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Wherever the importance of twp great trading towns, or com-
mercial countries, can bear the expence of a lock canal, it may be
conftructed; but it is impoffible to branch off into the lefs important
or poor diftri€ts with large boats, which carry with them all their
confeqﬁcnt expences : which is not only unmechanical, but im-
politic, in two refpeéts ; it excludes the benefit of water convey-
ance to fuch diftricts, towns, and hamlets, and bars out a trade
which ought to be drawn into the canal to the beneﬁt of the pro-
prietors.

But a {fmall canal, forming a communication between two impor-
tant counties, is fo eafy of accefs, in confequence of the fma!l boats,
- that lateral cuts are eafily conftructed; they confequently will extend
into the country, and others from them into every nook apd cor-
ner where forty or fifty tons per day can be colleed : thu& “the
country will be nourifhed, as veins feed the conftitution ; and the
canal become 1mportant like a river receiving numerous fhe.lma
while another advantage of the finall boats, that ‘of moving flow
and taking quantity, or conveying a lefs quantity and paffing with
the rapidity of a coach, which will mofl manrm@amm&ue merchan-
dize and valuable articles, will take in almoft the whole ponderous
carriage of the kmgdom 5 which arcum&ance will draw immenfe
quantities of trade on canals that muft for' ever be excluded on the
lock princwple. © The canal being alfo cheap, and fuited to a {mall
trade, yet adequate toa trade of the firft importance, confequently
the boats of one. ‘may navigate the other wherever canals extend
- perfevering regularly tﬂmughout while their cheap formation is
the greateft pofiible i ent to their conftrution: 1 fhall there-

'fore bring this fub-je&;ﬁ a few queftions, whlch I:wtmfh %ry

fpeculator to apply to hisown déliberations.

ok,
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Firft, Asafmall canal, averaging fhe fituations, may be conftruc-
ted for one half the fum which a canal for twenty-five ton boats
would coft, or about one third the expence of one for forty-ton
boats; Is it not better for a fublcriber to have as good a profpect of
receiving ten or fifteen per cent. by the fmall, as five by the greater
work ; yet, guarded againft any material lofs, have every advan-
tage which the large canal could give ?

Seccondly, In conftructing a navigation, is it not better 1o expend
33,000l in a fmall canal, and have the profpe&t of drawing in
numcreus connections by the cheapnefs of the fyftem, than to
{pend 66,000l. for twenty-five ton boats, or 100,00cl. for forty-
ton boats, in forming large canals, toaccommodate 2 few unufual
articles which the {mall boats cannot convey, and therchy prevent
the poffibility of lateral cuts; which would return infinitely more
trade into the canal than the fmall boats exclude * ?

Thirdly, Which will command the moft trade, the fmall boats,
by the cheapnefs with which they may be extended into every dif-
tri¢t where there is any thing to carry; or thelarge boats, by their
capacity to contain unufual and bulky articles ?

Fourthly, Or will the confequence of thofe unufually bulky cons-
modities be put in competition with goods of medium dimenfions :
which are certainly ninety parts out of a hundred of the whole

carriage of the kingdom ?

s ] i, . - - '_'u.

Fiftbhy In a national view, is it not better to have three hundred
nﬁ&a of canal for the fame mohey which it now cofts to make ore
. Tbeg G%mcn_to confider what are the Lhiné: yﬁi:h cannot be conveyed in boats
vwenty fetlong, four feet wide, remgmbering my provifion for timber.

P2 or
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or two bundred; and extend the cofiveniencies of water-carriage in
a two or three-fold proportion ?

Sixthly, If a company are about to expend 300,000l in a canal
for forty-ton boats, the canal only thirty miles long*, when ninety
miles might be extended into populous diftriéts for the fame money;
which, in common fenfe, would make the beft'return to the
{ubfcribers?

Sewentbhly, It is not a fair criterion to judge of the application of
a fmall canal by thefé circumftances?

Eighthly, Is it not alfo fair, to compare the intereft of the prin-
cipal faved, by adopting the fmall, infiead of the large boats, with the
expence of transferring the cargoes from large to fmall boats ;
confidering, that the transfer of cargo will fall on the freighter ¥

Ninthly, To view this fubjett to its extent, as of individual and
national importance, will not the fmall boats draw infinitely more
trade into the channels of canal conveyance, in ‘confequence of
their cheapnefs and expedition, than can ever poﬂ'lbly be donc by
the large and expenfive mode of locks?

Tenthly, Will not this {yftem draw almoft the wholé carriage of
the kingdom on canals ; the greater part of which muft for ever be
conveyed in wheel carriages, if the lock principle is purfued?

Let each fpeculator, or member of a committee, contcmplatc
thefe queftions, and confider the procefs; let them. propole thefe
-quc[hon.. to their englnecrs, anﬁ quueft an anfwer ; ~and ¥ havew;
doubt of d.l.{CI.lfﬁOD drawing. the 1a¥ge boats out of the ftreams’ "of

Thu is the cafe:in many emngls, or ngarly this L. 2y 8
preju-
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prejudice, and launching them into the rivers, their natural and
proper fituation.

Having put the queftion to engineers, I conceive it neceffary
to be preperly underftood by them : for I really have as a great
a‘defire to be in harmony with all men, as to harmonift the canal
fyitem.)

I do not therefore mean to call their abilities to account, by
this queftion, or to find the leaft fault with the works they have
‘conftructed ; the lock-canals, though hmited in their extenfion,
and imperfeét in their principle, were not invented by them ;
they hdve but profecuted the principle, as the beft method hitherto
known for gencral utility.

When a company of gentlemen wifh a canal, they apply toand
give credit to the reputation of an engineer ; he confequently éts
to the beft of his judgment, which judgment is ufually formed on
eftablithed cuftoms; and which, in many inftances, has been
Judicioufly exerted, Bui if fuch a fyftem of operation was in-
variably to be continued, there wouk! be no more fcientific im-
provement among men, than in a bed of oylters.

I therefore look upon it as a duty in every man, who has the
leaft preteniion to fcience, to inveftigate every plan, which has even
the refemblance of improvement ; and he is refponfible to his em-
ployers, if he periifts without pafiing his candid judgment; his
_;udgment fhould alfo be put to the teft, by oppofing it to one
| verfed in the fubjeét; and thus light would appear, as friction
mgs forth the fparks of latent fire.

I am
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I am aware, this challcng.e to a fair difcuffion may be con-
{trued into felf-importance in me, by oppofing my opinion to all
others: but be that as it may, I deem it indifpenfably neceffary in
all improvements of a public nature.

A man, unthinking, may turn up a tuft of earth, and find a
vein of gold, . which intereft will urge him to purfue : I, by
chance, ftumbled on this {ubject, by turning over a news-paper, or,
in all propability, I fhould never have thought of canals. I men-
tion this to fhew, that I do not arrogate to myfelf a great deal of
the ingredient which is called Genius ; but that fome of the moft
ufeful difcoveries is the produce of accident. I found the,(ubject
ntercfting, and I have had the pleafure, in profecuting it, to
find it worth purfuing. It has alfo been fome fansfafhon, that it
appears of national importance: and, as I conceive, I havu now
removed the principal part of the rubbith (except one firong firata
of prejudice), and got my machines ready to work, I lay the en-
terprife open to the infpection of all, in order that, if there is
any intrinfic worth, it may be affayed ; and, I have fome hope, it
will not all evaporate in fufion.

Thercfore, I do think it moft ferioufly important, for {pecula-
tors and their engineers, to confider this fubjeét well, before they
bring their bills into parliament, or profecute another-canal. If
the fyftem is found, the fooner it 15 adopted the better; if not, let
1t be buried in its own infignificance.

As 1 veneratc hberahty mg the light of reafon, T defpife the
pufillanimity of the :ndmdual;* who, like a dark’ Ianterq, -conagal
the light he receives. Tﬁcreforé'; fwhether this ‘ig a. gleam r

ing frm'n a- bnlhant rcﬂe&or, or the pale gh.mmc fini " of ‘ﬁ’f-
;ﬁ;mma_blg
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flammable vapour, Iam deterruped at fhall not be confined ; and
my reafon is, that many ufeful improvements (leep for ages, for
want of the fire of energy in the projector, while the only mode of
proving their utility, 1s to bring them to the telt of difcuflion :
I, therefore, feel myfelf quite ready to mect every objection to
this fyftem of fimall canals ; and, for this purpofe, I here call on

engineers, or others, who think proper to anfwer the arguments in
their favour,

¥ they cannot do this, T hold myfcelf perfeltly juftihable in
criticifing on the wqus of thofc men, who may hereafter either
wilfully, or ignorantly, profccute the lock principle, and draw
their employers into the confequent errors = 1 will therefore, once
more, revert to the comprehenfive view of the fubje@, Which will
draw the moft trade into the channels of water-conveyance, large or
fmall canals; and which confequently will produce the greateft
benefit to fociety ! It will therefore be a feeble {ubterfuge to at-

tempt to evade the queftion, by faying, this may do for fome
canals, but not for ours. ‘

Such a reply would alfo be impolitic, and exhibit a limited fenfe
of the fmall fyftem ; for, as I have before hinted, T will now affign
my reafon why the fmall canals will ruin the large ones.

Which is, that when the fmall canals are well underftood, they-._
will become fo numerous, and perform the work at fuch low'
tonnage, as to-reduce the lock canals, or their gmoluments, which
is, the fame thmg, to the utmoft mﬁgmﬁ.cance, by drawing off
thgir trade, as lock canals now draw the trade out of rivers.

‘f’hc proprietors of the lock canals, wnlf ‘then haye little more

bullkey articles ; and it will then be feqn, what proportion
‘theyp beat to th.th: of . medium’ tﬁmcnﬁous
4 To
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To give fome idea of thm, I bcg the proprictors of the Leeds
and Liverpool, Lancalter, Rochdale, Grand Junétion, Kennet and
Avon, Ellefmere, and various other canals, for river or forty-ton
boats*, to fuppofe a fmall canal running fide by fide, or to the fame
points ; which fmall canal would carry all articles of medium
dimenfions for one-third which the proprictors of the large ca-
nal could afford ; where then v»ould be the objeét of transferring
cargo?

The fame tonnage which would produce five per cent. to the large
canal, would be fifteen per cent. to the fmall company ; and, as fif-
teen per cent. 1s a comfortable profit, they, for the fake of engrofi-
ing the trade, might continue to reduce the tonnage as the tra d
increafed, which ftill retaining fifteen per cent. to the {mall com-
pany, would prevent the larger from ever rifing above five. tThus
the fmall canal would abfolutely be a diftator to the larger
work, and fix its emoluments, above which it could not arife;
but might be reduced to lefs than two per cent. if comPetition or
difputes arofe, the fmall canal ftill receiving five per cent. The
reader will now judge, whether I have ufhered this op;guon into
the world without fome reafons to fupport it: he will alfo. con-
fider, whether any man would fubfcribe to large canals, taking
upon himfelf a part of the rifque attendant on fuch heavy works,
when he could not, ‘at the utmoft, receive more than five per cent.

From thefe con,ﬁderatlons, it is alfo a natural con;iuﬁom that
the large canal companies will endeavour to Prevemf thofe {mall
works interfering with their trade and, in cafe of danger, ﬂy to
Parliament with bills of mﬁmg reftrictions. But:'f Hope, a' vﬁk

Tweaty-ton bom’«iﬁ "like proportion,

“Féeiflature
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Legiflature will fee, that compctrtlon 1s the truc pohlh of fociety ;
that to reduce the expence of pubhc works, is to unprove the na-
tion, and will thercfore take off many of the reftriétions with
which they are now fhackled. "

‘As far as my judgment extends on this point, I conceive, if
Parliament guard landed and mill property, alfo the feeders to
eftablifhed canals, the rclative effect which the trade of one may
have on the other, fhould never be confidered ; 1f all reftritions
of this Kind were abolithed, canal f{pcculations would fill find
their level ; and competition would reduce the expence of carriage,
which is the real object of canals : competition always takes as little
profit as it can afford, monopoly as much as it can draw out of
the freighter; therefore competition fhould meet with every en-
couragement, reftritions fhould be as few as poflible, and cir-
culation as free as the air wc breathe. Till this is the cafe, the
nation never can reccive the full benefit which ought to arife from
water conveyance.

Q_ CHAP.,
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L HAP XX,
PLATE XIII. REPRESENTS AN AQUEDUCT OF CAST IRON.

1[N conftructing an aqueduct by this means, the butments and

piers being raifed, it will only be neceffary to extend two
pieces of timber acrofs the fpan; each to be braced back to the
piers, and covered with plank to form a ftage or fcaffolding ;
which will anfwer every purpofe of centres neceflary to works
of ftone.

The iron-work, as in the fe¢tion, may all be caft in open fand,
and of the following dimenfions ; fuppofing the fpan one hundred
feet, and the fpring one fixth of the fpan. |

Firft, Three fegments of a circle, each in three pleccs, about
thirty-fix feet long, eight inches by four dmmeter, to-be united
as at A. Second, three ftrait bars, to extend from one pier to
the othar, to be of the above diameters, may alfo be caft i in three
PlCCCS whxch bars are to extend along the top. of the fcgrﬁents to
‘the plcrs, and form a line parallel to the honzon the bars and
fegmcnts to, hl: “united by perpendicular ftirrups, lxke B, ten or
ﬁftech feet diftant from each other.

_The mortife in the lower end of the ftirrup being | thlrteen inches
:,;lonlg mll be fuﬂicxent 10 '-mcewc the ﬁ.gment, and" lea‘ve rpom

for'a hole two inches fqi '_'“; . fhrough whmb. a crdfs-bracc, f is
ace’ to

to. pafs and faften- thc fcgmcnﬁ At proper d:l[hinges ; the _b'
7’ - “"haye
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have a mortife calt on each fide of the ftirrup, in order to tighten
the work by wedges.

On the top of the ftirrup, the fquare hole to receive the crofs-
brace may be beneath the mortife, as in the Figurc; by which
means, the whole may be combined and form an iron ftage to
{fupport the troughs

The .trough platcs fhould be at lecaft one inch thick, the fide
plates fix feet broad, and as great a length as can conveniently be
caft ; which may be performed twelve feet, and perhaps more, in
lengthe the flange to be outfide on thefc plates.

The bottom plates may be fix feet wide, thirteen feet long,
feven feet plate, and four arms projecting, each three feet long,
in order to fupport the horfe-path and braces; as exhibited by a
bottom and fide-plate at D.

Two of thefe plaics laid acrofs the ftage, and fcrewed together,
with the flange undcr, will compofr a length equal to one of the
fide-plates ; which may cither meet or bicak joint as is thought
proper. The whole may, in this manner, be fcrewed together,
on packing of wool and tar ; and have the fc:tms pltchcd like thofe
of a fhip. iy

On the plate.s compofing one fide of the trough fmall brackets,
about thn:c fect from the top, muft be caft, as at E, in order to
apport | the horfc-path, perpendicular rails, eight feet long, be-
» raifed from the arms of thc bottom plates, will fupport the
mefide of the horfe=path, alfo the iron railing, as in the fection.

Q2 By
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By this mode, two patterins wifl anfwer for the whole of the
trough-plates, and but few will be required for the {prings, rails,
and fpurs ; while the faving in time and expence will be confidera-
ble; particularly where it is ncceflary to bring the ftone by long
land-carriage ; for the arches being difpenfed with, and the picrs
not more than one-third the dimenfions neceflary to an aqueduct
of ftone, will moft materially reduce the quantity ‘of mafonry.

But, according to the various circumftances of fituatien, car-
riage of ftone, iron, &c. the difparity between the two medes
will be eafily determined, added to which, the durability may be of
fome importance.

In aqueduéts of ftone, one of the great difficultics is to line.
and puddle fo tight, as to prevent the water penetrating into, and
injuring the mafonry ; but in one of iron, fhould a lcak take
place, it will inftantly appear; and on fhutting the ftop-gates at
each end, and difcharging the water, it may be ftopped in a few
bours, if not minutes : this circumftance, in aqueduéts, is, per-
haps, one of the greateft prefervatives; they are confequently lefs
liable to injury, and only fubject to the corroding tooth of time.

CHAP,
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CH AP XXL

ON BRIDG IS,

HOUGHTS on aqueduéts, and their conftruction of iron,

bear fo near a relation to bridges, that the ideas naturally

tend to that fubje@®, and hence I am led to offer fome drawings
on their formation of iron and wood.

In thés country the attention of enginecrs, of late years, have
been much engaged in bridges of iron, which bridges are progret-
fively expanding as experience produces courage ; nor fhould I be
furprifed, if genius in time gave the mechanic rainbow of one
thoufand feet to wide and rapid nivers.

In fuch countries as Ruffia and America, an cxtenfive arch
feems to be a confideration of the firlt importance: in croffing
their rivers, as the rivers, or even rivalers, in time of rain fuddenly
fwell to a great height, and in the Spring, on breaking up of the ice,
the immenfe quantities which is bornc down with a rapid ftream
would, if interrupted by fmall arches and picrs, collett to fuch a
weight as ultimately to bear away the whole; it is thercfore necef-
fary that one arch fhould be extended as far as poffible, in fuch
fituations, and fo high as to fuffer every thing to pafs through ; or
the inhabitants muft, without fome other expedient, {fubmit their
paffage to the cafualtics of the weather.

'mk‘gnoﬁ? extenfive fpan of wooden bridges, as far as I am ac-
quainted with the fubject, are thofe of Schaff haufen and Wettingen,
in



118 A TREATISE ON

in Switzerland : the ficft, conftrufted over the Rhine, is formed in
two fpans, onc of one hundred and feventy-two feet, the other
one hundred and ninety-three, amounting to three hundred and

fixty-five, fupported by one picr, relative to which there has been
numerous arguments.

The pier being the remains of an old br u:ige, and the artift ha-
ving exprefled his defire to crofs the river in one fpan, or arch ;
but being over-ruled by the magiftrates, who ordered him to give
it a bearing on the picr, it is faid he feemingly complied with their
injunctions, but fo contrived that no part thould atually touch
the pier ; yet the pier is not in a line with the buttrefles, but out
of the re@ilincal diretion cight fect, forming an obtufe angle;
and this circumfitance is fufficient to convince me, that it muft reft
on the pier; therefore the greateft arch cannot be confidered more
than one hundred and ninety-three feet ; yet certainly a confiderable
ftretch of genius, and a ftrong inftance of the curious fabric in
which fhe frequently refides, the artift, Ubrick Grubenman, being
a common carpenter, without the leaft Lnowlcdge of the princi-
ples of mechanics.

In a drawing which I have feen, the leading beam, compofed of
two pieces taid on each other, rifes ] ina fpring of about twenty feet
over the picr, fimilar to the principles of a roof, and braced by per=
Pcmhculars and diagonals, in order that it may preferve its pofition,
{o that in [ome degree it opcrates like an arch, althqugh In appear-
ance the framing refembles a right line, the wholc being roofed ; a
man on foot croffing this bridge will feel the whole fabric tremble,

yet it is fufficient to fupport waggons heavily loaded, "and bears
every hardfhip ufial to bridges.

The
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The bridge of Wittengen, qver the Limmat, is a fpan of two
hundred and forty feet, raifed about twenty feet from the water,
and may be faid to hang between two bows, the fyftem by which
it is fupported being a ftrong bow or arch compofed of cight tim-
bers bolted on each other to create breadth, and back up againft the
weight, one of the bows being on each fide, forming a {pring of
about twenty-five feet; the horfe road is fufpended between the two
near the centre of the bend, this is alfo 10ofed, and by the mode
of combining, has more fimplicity and true mechanifin than that
of Schafthaufen, although conftructed by the fame felf-taught

artifl.

CHAP.
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CHAP XXIL

PLATE XIV. ON BRIDGES OF IRON.

tive to the conftrution of bridges of iron and wood ;
cach artift feems neceffitated to refort to fomething like an atch, but
differing in their mode of producing it: they frequently create
labour and expence by erecting a complicated fabric.

Q- LTHOUGH various have been, and are, the opinions reld-

But, on this head, I conceive the firft care is to have {ufficient
butments ; after which, let cach fegment of a circle, compofing a
rib, be formed of fingle pieces as long as can conveniently be caft;
and it is evident, a circle muft be comprefled into a ftreight line,
or the butments feparate before the bridge can come down.

It is therefore only neceffary to form a fegment, fo that it may
not change its pofition, by finking in one part and rifing in another,
by the various weights which it may have’ to fupport, alfo guard
againft yiclding fide-ways ; for this purpofe, the great quantity of
ron or wood is not {o material as a judicious arrangement of
the parts. E

In iron, or wood, the artift .may be furnithed with pieces of
greater length than poflibly can be obtained of ftone; - confe-
quently, there will not be fuch mumerous joinings; and thus the
{pan may be further extended : on-which fee Fig. I,

Thas
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This reprelents a fegment of *iron fixty fect long, cight inches
broad by four thick, and may be confidered as a fingle ftonc of
that length; which being placed between butments and the {pring,
preferved in a perpendicular direftion, let five weights be fufpended
at.cqual diftance; and, in all probability, though cach weight
amounted to twenty tons, it would {upport the whole yive cqual
to onc hundred tons: yet, lct one wight of twenty tons be ful-
pended Dbetween the centre and end, as i Iig. II. and 1t is rea-
fonable to fuppofe, the whole would come to the ground, as the
weight would comprefs one part and raife the other, deitroying
the fhape of the fegment, and preventing the direct longitudinal
prefln of the parts on each other, for want of counver-weights
to preferve the equilibrium.  'Therefore, after forming a fegment,
the great point is to difpoft of the braces, foas to divide the weights
cqually on the curve.

To cffect this, Tig. III. reprefents a fpan of one hundred and
thirty feet, by a fcale of one inch to twenty feet; and is an
arrangement of parts which, I conccive, would ftand without
butments, this may be confidered as a bow and fhring; which
ftring, by keeping the bow bent, anfwers the purpofc of butments;
all the other braces being for the purpofe of preferving tie how
and fring in their proper lituation, by dividing the weight on the
bew. For inftance, a weight over the perpendicular B, will tend
to extend 1, and 2; in which cale, they pafs on A and C, and they
pull down the bow at I and G ; F and G, by the fame fyftem, pull
down H and I, and fo on, wherever the weight 1s placed its pref-
fure will be divided: along the bow, which confequently cannot
vary its pofition : according to the width of the bridge required,
four or more of fuch ribs muft be conftructed and placed perhaps
ten feet diftant from ecach other; the whole being faftened by

R crofs-
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crofs-bars paffing through ‘the ftirrups, as in the aqueduct, and
prevented from yielding fideways, by the diagonal braces exhibited
at A, B, &c. Fig.IV. After which, the whole may be covered
with plates of iron, foiled and gravelled, or planked, and covered
with earth and gravel in like manner.

Although, I conceive, there is little doubt but a bridge, as above
deferibed, would ftand to the length of two or three hundred
feet, yet the multiplicity of pieces of which it is compofed, in
order to preferve the fhape of the fegment and relieve the butments,
would evidently occafion much labour and nicety of workman-
fhip; therefore it exhibits the importance of fimplifying fuch
works, i order to facilitate their formation, and apply every
particle of materials, fo that they may tend to ftrengthen the
whole, and not be liable to alter the pofition,

I thall therefore return to the firft propofal of adequate but-
ments, to refift the longitudenal preflure of an arch of any
dimenfions. In this it muft be confidered, that the butments
need not be of the immenfe {ize which firft ftrikes the imagination;
for whatever dimenfions an arch of iron or wood may be, the quan-
tity of materials is eafily calculated, and the weight which the but-
ments will have to refift ; for inftance, if an arch weighs five hun-
dred tons, and the butments oppofed to its preffure weighs one
thoufand tons, they confequently cannot move, not to mention the
weight of earth backing, which tends to render them more per-
manent ; therefore, feeing that the foundations are fecured, and
the fprings, if any, well drained, .in order to keep themdry, I fee
no difficulty in conftruéting butments to fupport an arch of any
dimenfions, and that at much lefs expence than butments and piers
could be crected for a ftone bridge; in the fame fituation particu-

larly,



CANAL N'AVIGATION. 123

larly, if fuch piers were to be built’in water of any confidcrable
depth,

Having premifed the butments to be of {ufficient ftrength, 1 con-
fider the arch, whether it be compofed of iron or wood, to be like the
fegment of a hogfhead, and the component parts as near as pof-
fible like the ftaves : for this purpofe, in conftructing onc of wron,
Fig. VIII. reprefents two ftaves, cach of which might Le caft in
open fand, four feet broad from twelve to fifteen fect long, the
pattern being formed to the radius of the {pring, a flange on the
lower fide of the ftave fhould be caft, about one foot broad, with
holes to receive the ferew pins; acrofs the ftave one or more 1ibs, if
thought neceffary, thould be caft, to give firength to the top plate;
thefe ribs and flanges, in uniting the fraves would butt on cach
other, and ultimately compofe a rib to the whole extent of
the bridge.

Having caft the flaves as wide and long as experience may here-
after prove expedient, I will fuppofe it neceflary to ercct a bridge
one hundred feet fpan, as in Fig. V.; in building the butments,
it would be advifeable to place two or three fegments, of the fame
radius, as the bridge, in each butment, they being calt with arms,
or united to binders, in order to take a firm hold on the mafonry,
and become a permanent fupport ; the fegment thus pafling into
the butments, might be confidered as a part of the arch, which,
by this means, would butt againft the centre of the whole weight of
the butment, and muft pufh the whole away before thearch could
yield ; but, without this precaution, the arch would reft fo near
the top of the butment, as to raife the ftone-work and endanger
the whole. Having thus prepared the butments, a centre of three or

. more fegments, fo that each {tave may have two bearings,thould be
; R 2z erected ;
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erected ; and the ftaves being ready, all of unedimenfion, and the
fcrew-pins all of a fize, the arch might be fprung in a few days,
breaking joint, as m Fig. VII. Thus each flange and rib would
butt upon its neighbour, and the ferew-pins confining the whole,
it would become like one folid fegment of a cylinder one foot
thick, extending into the piers.

By this mode, the difficultics which arifc in fitting diagonal, per.
pendicular and lateral braces, are avoided, the top plate perform-
ing the office of all fuch braces; which top-plates, in other com-
politions, have no tendency to ftrengthen : thus cevery particle 1s
applied to refiftance, and the materials have but few joinings ;
which junctions have alfo broad and permancnt bearings of one
foot on cach other, the flange and ribs being caft of that depth,
Thus, I conceive, a bridge of one hundred feet, or perhaps one
hundred and fifty feet {pan, might be erected at a cheap rate, with
with a fmall quantity of materials, yet with the profpet of great
durability. If T fuppofe a bridge one hundred fect fpan, thirty
wide, with the top plate one inch thick, five flanges or ribs, each
onc foot broad and two inches thick, the whole weight of the
arch would not be more than feventy-eight tons, allowing one
pound to every four cube inches of caft-iron.

So far relates to iron bridges of one hundred or one hundred and
fifty feer fpan; but fhould it be neceflary to extend them to a
greater length, to fay thrce hundred feet, two fegments would
then be requifite; the firlt, as in Fig. V1. as the principal fupport ;
the fecond, to eafe the paflage, thould be of fuch a bend as would
admit an eafy afcent and defeent ; and, by being part of a curve, it
alfo tends to ftrengthen ; thus, if I{ay, fpan three hundred feet, the
ficlt {pring therty, the fecond {pring only ten fect, they both muft

be
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be compreffed into ftreight lines, befare they can come down; they
will alfo have twenty perpendicular feet of bearing on the butment,
the bearings oppolite to the two fegments being oppoted by fep -
ments entering the butments, as before deferibed ;5 the two fegments
muft be kept afunder by perpendiculars in the haunches, placed at
about ten fect diftance trom cach other, as in the Figure,  See
Plate XV. exhibiting the combination by ribs and braces; alfo
Plate XVI. reprefenting the arch of ftaves.

Having exhibited the mode of conftruction, I conccive it unne-
celfary to comment on the particular formation, or to draw a com-
parati: view of this and other bridges of iron; as in cafes where
they may be required ; the artift will weigh the various circum-
ftances, inveftigate the feveral modes of building, and choof: for
himfelf; in which there s a leading deliberation, viz. By what
means can a given quantity of materials be arranged, o as to incur
the leaft expence in erccting, and be rendered moft permanent ;
and by which mode will the leaft materials anfw:r the purpofe ?

CHAY,
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CHAP XXII

PLATE XVII. OF BRIDGES OF WOOL.

HE important objeftion to bridges of wood, is their rapid
decay: and this objetion is certainly well founded, when
particular fituations are alluded to, where timber is fcarce, and
confequently expenfive ; but in fuch countries as America, where
wood is abundant, I conceive it will be a fair criterion to judge
of their application, by calculating on the expence of a bridge of
ftone and oneof wood ; then compare the intereft of the principal
faved in adopting the wood-bridge, with the expence of its annual
repairs.

I have before exhibited the neceflity of conftruéting bridges in
America, of an extenfive fpan or arch, in order to fuffer the ice
and collefted waters to pafs without interruption: and for this
purpofe, it muft be obferved, that a wood arch may be formed of
a much greater length, or fpan, than it is poffible to erect one of
ftone ; hence they are applicable to many fituations, where ac-
cumulated waters, bearing down trees and fields of ice, would brufh
a bridge of ftone from its foundation. '

It therefore becomes of importance, to render bridges of wood
as permanent as the nature of the material will admit.

Hitherto the immenfe quantity of mortifing and tennants,
which however well done, will admit air and wet, confequently

tend to expedite the decay of the weak parts, has been a material
7 Error
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error in conftructing bridgessof wood ; the mode of arranging
the parts, by a repetition of bracing, has alfo expofed almoft every
fide of the whole of the timbers to the changes of the weather
confequently, the whole was reduced to the durability of one
ftick, fimilar to fufpending a cage in open air, each ftick is expofed
to decay, without receiving (helter from each other.

It has alfo been ufual to place fupporters in the water, fubjed-
ing thém to the furge of floods, which fhake the whole fabric;
which fupporters decaying progrefiively let down the upper works.

But to render wood-bridges of much more importance than they
have hitherto been confidered ; firft, fromtheir extenfive fpan; fecond,
by their durability ; two things muft be confidered : fir//, that the
wood-works fhould ftand clear of the ftream, in every part, by
which it never would have any other weight to fuftain than that
of the ufual carriage ; fecond, that it be fo combined as to exclude
as much as pofiible the air and rain.

For this purpofe, in erecting a bridge of wood, I would pro-
cced much on the fame fyftem as in conftrutting the onc of iron
ftaves. For inftance, fuppofe a bridge three hundred jcet fpan,
thirty feet wide, the butments being rendered fecure, and centres
raifed on piles; let timbers, if convenicnt, be procured thirty feet
long, and of as great diameter as the country will produce; fuch
timbers being {quared and planed to the radius of the arch, with
the holes to receive a bolt or trundle, about four fect diftant from
each other; the whole operation in {pringing the arch, will be
to tar or paint the juntions with white lead, and infert the
trundle, as at A, Fig. 1I. and prefs them clofe, thus lay them

fide by fide, by which means an arch might be laid in a few
days,
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tions ; the queftion is, Wlwihe; the arrangement of parts is fo
calculated as to guard againft fuch accidents? which probably
will appear by the following confiderations :

Firft, the butments may be made to refift any weight, by giving
a greater weight of ftone than there is weight of materials in the
arch’

Second, the timbers being laid fide by fide, like flavss, and
prcﬂ'ing on each other, leave not the leaft apertare into which the
parts of mortifed and framed timbers might be comprefled ; hence,
_ feveral gimbers, in a long arch, muft abfolutely be comprefied into
nothing, before the fegment could become a ftrait line.

Third, that it may not vary its pofition, by finking in one part
and rifing in another, with the various weights, I will confider
the ftaves and belts only : it muft be obferved, that by bolting
down the belts, which belts may be from thirty to forty feet long,
and break joint, as in Fie. I1. the whole arch will become like one
folid picce of timber, bent between the piers. I will now fup-
pofe fuch a bridge forty fect broad, the timbers combined cighteen .
inches thick ; hence, admitting that it was conftructed of wood as
light as ﬁr, _cg,ch lincal foot would weigh one ton and a haif,
Jhence evcry thirqr feet forward would weigh forty-five tons; as
a waggon, when loaded, feldom weighs more than five tons 4.

_ Althooagh this may not be neceflayy, it is certain j and as it is more my intention to
exhi!ut the pofiibility of conftrnéting bridges of 2 great (pan, than to point out the precife
propnﬂ.on of the ‘parts, I conceive, by lhewmg it pofiible, future dehberhuom of
mgemnwf men will determinie the pronortion.

'4.By. this ['mean the brdad-wheeled waggon of England, thc American waggon is (¢cldom
more thm thru tons.
; S And
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And admitting four fuch waggong, we:ghmrr twenty tons, to fhnd

abreaft on the bridge, in which fituation they would bave the,
greatcft poflible pieﬂurc, by afting near the fame fpot ; v&:t, to
comprefs the part, thirty feet of the bridge, at lealt, on each fide,
muft rife, and this in fome mcafure raifing the whole of the
fpring, which would be a weight of at leaft one hundred tons ;
hence, as twenty tons cannot move one humired without fuperior
leverage, and as there is no leverage obtained, ‘confequently there
is no weight which it is reafonable to fuppofe can come¢ on a
bridge at one time can injure it.

The longitudinal preflure being confidered, the tendency to
yield fideways miay be prevented, by conftructing it wide av the
ends and contratted in the centre; the preflure will then be
refifted by an arch in every direCtion. Having exhibited the con-
{truction, and afligned my reafons for its permanency, I hope it
will eafily be admitted, that a bridge of three hundred feet would

perfectly fafe; but if the reader fhould hefitate at this, he

has my reafon why it would ftand, and it will be well to difcover

the reafont why 1t would not : but fuppofing it admitted, that three

hundred feet would be fate, I fee no difference between that and

one of five hundred, or even more feet fpan, the proportions being
preferved by a fpring one tenth of the {pan *

®* When the true principle of building bridgea of wood is dlﬁ.overcd their p:oga'eﬁiﬂe
extenfiun is as reafonable, as the increafed dimenfions of lhippng.*whzch. «in early ages,
was dccmed u great work if they amounted to one hllndred toms burthen ; but time and Cx-
perience has exzended the art 0flhlp—|lmld.mg to two thosfand ton¢; uud in the combination
_and arrangement of the varions and complicated panu, there certainly is mare geniigs and
labour required than in erefling aliridge nfﬂn hundred or one thoufind fect tpan: but the
~ great demand for (hipping has rendered the formation familiss, apd thejr increafed bulk
gradua.lly grew into the fenfes = but had @ man, in the infumey '6f naval’ trclu:c&nre,
hinted at a vefiel of wwo thowand oms, I am inclined to think his cotemporary drtifts
would fix him with the gentle appellation of mad-man,
‘ - Ak _Having
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Haying made this affertion, almeft fear I have forfeited the
confidence of my reader, who may now be. inclined to doubt the
ftability of my fenfes ; but patience fhould accompany inveftiga-
- tion, and I muft beg of him to proceed to give fome idea of
the proportion of fuch a bridge of five hundred feet fpan, fifty
feet fpring, and forty feet broad : take a board eleven feet
long, ten inches wide, and half-inch thick, and bend it be-
tween two blocks till it rifes twelve inches, and it will give a
model of. the fpring of an arch compofed of two rows of ftaves,
each a foot thick, amounting to two feet in thicknefs; extend
this idea, by meafuring off five hundred fect in a field, and
imagining a perpendicular in the centre fifty feet high, then
draw a fegment by the eye, conceive the whole well wedged and
bolted together, the proportions of the timbers preferved, and
deliberate on the part where it could give way.

Sa2 TO
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10,
THOMAS MIFFLIN,
GOVERNOR OF THE COMMONWEALTH OF PENNSYLVANIA.
SIR,

URING the profecution: of my, ékperim&i‘ts'hn”tﬁﬂ%pe-

rations, which are exhibited in the: {percccdmg theatife;
frequently contemplated their great importance to the. States of
America, and much wifhed to' awaken the public, mmd to a full
fenfe of the fubjett; but, on confidering the habats ‘of tht people
of the interior country, accuftomed only to land canmage, 1 feared
much dlﬂiculty would arife in remeving the prejudice in favour-of
waggoning, and in raifing a fum of money aclequatc to the firlt
expence of a canal of 1mp0rtance In dehhe.ratmg on. the mode
of furmounting thefe objftacles,” I was {o fortunate: as b’meet with'
your Addrefs to the H;é:'e of Repre{éntanvcs in 1795," and parti-
cularly happy to find your 1deas,, of the importance of eafy com-
munications between - remote pa.r& of 'the’ cdountry, . fo confmanﬁﬁ_
my own, and at the fame time fo ‘earneftly recommended ﬁ!the
public attention’s” which clrcumﬁance has urged. me{rm addre['s this
Chapter to you, convinced that yourrfenfe of thé“ abject
fuffer any obfervations which may. be ufefil to hc,‘?i}mmadt

-1 mutft therefore requeﬁ_ 'you dbliberately to perufe the fyf
down, which you will find, msiber VI '
old practice, for two reai'oﬁs Fir;,
ted for half the fam” hete.ﬁ'aiy.\_'hq." lock can
caufe on’ them you may_perfopin i '"'tch"
moft mountamous caunﬁ]r at thefpecd offi
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mvantage which lock canals caa' never gnre, and whtch precludes
n 1mm&uﬁty of carriage: yet the fmall canal takes in every kind
of |conveyance, and perforins the duuble office of a canal and road ;
therefoxc, i fouudcd and governed by found principles, a moun-~
rginous country may have all the bleflings of water conveyance, fo
selebrated in the level and fertile plains of Egypt. But how to
,xtmd thefe convel.uencws into every corner and diftrit of Ameriga,
s riow to be confidered.

‘While the mind hovers over the 1mmcnﬁ. continent of America,
and views its vaft interi ior, inhabited in various diftriéts remote
from e marts of trade, with infinite fcenes for the 1 improvement
and nourifhment of rmlhons of human beings, p]nlanthrophy feeks
to ‘combine the cxertions ‘of the prefent inhabitants to facilitate
thcxr labour, exi:u?nd their interefls, invite populatlon, and give a
cultwatmg hand to every acre of that extenfive territory.

To fuch a wx(h in one pomt of view, is px cfented a great and
tcrtlle country, mterfperfed ‘with luxuriant vales and numerous
mountams, nourifhing mﬁnlte nvulets, which, meandring the
coun‘try feed long and ruggcd uvers, dimmxﬂnng to naked {hoals
in dry feafons, or fwelling to roaring torrents in time of rain; _
preﬁmg thgm-'gva.y ‘through ftupcndous cliffs and infinite rocks,
prefent objets hoﬁa.le o navigating the ftreams of nature. .

ut fuch® are” the materials which art muft bring into unifon ;
thc pcnforrﬁ’éhce of which is a fubjeftsthe moft benevolent and
1mportant, and worthy the fcr:ous camemplatwn of the penetra-
nﬁg,mgmbers Y, as a great national queftion, -

i NV e

(__)n this head it muﬁ be evident, that in. propomon as produm"?_-_
is motgm market its value is diminifhed, in confcquemo ‘of .
“the
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the expence of carriage, and henee remote parts are excluded the
market, or a facility of exchangmg their furplus produce, for s ne-
ccflaries which they may require; thus the nerves of exertion are
cramped, the faculties of body and mind are not called forth, and
‘the country remainsa dreary and inhofpitable watte. But to en-
courage population and increafe the value of the lands, the meapcﬂ
poffible conveyance of the produce muft be eﬁabhﬂled o foiind
PﬂnClple for, exaltly in proportion to the eafe of xeachmg the
market, the remote countries of equal fertility will be of smore or
lefs confequence in the fcale of fociety ; therefore, to fum up the
idea, would not the lands about Fort-Pit be as valuable as thofe
round Lancafter, if the produce could be. brought to matket fo);
the fame fum; and‘would not population confequcntly be en-
couraged ?

For this purpofe, as I have the firongeft conviction operating on
my mind, that canalsﬁ are the only effeftual means of producing
cafy communications," and that they confequently are of .the ut-
moéft importance; I much with that the public may be made
thoroughly fenfible of their utility, and that each State might efta-
blifl a fociety to inveftigate the propriety of forming them in ﬁlCh
‘diftrifts as the prefent ftate of population and trade may moft re-
quire them ; keeping one important object in view, ‘that all future
canals may be conftuéted on ong fcale and. prmcxpl:, in order that
when the various brariches meet. the boats, onie waay: ‘navigite
the other wherever canals extend. "This you wilt abferve has bceu
"y wifh throughout, and in which I hope I have been fo fortunate
as to fucceed ; if fo, canals appear i a new light, and arc il more
-~ important than formerly, becau.f&;hcy may nq?w be, fitited to every
kind of country, and by:their cheapnefs, apprﬁn{:hm to thc ex~
‘pence of conflrudting. tummkc roads.

At

e
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At a period when a country is improving by turn pike‘ roads, the
queftion is, whether it is not beft to adopt canals ; and the criterion
" to judge of the propriety of the canal, will depend on fimple cal-
culation, to the following effect; 1/, what is the expence of the
. road; 2d, what is the expence of the canal; 34, what is the ex-
pence of carriage by the road ; 425, what is the expence of carriage
by the canal ; and probably it will be found the canal will perform
the work fo cheap, as to juilify threc or four times the fum being ex-
pended in the canal, that would be neceffary to conftruéting a road of
the fame Iength to which one confideration muft be added in favour
of the canal, viz. on all roads, however good, the great expence of
: carnagc_ls the number of horfes ; but on canals, the principal expence
is the tonnage or tolls tothe proprietors, as intereft for the money ad-
vanced in formmg the canal: yet this tonnage by a judicious ar-
- rangement may be reduced, if not liguidated, and the carriage on a
‘canal mav be {o regulated, that goods conveyed four hundred
or more miles; will not coft more than thofe which are navigated
cighty or oné hundred miles ; yet the eighty or one hundred ‘miles
canal conveyance will notcoft half the fum neceflary to land car-
riagc, on the beft of roads.

To elucidate t}us, 1 will fuppofc a canal from Philadelphia to
Fort-?xt or any othcr long" line, to fay, three hundred and fifty
miles; onfucha’ canal 2 man, boy, and horfe, would convey forty
tons, twenty mllcs per ‘day, and acrive at Philadelphia in (Jay)
cighteen diys, at 10s. per day, amounting to 180 fhillings for forty
tony; ‘or 4s. .64. per’ ton, the expence of boating, independent of
tolls. By a road of the fame length, four horfes, perhaps five,
=__.woy.lglﬁ'ct out with ‘mot more than two tons, and, travelling at the
rag of twenty-ﬁve; "‘fllcs perday, arrive at Philadelphia in fourteen
days ; and tofay only two dollars, or 155, per day, amounting to 210
Ihnllmgs, or 5l 55 per tonfor waggoning, independent of tum-"
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plk: This, I hope, will exhibitathe immente. dltparlty betweng
the two modes, and fhew that mads however. gaod can neve f—
ectually relieve a. remute cagmry The queihon tben xs, hqw to

“the diftant diftriéts; this chnccwa wil totally depend g the made
of raifing and appropnatmg a ﬁ:m of :money, to, the firfk. fifiy/or
one hundred miles of canal, .

In this country, canals arc paid by companies of {ubfcribers,, wt;o
-receive a toll on the carriage of; goods as an. ihtereft for the me
advanced, and the immenfe quantlty of carriage thmﬁghout every
part of this compa& Kingdom, ufually pmquces a cqpﬁdemblce;' .

tereft for the money. txpcnded, w!:nlc ﬁaeguxpeﬁ X 19
reduced below that of land cmvcyance, but 5; _ LRV
roned with water, with numerous, fea ports, the@ is no pa.rt vcry

_remote from the market, gnd hex;cc,h_they nevt,r vhll have cana]s of

~any comparative length vt 5 icay :
feven or cight hundred mules; t,hercforc the mode of propnetors
receiving tonnage at fo mubh per; ‘mile, although it will ever be
much bclow land car;;ag,"‘* __‘yr;t even d;?, t,gngggc would Pqechdﬁ
puntry;: amiﬁﬁy no means’ anfv&"ﬁ ‘f'ﬁr

B ditto

C ditto - R
D ditto - - S
E dltto - -
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_ tolls, independent of boating; 4nd hence I conccive the produce
could not bear the expence of carriage by this method. -

But as it is the produce of the interior country which muft be
drawn forth, ihe leading canals thould be national works, perhaps
by the following fyftem.

Firft, That the legiflature, by fuch duties or impofts as they con-
cetve moft cligible, raife a fum of money adequate to the expence
of the ﬁlftﬁ)ﬁ')}' or feventy miles of canal ; to fay from Philadelphia
to Lancafter, which perhaps may coft 1 50,000l. of which 30,000l.
per annum, may be required till the canal is finifhed. On this
canal, fixty miles long, if T fuppofe fifty tons per day to be navi-
gated at two-pence per ton per mile, allowing two hundred and
eighty working days per year, it would amount to 7,00cl. per
annum, which'fhould be applied to extending the canal ; the tolls
on fuch extenfion being appropriated in like manner to further
extention, and fo on, the toll to be continually devoted to form-
ing more canaly till canals would pervade the whole country by
virtuc of their own produce arifing from the tolls.

If this mode of extending the canal, by appropriating the tolls,
fhould be deemed too tedious for the fpecdy relief to the interior
. country, and the funds of the ftate would admit of the advance
of a forther fum, they might immediately extend the canal two
hundred miles, and receive the tolls, till the laft advanced fum was
I'r'qtﬁ'date'd “or, as the proprictors of the lands in the interior would
“be much benefited by their property being raifed in value, probahly
they. might raife the fum, and receive the tolls till fuch fum was
hqtuc\batt,d the lands  being ‘increaled in value, might be deemed;

T fufficient
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fufficient intereft till the principhl was difcharged, which would
diminifh every year.

If by either of thefe modes, or any better which can be devxfcd
1 fuppofe the firft two hundred miles of canal to be formed, the
trade will be more in proportion+o the length than on the firft fixty
miles before eftimated ; becaufe, being more remote from. the
metropolis, the interior inhabitants will be neceffitated to fly to the
canul, the tonnage will alfo be greater; therefore, if T allow on
the two hundred miles onc hundred tons per day, to be navigated
at twenty f{hillings per ton for the whole length, or in propor-
tion for a fhorter diftance, the annual produce would be 38,000l.;
and having arrived at {fuch annual income, canals would proceed
with difpatch, and progreffively increafe, both in riches and ex-
tenfion ; cach year the produce of tonnage would increafe, and
each year a greater length of canal might be conftructed.

Therefore, if 1 proceed with this progreffive and creative fyftem,
till a canal reached Fort-Pit, which, with fome¢ bends, T will call
three hundred and fixty miles ; the country, which fuch canal
would accommodate, would widen as it was more remote from
Philadelphia.  For inftance, the man who lived twenty miles from
Phitadelphia, might convey his goods feven to the canal; the man
at forty miles diftance might go fourteen or fifteen to the canal 5
at fixty miles, twenty to the canal ; and fo on, till at the extremity
of three hundred and fixty miles, they probably would go fifty
on cach fide to the canal; hence, if I average the whole, fuch
scanal may be faid to accommiodate a country three hundred and

Jixty miles long, fifty miles wides on which the tonnage. muft

nﬂw be regulated.
7 The
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The man who refides twenty iles from Philadelphia, and feven
‘rom the canal, fhould he cmw(.y a ton of goods by land, it would
»e worth at leaft fifteen fhillings, as it would employ a man and
wo horfes two days*.

LA

"The carriage to the canal, feven miles in like
_proportion, - = - - = = 13
Carriage on the canal, - = = > 4
‘Total, 9

Thus the faving would be fix fhillings, and the tonnage fhould
increafe to a certain fum on the firft hundred miles of canal,
keeping much within the limits of land-carringe; then decreafe as
the boating increafed, in order to draw the trade of the back
country into the canal.

The expence of boating a ton twenty miles will be as follows :
a man, boy, and horfe, will convey forty tons twenty miles for
ten fhillings, which is three-pence per ton for twenry miles;
but to allow contingencies, fay four-pence per ton, for boating
twenty miles ; the tonnage. and boating on the three hundred and
fixty miles fhould then be regulated, perhaps, in the following
order.

* The Englii: vcader, who may lvok over this chapter, may perhaps be furprifed at
Mating the land-carriage of America (v low. ButasIdo not know the average expence of
that country, I eftimate it Jow in order to give it every advantage, in a comparaiive view,
with the canal.  In England, it would coft at leaft one guinea, with all the advantuge of
good, turnpike roads. |

T2 ' Miles.
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Miles. Tonnage. Boating. Amiount.
% ik o it [ R
20 4 © o .4 4 4
40 8 o o 8 g 8
6o 12 O y o 13 ©
8o 16 o b 7 &
100 20 © Yy 8 21 8
120 g 8 2 o 21 8
140 19 4 2 4 2% . 8
1060 19 o© 2 8 z1 8
150 18 8 3 g 21 8
200 18 4 3 o 21 =%
220 187 o 7 8 2r 8
240 17 8 4 i@ 21 8
260 17 4 4 4 21 8
280 1 0 4 8 21 8
300 16 8 5 o 21 8
320 16 4 5 4 21 8
340 16 o &8 21 8
360 8 6 o 21 8

By this fyftem, the country at the extremity of three hundred
and fixty miles, would deliver goods at Philadelphia for twenty-
one fhillings and eight-pence ; which is the fame as paid at the,
Jdiftance of one hundred miles; to which the land-carriage to the
canal muft be added. But as fuch a {fyftem would open a market
to the remote country, every acre of ground within reach of the

* This bring within the limits of land-carriage, the tonnage muft now begin to
decrcale as the boaring is increafed.

+ If the boats return without back-carriage, the expence of boating, which on the three

iwindred and fixty miles is fix fhillings, mult be deduéted fmmthc wlls ; and in propomon
on the various parts of the canal,

canal
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canal would become more valugble, gnd the carriage to the canal
muft be borne for fome years, But as population increafed, and
the tonnage on the main line became productive, lateral branches
would be cut from the canal, and thus further improve the coun-
try ; the tonnage on fuch branches being proportioned as before
ftated, according to the diftance from the city,

The carriage on fuch canal would confequently be immenfe;
for, as I before ftated, it would accommodate a country three hun-
dred and fixty miles long, fifty miles wide, in the main, contain-
ing cighteen thoufand fquare miles, or eleven milhon five hundred
and twenty thoufand acres, If, by further improvement. 1 allow
that only cvery fifticth acre will produce one ton of carviage pex
annum, the amount would be two hundred and thirty thoufand four
hundred tons; which appears, by averaging the preceding tonnage,
would coft fifteen {hillings per ton, in tolls to the canal, amount-
ing to 172,8001. per annum, in order to conftruct further canal;
a fum adequate to formiing, perhaps eighty or one hundred miles
per year: having arrived arfuch a length, it is evident canals
would increafe withattonifhing rapadity, and produce convenien-
cics, even beyond the limits of ealculation ; for it muft be obfer-
ved, and fhictly adhered to, that by canals you may cqualize the
carriage of the near and remote country, as before exhibited by
'the mode of regulating the boating with the tonnage, in proportion
to the cxtent ; inafmuch as that a ton of goods may be carried
three hundred and fixty miles for 1l. 1s. 8d.  Yet, was T to extend
the idea to a ftill more diftant diftrict, by reducing the tonnage s
the boating increafed, till the tolls were annthilated, and the hoat-
ing amounted to 1. 1s. 8d.; a ton of goods might be huiied
thirteen hundred miles for that fum; yet a ton could not Le
waggoned the fame diftance for lefs than 38l. 1cs, fo great is the

difparity between land and water-carriage.
. Hence
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Hence it muft be evident, .that ‘ands, however good, can never
effeftually aflit the remote country, each mile is attended with a
heavy expence on carriage, till penetrating fo far, that the value
of the produce is confumed in carriage ; it terminates in a luxuriant
wildernefs, fable and uncultivated as the interior of Africa. But
by canals, the conveyance may be fo cafy, that they may penetrate
the moft remote diftricts, draw down the produce to the ports of
trade, and bear up the various conveniencies of lifc; thus each
man may exchange his furplus labour for the ncceflasies or lu-
xuries which he may requirc; hence his faculties will be put into
aétion, cultivation will flouri(h, and enjoyment be more cqually
diffufcd ; canals will pafs through every vale, meander roypd each
hill, and bind the whole country in the bonds of focial inter-
courfe; hence population will be increafed, each acre of land will
become valuable, indaftry will be ftimulated, and the nation,
gaining ftrength, will rife to unparalleled importance, by virtue of
fo powerful an ally as canals.

Having cxhibited the immenfe difparity between canals and
roads, with the mode of extending canals in every diretion, by
appropriating the tolls ; it is evident, that fuch a fyftem will pro- .
duce infinite navigation. But the mode of confiructing them
muft be maturely confidered ; and in this, two thmgs muft be
{crupuloufly adhered to.

Firft, that canals may truly benefit a country, it is neceffary
the paffage fhould be performed with equal eafc each way. Se-
cond, that the neareft courfc fhould be taken to the princi-
pal points of the country; and for both thefe reafons, the
beds of the rivers, beyond tide, muft almoft univerfally be

for-
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forfaken ¥; becaufe torrents, in time of rain, which is extremely in-
jurious to the works of art, with the fhoals in dry feafons, together
with the current ever ftanding onc way, will very frequently inter-
rupt free intercourfe, and render frefh-water river navigations
precarious. :

The rivers, crecks, and rivulets, which arc numerous in all
parts, muft be confidered as the feeders of canals; and, in this
refpet, having an abundance of water, America is very for-
tunate; land is alfo cheap and timber plenty, fo that tne great
expence of an American canal would be labour.

Thercfore, as it is the channels of art, which can only cffec-
tually aflift the country, 1 have conftantly endeavourcd to find a
fyftem which might pafs by the ftreighteft line to a given point ;
hence you will ubferve the mode of mountinghills, croffing val-
lcys, rivers, and defiles, by the various machines ; which, I hope,
will difplay an eafy means of extending water communications
through a great continent, and bear the mind to thofe days, when
a well-direfted ccconomy in manual labour will give enlightened
and rational enjoyment to many millions of inhabitants : hoping,
that this important fubject will make a part of the deliberation

of a wife Legiflature,
I remain, with all pofiible Refpect,

Yours fincerely,
Landon, Maich, 17906, ROBERT FULTON.

* by forfaking the beds of the rivers I mean, that they fhould not compofi: or muke a
Piinciple part of aleading caual; yet, however numerousCanals may be, it will frequently
 hippen that fome miles of a river will afford cafy navigation in particular fealous, iand pro-
bably touch the leading' canals into which the goods, or perhaps boats, may be transferred
from the river; for fmall boats will live on the Amerizan rivers jn particular parts and fea-
fons, of which there are indomerable infiances b, the batteaus und even canocs.
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ADDITION

}{N condué'rmg a line of canal through a mountainous country,
it may, in many inftances, be extremely difficult to fupply the
top level with water to work the machinery; yet the country may
produce fufficient at the next lower level; for inftance, at one or
two hundred feet below the top pond of canal.

In fuch cafe, if the ground is {loping, fo as to admit of a difcharge
from the bottom of the tub-pit, or cven a water awheel, the machinery
cxhibited by the preceding Engravings may be placed at the bottom
of the plane, and receive motion from the water of the lower level ;
by which the boats may be pafied to and from the fummit with the
{fame facility as if the machinery was on top of the plane, and thus
the water of the fummit level will be preferved: which exhibits
another important advantage over lock canals.

The whole of the apparatus will alfo equally apply, whether
there are wheels to the boats ar rollers to the plane.

S TN TS
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