gates as 2 mea0s

of enllecting the anecessary revenues, an idea suggested, no doubt,
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by the English cxpericnec with turnpike trusts Whiéh had hoon in
operation for at least twenty years proviously. Tha act of the
lcgislature ﬁrovidiﬁg for the orcetion of the turnpikss wﬁs passcd
in 1788, »~nd, as an :xisting road wag taken ovor aand th; only cénﬁ
struction nocossary was tho sraction of'the gates, it is safo to
: éay that thoey were in oporotion by 17854 |

4 hnavy travol péssod over thig road for soveral yoars nad

Ithe tolls imposcd by the logislaturs wére insufficient to maintain
its sﬁrfabc. Accordingly we finad that i 1795-representmt10us wcfc
made to the legislature thag'an artificial bed of pounded or ﬁroken
stonq" wag neezssary, 204 that the cxnense of thie, being too grony
té be financed by tho ususl methods, it should only bo assumed by
private enterprisc. This is the firét reforonce I have boan‘%bl§
to find to any form of coastructior rosombling what 1s now classéd,
very loosely, 2s @ macadom surface. It is probable that stone and
gravel surfacog had boen 1aid 4w Inglaid for some yenrs previqﬁsly,
ard thero may have been some more or less unsystemmatic usc of stone
in Americe also 2t aa earlier date; but it is reasoasbly cortain
thot this Virgizia rond was a2t least o:we of the earliest o be
deliborately wlamned a2s a stonc-surfaced highway. as 2 rosult of
the reprosontations mede the ¥ Fairfex and Loudon turapike-road
company! wosg inéorporatod on Deezmbar 25, 1795 aad given tho

privilog> of reconstructing. the old turipike from "Littl: River,
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- where the pregent tdrnpike crosses it; to Alexandria." The first
c?ﬁyany; finding the task too great, ﬁotﬁing was accomplished
.ﬁﬁdé? its charter, agd; in 1802, a new Gharter was granted to the
d?resiﬁent, Directbrs, and bompany‘bf;ﬁhg;tittle Rives Turnpike
GompannyA‘Un&ér this charter, with the help of the State of
Virginia,iﬁhich appropriated the "muster fines" in 1805 to the
purchase of 100 shares of stock, the 0ld road was rebuilt and
0pefated as a toll road for over ninety years.

The second and third tunrpikes were in Connecticut where,
in 1792, the Mohegan Roéd; between New London and_Norwich; and the
01d Post Road, in Greenwich were made subject to toll. A year
~later, in 179_:3; a gate was set up on the Reistemtown Road in
Maryland and later on other gates were e¢stablished on the York and
Frederick roads near Baltimore. These Maryland cases were followed,
in 1801, by the establishment of a gats on the o0ld road through
Cumberland Gezp in ?ennessee, and, in 1304, NXorth Carolina provided
for the construcfion of é 14-mile road through the Cherokee lends
3y:granting tpﬂthé builder the privilege of collectiﬁg tolls for
15 years. A1l these were government enterprises, and tﬁey are the
only exceptions to the practice, which was shortly to become
general,tgfualIOWing the turnpikes to be built by private capital.
Later these too were transferred to vrivate companies, but the

first road to be built in this manner wag the famous ILancaster

- Turnpike in Pennsylvanda which was built by the Philadelphia and
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Lancaster Turnpike Company, inéorporated by the goverzor on
Apfil 9, 1792. This road which was mors than 62 miles in length
was built at a cost of $7,450 a mile and was finally completed in
1796,

Following this example similar corporations were created
in rapid succéésion in all the States, and in his report to Congress,
Sin 180@,,A1bert Gallatin, the sszeretary of the treasury wag able
to report definitely that 770 miles Were‘completed in Connecticut,
" more than 3,000 miles ware undér construction or completed in Wew York,
and hun@reds of miles in other States. |

This same report of Gallatinls gives us the first dctailed
descri@inn of the character of the "artificial roads" which wore
built by.the sarly turnpike cqmpanies.

Referring to the road from Treaton to Brumswick in Hew Jersey
‘he reports that: |

"The distence is twenty-five miles; the groatest angle of
ascent, three degrees; and the road is nearly in a straigap line, the
only considerable obsfruction being the tsand hills'!, through which
it was nacassary to dig at the depth of thirty feet, in order not to
exceed fhe angle of ascent. The road is thirty-six fest wide} fifteen’
feet of which are coveregd with abouf six thches of gravel. A few
 wooden bridges, with stone abutments, aﬁd piers;have been crected
across the intervening streams. Thp Wholelexﬁeﬁse is.stated at $2,500

a mile."
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Of the road in Penngylvania from Philadelphia to Perkioman,
which;huq two branches %0 Willow Grove and Chestnut Hill, "he wroteﬁ
,’"Tﬁev&istaﬁce ® ok ok ok ¥ g tweoaiy-five miles aﬁd a quafte:;
the two branches extcnd one ten miles, a?d the other seven miles
énd a half;-making.together near forty-three miles. The angle of
ascént.is four degreaé; thé brzadth of the road fifty feet, of
vhich twenty-eight fset, baving a convexity of.fifteen inches, are
covered.withza stratum-either of gravel eighteen iachos thick, or
of pounded stones twelve inches thick. One-half of the stones
forming the lower part of the stratum are broken into ﬁieces not
more than five inchés in diameter; the other half or uppar-stratum
céﬁsists_of stones krokan into piedes 10t more than two 'inches and
a half in diameter, and thisg'differaace in the size of thﬁ stones is
—Tmﬁnte&'&éa-consé.d%f%hl&mtie&ct.,_._iidﬁ OT ST 'r'owis axtand.
on each side of the gravel or stone rdadi The five milss next to
Philadelphia havp cost at the rate of $14,517 a ﬁile; the other
fwenty miles and a half a2t the rate of $10,490 a mile. Yct therc
were no natural impediments, and qgl&rsmall bridgés or culverts
 were nécessary. The capital expanded on these twenty-five miles
and a half is $385,000; the tolls amount to $19,000; the aunual
repairs énd expensag to $10,b00; the nett income to about $9;OCO,

or a little more than threc por cent. on the capital sxponded.™
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Among Karyland roads he notes the Reisterstown turnpike,
two fwenty-four feet wide and surfaced with twelve inches of
pounded stone not more than three iaches in didmeter; the Frederick
roéd, 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_thé Potomac he reports that few "artificial roads
had been undertaken. One, which he briefly describes - the road
from Manchester to the doal mines of Falling Creék, in Virginia -

S was fhirty—six feet wide and gravelled and the cost of.twelve miles
he gave as $50,000. This construction, he reports, was sufficiently
substential to admit wagons carrying four tons.

TThe gréaﬁer progress made in the improvement of roads in the
northern parts of thé Union," he5éscribes, "to a more compact popu-
lation, which renders those improﬁements more necessary, and at the
same time supplies with greater facility the means of effecting
them., The same difference is perceptible in the number of bridges
erected in thersevéral States."

In this famous report we have &ireét evidence of the con-
struction, prior to 1808, of roads surfaced with both gravel and
bfoken stone. ¥m the case of the Philad:lphia-Perkioman road we

see the construction of a stone surface in two courses in a manner
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similar, except for fhc large size of the stone and the heavy
cromn and the adsence of rolling aﬁd sprinkling; to the methods
used 1h building_modern macadamn roads. Wherein lay the “dofpct"
of ueihg two courses, as mentioned in the report, is not made
claats

It i¢ not to be assumed, héwever, that thesc roads embodied
in their construction the principles of MacAdam, ﬁof dan we say
with truth that our present roads do. They were probably patterned
aftsr the roads then being constructed in Engiand, and the great
roadbuilder, whose name is now associated with any form of stone
‘surface, had not yst demonstrated the particular methnods which
. properly should be attribvuted to him. He was still epgaged in
the'ﬁreparatory studieé which led to the development of the methods
he first applied when he became the surdéyor of roads in Bristol
in 1816. |

According to Machdam's view, the function of the stone surface
was not to supﬁort the waight of_vehi@les but to form a covering
or roof over the matural soil upon which, in its dry condition, he
relied entirely to support the load.

"He, therafore, regarded a heav& course of metal as unnecessary,
énd large stone as positively objectionable in that a road so formed
would be likely to be more pervious than one-made of small stone.
His idea was that, "every pisce of sgtonae puf into a road, which

exceeds an inch in any of its dimsnsions, is mischevious”; and he
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based this conclusion not only upon.the thought that the use
of larger stone vould inereasc permsadility, but also, and
perhaps maihly; upon the greater tendency for-the lérg:r stones
t0 be dislodgad by ths wheels of vehicles. He was also opposed
to the use of heavy Crovas on the ground that they were unnecossary
for drainage vurvoscs and that they fendad to concentrate trafflc
at tﬁe'center and, thereby, actualiyrdefeat the ends of drainage
by cansing the formatieon of'ruts‘

Hig methods, exvplained in nis own words, were as follows!

"Ad no artifidial road can ever be made so good, and so
useful as the natural soil in a dry state, it is only necessary to
procure, and prasefve this dry state of so mu¢h groutid as is intended
t6 be occupiad by z road. |

"he first operation in making a roéd should be the reverse
of difeging a trench. The road should ﬁot be sunk below, but rather
reised abovwe, the ordinary level of the adjgcent ground, care should
at any rate be takeu, that there be a sufficient fall to take off
the vater, so that it should always be some jaches balow the level
of the ground upon vhich the road is intended t0 be placed; this
mist be done, either by making the draias to lower ground, or if that
‘be not practicabdle, from the nature of the couatry, then the Hoil

upon which the road is proposed to be laid, must be raised by addition,

g0 as to be sows inches avove the level of ths water.
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"Having secured the soil from under water, the road-maker is
next ﬁo secursg it from rain water, by a solid road, mads of clean,
dry stone, or flint, so selected, prepared, and 1aid, as to, be
ﬁerfectly impervious to water; snd this caanot be effected, unless
the“greatest.care be taken, that no eartﬁ, ciay, chalk, or other
matter, that will hold or conduct water, be mixed with the broken
stone; which must be so propared and laid, as to unite by its owm
angles into & firm, compact, impenetrable body. |

"The thickness of such a road is immaterial, as to its
gtrength for carrying weight; this ovject 1s élready obtained by
providing a dfy surface, over which ths road is to be placed as
2 covering, or roof, to presarVé it in that state; experience‘having
shown;.that if vater-pagses through a road, and fill the native
soil, the road, vhatever may be its thickuess, loszs its support,
and goes to pieces.”

It must be borne in mind that ¥acAdam appli=zd nhis art more
often to the repair of exiéfing suréaces than to ths constructioﬁ
of new ones, and in meking such repairs he particularly rocormended
and used.the nrocess vhich he callad “1ifting the road", which
consisted in loosening the upper porfion of the srﬁfaco and breaking
ail 0ld stones over about six ocunces in weight bafore applying the
ner stone. As he did aot have a roller to use he advocated apply-

iné the hew stone. 4s he did not have a roller %0 usgc
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ing the nev stones in thin courses allowing timé betwasn successive
éppliCations for the motal to be compacted ¥y traffic. He suggested
a thrse-time application.as desirable =nd particularly insisted
upon Ehp necessity of keeping the road well shaped during the
intervals vhen it wés béing compacted.

He surprised the members of the pariiamentary comrittes
appéinted%to ingquire igto methods of imprOviﬁg the tuarpikes and
highways by infofming them that he would prefer to coustruct his
surfécg on a soft foundation rather than a hard one, bacausa."when
& road is placed upon & hard substaice, such as a rock, the road
- wears mich sooner than when placed on a soft substance'.

This statoment elicfted from his amazed 1nterlocutor tﬁe
exciamationb "You dén't mean you would prefer a bog ™ To which
the calm reply waé; 1t it was not such a bog.as would not allow
a man to walk over, I sﬁould pfefer it;“

| With thése vlews, éo remarkably in accord;with the most
modern ideas, thefe.is scarcely 2 fault to ﬁe found, yet the fact
remains that they havé besn Honored mors in the braach thap in the
obsérvance in American practice, at least.

As MacAdam did not begin to practice his art until 1816 and
as his methods were essentially different from those which were
comzon at the time in England it is not possible that tho stone
surfacés cénstructed on the-fast maltiplying American'turnpikn—roads

piior to that date were macadam roads in the strict application of
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the term, though, from the descriptions available, it is @robablg
that thé& were notAunlike many -of the roads to which the hame is
now'apﬁlied.

.Whon, in 1832, it became necessary to repair the sufface
which had been consiructed on the Cumberland Road east of the
_Ohié River, the orders of Ocneral Gratiot, then chief of engineers,
were that fhe macadam system was to be followed, and this system
he defingd exactly ﬁs MacAdam had described it in his "Remarks on
the Present System of Road Making," publisheci in 1820. It is not
improbable that thiSIWas the first aprlication of the true'method
in America, and it may have been the last,

The story of tle National Pike has been told %oo many times
to need more than a dbrief reference here. The garliest act of
’Congress relating to it was passed in 1802 and simply prOVide that
5 per cent of the revenue received from the sale of Ohio lands sheild
'be set aside for public road improvement and that two-fifths of this
amount should be deveted to constructing a road from the.Potomac
River westward to tﬁe Ohio River.

In 1805, the building of the road from Cumberland to the Ohio
River was authorised, and the act further provided that the pr0poséd
road was to have a right of way of 4 rods, a roadway of 20 feet,
1% maximum‘gfade of 8% per cent, and a surface of stone, earth, gravel
or sand bf a combinat;on of these. Later, in Ohio, the width of

right of way was increased to 80 feet.
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The first contract for construction wos let Aoril 11, 1811,
and tho rood was comploted from Jumberland to iheeling about ten
years lotor. The total_length of this section is 131 miles and the
totel cost of construction was 51,706,845.20, or an average of
$13,029,35 a mile. The ontire scetion east:of Vheeling vis surfaced
with broken stone put down in two‘courses. Dhe sgpecifications providad
tiiat the stone for the bottom coursec éhould pass & 7-inch ring, and
that the top course, a d~inch ring, Tie toé course was 6 inches,
ond therbottom le ineches bofore compiotiag, ohd o8 the trafiic was

~
dupended upon to offect the compaction, tiwere is little doubt that
truivel over the road in springloss wigons was not unduly comfortablo;
especifnlly ws it is séid thit bhe enginedsrs in bh;rge of the ﬁérk hed
a vy of uructing'bﬁrriars virich ware frﬁﬁuuntly ghifted in order to
provent honest truveilers frqm using cuy wport of the surince iftor it
had become compuact.

The first wppropristion for coﬁtinuing TS “Nttional Rocds™ west
of the Ohio kiver vas mede in 1825, &nd the fincl eppropriation for
comploting 1t in Ondo wid continuing it in ludizoa and Illinois was
mads in 1838. he sootioh in Indiona vas coustructod vast cad wost
from Indianapolis, 4nd vas praciically completed beforo the Governmont

discontinued its appropriations, but in Illiuois no surifceing wes loid.
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Congross provided thot saly sroadiry shoald be dong on thirc gpection,
isr orcer that vhe gerermient mighﬁ ntey putrdown & osten reilrond on
thz grade 17 it so dosired.

™e tuenpika-roed companies, vy winioh the maiorivy of the early
artificial roéds ware vailt, were our first pub .is service corporations.
“hoy onerated under qha;fers granted by the State legislateres, sutioriz-
ing theﬁ'éitner to build and meintain an entirely new road or o tale
over ffum the p?blﬁc.the mainfenance of an exieting road..

Yhat now scem to be very seveore restrictions WG?O‘impOSed unon
them. They wore limit.d strietly to the building and meiateining of
a road, qnd wore not a2lilowed to do anythlng else., HRates of toll were

fixzed. in the.chorter end the nuﬁber of gatos to be erected was also.
cspecified, The locatlion of the road tras not intrusted to the judgment
of thosc who were investing their money but vas delegaﬁod to a'coﬁmittee
appainted oithor by theAlegislature or by the judge of the eounty court.
/

In spite of these restrictions the stock of the corpanies at first
was vorv attractive to-investorg; but it was not long ﬁefore it was
discovoered tﬁat the.raods could not.be expected:to vay o large return.
_Few of the companios were able to show, even at firgt, net cornings of
gmre than £wo or fhreo por cent: and s time ﬁent on ond the Eost.of
‘maintenance increased, as,_final%y, the railroad came to take away &
iargo.nart. of - the. traffie, even these small profits verished, and the
turnpikes beeame, gonerally, vory unprqfitable invdstmonts. Most of
the hundrods of commanies thet were orgenized had failed énd the roads

_hﬁd reverted to pubiic control by 1850: but a fow remzined in operation.
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'_af{er u fashion, until véry recent yeatrs, .their rozds anathome to all
who were compelled to use thom.

The word “turnpiko“ h#s come to be nssociated in our minds with
2 stone surface, mainiyg I prosume, bedouse the survivizg ﬁpikos"
wére 81l or practiéally all of thot character. Put in the early days
many of the companios, perhaps the majority, built only @ graded road.
In many cases the surfaco wos of gravol,rip othor shell, and in some
cases, in order to make the ronds paésablo the companies resorted to
corduroy. .Quito o large mamber, os wo.shall see later, wore incorporat-
_éd for the spceeial purwnoso of building-plgnk roads.,
. . s

.The railroads sounded the kncll of the tgrnpike ConNpOnies.
One by one ﬁhey‘caMO upon financial difficulties 80 groat/as to cause
them to give up their éhartcrs, untii,\by 1850, few*wgrc left in
'okistcnco. Withithcir‘passing o roads roverted to pﬁblic control -
which moant county control ; and so out of the picturc until the late
eightics, oxcopt for the rether curious voguc . of the plank road.

Tho first plank roéd on the contincnt and »robably in the world
was laid ot PDoronto in 1835 - 36, The originator is“bolicvod to have
boen Dr. Darcy Boultoﬁ. About toen yoars later 2 road vas built, in all
resacets 1ike the Toronto oxample, ot Syrocuse, K. Y. This ves probably
thoe first road of itsgkind in the United States. Within four years
;bver tﬁo thousand milog had beon constructe& in ¥ew York alone, at
aﬁjaVGrage cost of £1,833 & mile. Soveral veorc built, also, in Now
Jcrsey,-and 2 rusber in Vermont ond Connocficuf. At least one was
built in Messachuseotts. These, so far os the'record goes, were the

'

only castern developments; but the idea seread to the interior Stotes

and thore the plenked surfaces gy still be met wiﬁh occaéionally,
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_Of the comstruction of the plark roads, Mr. Fraderic YWaed,
Goriving is authcrity*f?om'the book'entitlcd "The History, St-ucture
and Statistics of Pinnk Roads", vubiished in 1850 by W. HKingsford,
writes as foliows:

| “They wore in noarly all cases of single track, laid on the
right side of the road as.ong.faced the large town to which it lod.
In the prairie rezions the planking lay on the originel surface of
the ground, but in some places a sﬁall amount of grading was needed
to avoid short, sﬁoep ascénts. The subgrade oﬁcp established, longitu~
&inal trenches were dug in vhich sills ngsisting of 3-inch plank four
andleight\inches wide were placed, ond on them were laid the planks,tﬁrue
inches thick and ecight fect long, ot right angles to the direction of the
‘fﬁad. Thersills were sot slightly below the sufface of the gfound, and
,thé planks werc pounded dovm to rost uvon them by moons of a large mallet
knovn os a "ecommander". Ho nails or pins wero thon neoded td hold the
plaﬁks down, and it is ¥oportod tﬁat it was hard work to take one of
fhém ﬁp.' ATtoer the vplanks wverc laid the carth vas nacked against §hcir
onds and soundly tamped into »lace. The portion of the highway not
-Oceupied by the plank road was usually maintained as o comion dirt road
and was_locally known asAthe,'turh—off‘ , beeause light loads hed to leavo

he plaﬂké and follow 1t whon passing o team procceding the other way.

-.in grder that s wagzon mizght regain the planked surfaco without its
_Wﬁééls sliding alonz the odges, fﬁe plaiie worc staggered, thet ig,
-6ne-half of them hod thoir ends in & straight line withh cach other,>while

the other half vore clternately advanced to a’line Six inches faxrther,
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out, producing a border effect like the battlements bf a castle,
Ordinarily two.stringers were used but occasionslly three. Ovar.the
completed planking a 1ayer of gand was spread and maintained, which
preserved the road by reducing the cutting by the calks of the horse~
gshoes. It was claimed for this coating that afsaving of fqrty tq fifty
per cent was secured in the wear of the road. Very féw doublg—é?ack
roads were ever laid, and in the few cases it was preferred %o lay two
single tracks, apart from each other and supposedly on opposite sides
of the !tura-out!,

%Yellow pine was preferred fer the planking in Central New York,
-on account o£ 1ts durability and freedom'from.knots, but hemlock and
white pine were extensively used while beech, maple, and elm were
employed in some places. ¥ * * * Of course the plénks would rapidly

“decay, and it was considered necossary‘to figure that a road would
have to be rebullt at the end of every seven years,"

If we now pass immediately to the later eighties we shall migs
no déveiopment of any importaace go far as the highwayslare concernad
except the inventions of the stone crusher by Blake in 1858 and of the
steam road roller by Lemoine in 1859, and the former, at least was
apparently not received with enthusiasm because we find the author
of a prize~winning essay in 1890 writing that:

#Hand-broken stone ig mach superior to that crushed by a wachine,

' Whlch is generally of irregular shape and seldOn cubical, so that it
‘does 1ot readily bind together, which is the essential qualification
.°f tacadam,"

Some time during this period, probably after 1876, the third

Qr-binder course was added to the macadam process. Q. 4, Gillmore
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in his ﬁookfantitled “a Practical Preatise on Hesds, Streots, ;§d
_Pﬁfémcnts“, publishoed in thot Foar, hLKas uo roference o it, axéupt
&5 a top drsssing of gruvel or oarth_sprea& on «fter thoe rolling of_
the last application of stono. This is -tho method which was practiéé@
gven in Mupdcom's &#y and which he strongly disapproved. The consolidh-
tion of tho roond with stonc chips fiuéhq& aid rolled into the surface wos
_apparontly unknovn to éillmore w;un the first adition of his book waé
printed; but som: time botwaoun 1876 ﬁxd-lB?O it bocame tho cormon practica.
I%_éas during thd lettoer péft of this szmo poriod {1850 - 1890)
- that the first brick and shoob Rsphait-surfaccs viore lzid; tho brick an
"Gharleston,_ﬁ.'Va. ia 1872, cnd the first cxtonsi?e shoet asphalt sarfaco
on Pennsylvauia avenue, in Washiasgton, in 1879. Prior to the lavtor
date the first roék asphnlt surfice hed been leid opposite the Gity Hall
in.Nuwark, ke J. This was in 1870; &nd thure are conflicting eloims to
priority in tho,cpnsﬁruction of.short uﬁporimumtal soctions of shoot
asphalt, one being tact tac first seetion vas loid in Hawz York in 1873
aﬁd tho otngr that it was in-Vashington Sguore, Newurk, in 1877, For
many yoars. louwever, construction'of both the brick and zsphult sﬁrfaccs
wes confined to citivss Unbil 1890, ot loest, tie only motoriuls
gﬂnerally cousidured as practical for surfocos of rur;llhiguuays Yure
:brokon stone, gravel, and - vhoro the metericls vore availabic - shell
and slags Thou ;attor vers loid in fho.samu menner os grovol cuad stonc.

Tho plank surfage was alroady condemned. Surfoces of "burnt clay™ 1/

./ "Roed Lizging and Moistonsncs”, by (horles Punchard, published vith

othor gssays in "4 iiove ¥or Buttor lozds"“, Univ. of Po, Pross, 1891.
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had been suggésteq 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, and the league itself as the
first of the influences which have ied t0 so great a change in the
pudblic atﬁiﬁude. One of the principal objects of the ofganization wasg
to secure better roads and it worked energetically to attain its purpose:
but it ﬁas nbt until 11 years later that the first tangible result of
its efforts was accomplished .in the passage of the first State~aid law

in Yew Jersey. Writing in 1889, Jeremish fienks, 2/ pictures the

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

condition existing at that time when he says that:

"A very large proportion of our people, too, have never seen g
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
sitnation. With one exception it was alsc the first instance in which
any State had undertaken to participate directly in the construction of
roads. The exception is Xentucky, which had a State highway department
and 2 well defined State road policy from 1821 to 1837, and during that
period compieted upwards of 340 miles of roads.
| The next fruit of the wheelmen's éfforts is found in the estab-
lighment of the U. §. Office of Road Inquiry in accordance with an

act of Qongress approved March 3, 1893. The purpbse of the office
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as defined in the statute was to moke inguiries in regard to systems
of road management throughogt the United States; to make 