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.Wherever the importance pf twp':. ~~t trading towns, or com
mercial countries, can bear 'the ex~ce of a lock canal, it may be 
confiruCted. but it is impoffible to branch Qlflnto the lefs important 
or poor diftriCts with large boats, which carry with thrm all their 
conf~quetlt expencts : which is not only unmechanical. hut im
politic, i~ two reIj)cEts; it excludes the benefit.· of w~ter convey
:mce to fu¢h 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 fn$)J .c3!lai, forming a commWlication between two impor
timt counties; i8"(0 eary of accefs, in confeq\1cnce of the fma~1 boats. 
that lateral cuts are eafily conftruCted; they confequcntly wi.ll extend 
il1to the country, and others from them into every .q..ogk apd cor-• '.~. s;., • 
ncr where forty or fifty tons per dJy can he coJlccted: t~u~. ,the 
country will be nourilhed, as veins feed the confiitutiol1 ;' and 'the 

, . . .", 
camtl become important, like a river receiving ~\l~er~:us , ~reu.IJl:) : 
while another advantage of the tinaU boats, that "of movihg flow 

~ . ~ \. , . 
and taking quantity, o~ conveying a lees quantity and"paffing with 
the rapidity of.a co~ch>.wbhh will moji malcrjal/"'J«.,.~tlIt m'tp>an
dize alld 'I.:aluahle. artic.les, wi.!1 take in .,!l~ th~ whole ponderous 
carriage of the ~g~om ;. which circ#nc~ will ~raw immcn(e 
quantiti~s of trade on canals that muft forever be excluded on the 
lock princitlle . . The canal being al(o cheap, and fuited to a fmall 

',.( . 

trade, yet adequate to a trade of the firft importance, confequeHtly 
th~ boau.: ~f onc ,Il!ay n3:,vigate the other wherever ·canals extend. 
i\erfcverin/il reiU1¥l:FSroug~out; while their c~eap formation is 

,~~l·~teA: PO~i!>l~ .,~~ ~o t~ir c~nftruch.~ .. ~ .• J ~ ;~re
fOTe\ brmg thIS futiJ~cr~ 'a>i,4,,: .. que~lOns, wliicq: ,~~ ~ 
(~lator to apply .1O his >own'iliberanons. 
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Firfl, As a fmall canal, a'lJtragillg t'bt' jituofionJ , mly be conflrnc
ted for one half the fum which a canal for t'Ncnt y-fivc ton hoats 
would wft, or about onc third the expcllee of nile for forty-ton 
b.oats; Is it not better for a fubfcrib t:r to have 35 good a proftl.:a of 
receiving ten or fifteen per unto by thc fin all, as five by the greater 
work j yet, guarded againfi: any material lofs, have every advan
tage which the Jarge canal could give? 

Srcondb', In conftruCting a navigation, is it not better 1O expend 
33 ,0001. in a (mall canal, and have the prof pea of drawing in 
numcr~us connettions by the cheapnefs of the fyllem , than to 
fpend 66,0001. for twenty-five ton boats, or loo,ood . for forty
ton .b9ats, in forming large canals, to accommodate a few u:llIt"ual 
articles which the finall boats cannot convey, and then:h), prevcnt 
th~ · poffibility of lateral cuts; whicll would return illfinirdy morc 
trade into the canal than the fmall boats cxcJude • ? 

•• j "'. • 

'rhirdly, Which will command the moft trade, the finall boats, 
by ~e cheapnefs with which they may be extended into every dit: 
tria where there is any thing to carry ; or the large boats, hy thei r 

capacity to contain unufual and bulky articles? 

Fourthly, Or will the confequcnce of thofe unufua1Jy bulky conJ' 
modities be put in competition with goods of medium dimenfions : 
which are certainly ninety parts out of a hlUldrcd of the whole 
carriage of the kingdom ? 

... " , • • • • <F 

r:'iftbly,'; In a nation:ll view, is it not bette~ to have three humlred 
~~ of '?Jlaj ' for the fame money which it now eofts to make one 

' . .j.,~ . • 

. I hcg G~to confider whAt AI! the thing! ~hkh c.annol be conveyed in hom 
cw.eaty ,"~~ol\g . four ~r.:e, wide, uRl£1IIbenft, ~y provHion for JimbeT. 

P 2 · 0" 
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or two hUlIdrl'd; and extend rhe cohv~encie~ of water-carriage in 
a <two or three-fold proportion? 

Sixthly, If a company arc about to expend 300,0001. in a canal 
for forty-ton boah, the canal only thirty "miles lo.ng-, when ninety 
nllle, might be extended into populous diftrias fortbefame rr!oncy; 
which, in common fenfe. would make the b,cft;\return to the 
fubferibeis"i " 

Sr<I.!L'nth(y, It is not a fair criterion to judge of the application of 
a finall canal Dy thefe circumfiances? 

E igbthly, Is it not alro fair, to compare the int!!teil: of the prin-· 
cipal f.'wed, hy adopti1lg tht jilltJll, inJlrad of t/J( large. boatJ, ~ith the 
c~pcnl'l' lIf transft:rring the carg~es from large to fmall ' ~bd~ts j. 
conlicicring, that the transfer of cargo will fall on t.he fre:ighter ( 

, , " 

NimbQ'. T o view this fubje£t to its extent .• as , ofl) ndividual,and 
national importancei will not the {mall boats dra'l/ infinite'ly more 

. ." trade into the channels of canal conveyan~e, .5n ' co~uence of 
their eheapnets and expedition, than can ever 'poilibly :·be done by 
the large and expenfive mode of locks? ' 

'J'enth6', Will not this fyllcm draw almoll the whole carriage of 
the kingdom on canals; the greater part of which mull: for ever he 
conveyed in \Vheel carriages, if the lock principle is purfuedl 

. \ ' - . . 
Let each fpecula"tof, 01' m,ember of a committee; contemplate 

thefe quelli';ns. and ep'IIide/ Cine proeers ; let them .propofe th¥e 
' queffi9.l!~. r~ their engi~~;5J ah~. t:.~ueft an anfwer i . an~ .. fhave-:", .. 
• lol1bt of "'ji\feuJlion drawmg ,the 'lilfge boats out of 'the ,!trcamf h'f' 

. 
. :prenl,-
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pr~judice, and launching them into the rivcrs, their n:itmal and 
proper fituatioll. 

Having put the q\lcn-i rll1 to C'Tl ginccrs. I conceive it nccefT.1ry 
to be IJroplTly unclcdrood by them: for J really h:ivc as a gn.::lt 

:nlcti rc to be in Jlarmony with all Illcn, as to harmonili.: the can:.1 

fyl~<1l1.J 

I do not therefore mean to call thei r abilities to , aCC:)\111t, hy 
this qlJ~ftion, or to fintl the k :lft fault with the works they h:1\' c.: 

'confiru£h:d j the lock~canal s , though limited in the-.il' l'xtcnfion, 
and imperft:El: in their Jll'incipk, were not invented by theln ; 
they have but pwfecllted the principle, as the bell: me1i~0<.1 hitherto 
kn.own for general utility . 

'When a company of ~cn tkl11 l'n wifh a cana l, they :1. pply to:l11d 
give credit to the reputation of a ll (.'ngincer; he conicqucntly ;, [1 s 

to the bdl of his judgml,'l1t, which judgment is ufllally funm:d 0 11 

e1tablilhcd r.uftoms; and which, in many inftanecs, has lx'ell 

judieiouOy. exertect, But:f flldl a fyftem of operation was in
variably to be coiltinucd, thlTC wOllld be no more feicntifie tm

provement among men, than in ;\ bed of oyllc:rs. 

] therefore look upon it as :1 duty in every man, who has tIle 
leaft pretentIon to (eicner, to ilwdlig<ttc evel)' plan, which has even 
the refemblancc of improvemellt ; and he i ~ refponfible to his em

ployers, if he .pcrlifts without palling his candid judgment; his 
judgment fhould alio be· put to the . teft, by oppofing it to one 
~;~erfed in ·the· fubjeB:; and thu.;light would appear, as frielion 
b~S"s'foi1h the fparks of latent liFe . 

. . 
1 am 
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I am aware, this challcng; to ~ f~r difeumon may be (011-

{hued into fdf-importance in me, by oppofing my opinion to aU 
others: but bl.: that as it may) I deem it indifpenfably necellary in 
all improvements of a public natun.:. 

A _man~ unthinking, may turn up a tuft of earth" and find 3. 
vein of gold, which intereft will urge him to purfuc: I, by 
chance, ftumbled. on this fubjeEt, by turning over a news-papcr, aI', 
in all propabiHty, I fhould never have thought of canals. I men
tion this to fhew, that I tlo not :J.rrogatc to myfe1f a great OC:l.l of 
the ingredient \yhich is called Genius; but that fome of the maft 
uJe-ful difcovcries is the proc{~lc(; of a~cidcnt. I found the ,(ul~jc8: 
intcrcfting, and J have had the pleafure. in profecuting it, to 
find it worth purflling. It has alia been R)mt: fatisfa.ction, ' that it 
appears of national importance : and, as I conceive, I bav~.:now 
removed tht: principal part of the rubbilh (t).upt one jlrongjlriua 
oi prejudice). and gol my machines ready to work, I lay the en
tcrprilc open to the infpctlioll of all, in order t)l~tl -if fh~re is 
any intrinfic worth, it in!ty be allayed 1 and,· I .have fome .bo-pe. it 
will not all evaporate in fufion. 

Thrrcfore, I do think it" moft fcriouily imB9.rtant, for fl;etula
'tors and their engineers. to confider this fubjctl: weU, before they 
bring their bills into parJiament, or profecutc another:canal. If 
the fyften> "is found , the fooner it is adopted the better; if not, lot 
it be burieti ·in .~ts pwn infignificance. 
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flammable vapour. I arn dctcrml11cct "l~ {h:lll not l)(! confined; and 
my reafon is. that many ufefu\ improvt:tnenh /leer for ages, for 
want of the fire of energy i.n the projeCtor. \\"hill' the only mode of 
proving their utility, is to bring them to the tdt of difcuflion: 
I , thcrcfnn:, fed myfelf quite really to meet every () l~ic.aion to 
tlti s fyll:em of email canals i :l.I1d, for this pllrpofc, I hen: call 011 
engineers, o'r'others. who thin! .. proper to anfwt:r the arguments in 
their LlVOUr. 

. If thoy cannot do this. r hold Olyfdf perfctlly julli fl ablc 111 
criticiling: on the works of thofe men, who may herc3ftc l' eithcr 
\\'ilfull~, or ignorantiy, proJi.:cutc the lock principle, and draw 
their employers into the c{mfi:qucnt errors: I will thcl :-forc, u\lce 
more, revert to the comprl::he1\{1ve view of the rHl~eft, Which will 
draw the moll: trade into the ch:.mnds of watcr-convcyalln', large or 
fmall 'canals; and which cOllj~quently will product.: the.: :;rcatd~ 
benefit to fociety? It will therefore llc 3. feeble fnbtcrfugc to :\t

tr.mpt to evade the queftion, by f;\ying, this may do for fome 
canals, but not· for ours. 

Such a reply would alfo be impolitic. 3.ncl. exhibit a limited fcn[e 
of the finall fyftem; fOf, as ] h ;1VC before hinted, I will now affign 
myreafon why tbe {mall canals will ruin the large ones. 

Which is. that whell the [mall canals arc well undcrftood, they: 
will become fa nUlllcrous, and perform the work at fuch low' 
tonnage,. ,as ~"feducc tIll' lock c:ll1als, or th~ir ~qn<?lwnentsJ which 
i~ the faine t!l~g. to the utmolt infignifj.cance. by ~')'ing off 
~ trade, as- 'l«k canals now dL'~w the tr~,:;~)llt of ri'Vers~. ' 

, :~ 7, 

. 'ine!'1>\Oprieti", of the lock canals. 'vili':'~ haye little more 

.ullin the..llltj;,~icles; and i~~ilI thcn~. (CQl; l",~at prOpo~ioJ1 
,~ be.r to t'h!ife of- medmll(' ~C!lfioll s . , , " ,, '. . ' 

To 
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To give Come idea of this, I beg !?c proprietors of the Lcet" 
f ' . •. ' 

and Liverpool, Lancafier. Rochdale, Grand JunCtion. KCllnct and 
Avon . Ellefmcre, and various other canals, for river or forty-ton 
boats". to fuppofe a {mall c anal running fidt: by fide, or to the fame 
points j which fmall canal would carry all articles of mediwn 
dimenfions for one-third which the proprietors of the large: ca
nal could afford; where then would be the objea: of translerring 
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 ptr cent. is a comfortablt: profit, they, for the Cake of e.f'\groff
ing the trade. might continue to reduce the tonnage as the tra d 
illcrcaftxt, which !till retaining fifteen per cent. to the '(mall com~ 
pany. would prevent the larger' from ever rifing above five. ~Thus 
the frnall can,1 would abfolutely be a diCtator to the I~ 
work, and fix its emoluments, above which it could not arife; 
btlt might be reduced to Ids than two per cent .. if competition or 
(iifputes arore, the fmall ,canal ftill receiving five per cent. 'The 
reader will now judge;" whether I h,ve uOler¥ .this op~on .. into 
the wOI'!d without fome fearon, to Cupport it: '!te'wi'! aICo:. con
lider, whether any' man would CubCcribe to large canals, taking 
upon himfcJf a part'of the rifquc attendant .o~ fuch htavy works, 
when he cO\l'ld rtQt; 'at the utmoft, receive more than five per cent. 

, ' ,,' 

From ~tl,~re conjidcrations, it is alr~ a natural co~lu1iof\, that 
. , ",t ·· 'i'. " ' c 

the, large' canalc!'!'ll",nies will endeavour to prevO!i;t 1t'hOfe fmall 
wo.i"ks illteri'eririg wjth ,thei~ ~e; and, in caCe ?l #i1~.: ,ft)i~t!! 
ParlWDentwith 'bills pf' inlini~fefuiaions. But!'l'·rlione.:·a·~ 
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LcgiOature will fcc. th<lt compciition}s the II'llC poliJll of focicty ; 
that to reduce the cxpencc of public works. is to improve the na
tion, and will therefore take olf many of the rdl:riEtions with 
which they arc now Jl\ackled. ' 

. As far :'is my judgn1ent extends 01\ this point. 1 conceive, if 
Pari.i:lmcnt guard landed and mill property, alfo the feeders to 
cftabldhccl canals, the relative effect which the trade of onc may 
have on the other, fhouid never be confidercd; if all reftricl-ions 
of this kind were abolifhcd, c:lnal 'j)('cuiations would fiil! find 
t'heir level; and competition would rc<iuce the expenee of carriagc, 
wili,l} is. the real objecl: of canals: COllllletitiO\\ always takes as linh: 
profit as it can afford, monopoly as much as it can dr:1' .... out of 
the freighter '; therefore competition Olould meet with every CIl

c~)Uragement, reftriftions ihould be as fl:w as pamblc, :alld c;r
culation as free as the air we hn:!\the. Till this is thc c:tr~, the 
nation n~er can receive the full bencfit which ought to arifc from 
water conv~yance. 

CHAP. 
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,C H A i'. XX. , 

PLATE XIII. REPRESENTS AN A~~DUCT OF ' CAST IRON. 

" " 
'-' . , 

I N c.onfuuCling an aqueduCt by this means, the butments and 
pierS . being raired, it will only be neceffary -. ,to extend two 

pieces of timber a~rofs the fpan; 'each to be braced back to the 
piers~ and covered with plank to form a ftage or fcaffolding » 
which ~ill ~w,er~ every put'pofe of centres necclfary to works 
of fione. . 

The iron"!'Work, as in the .feel:ion, may all be caft in. open,.f~d, 

and of the following dimenfions; fuppofing the (pan one h;'ndred 
feet, and the fpring one fixth of the fpan . . , 

. ...~", .. , 
Firll, Three f~gments of a circle, each in .:~ee .p~~5e~, about 

thirty-fix feet long, eight inches by fOllr di~~r, t<;> ~.be 'united 

as at A,_ ~e~lid..-,three ftrait ~ars, to ~xtend~~ fro~~;~l1.~\ , pier to 
the . o¢er,* to ~ .-of the above dIameters,' may atro,' ~ caft in three 

,,>" • ~,' , , "., .... 't-'"- ' 
pieces .... -~hic~:"ba;rs arc to extend along the. top, ~f the fegments to 
·the plqst~f~ a line parallel to the' hdii'zon i the bars and 

' . . • ,. f ' . '," " . 

{egment( ~to .; !?t(united by perpendicular fiirrups, like B, ten or 
fift~'h,~t'dijbjtt from each other. 

~ .. 
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have a Dlortifc call: 011 each fidoof the ftirl'up, in order to tighten 
the work by wedges. 

011 the top of the ftirrup. the Jtluare hole to rec.:civl: tile crofs
hrace may be beneath the moniJc, as in the Figure; by which 
means, the whole may be combined and [arm an iron fiage to 
fupport the troughs. 

The .trough plate~ fil0uld be at leafl: one inch thick, the fide 
plates fix feet broad. and as gn.:at a length as can convenil.~ntly lx: 
C'lft j which may be performed twelve fed, and pcrh<lps morc. III 
l ength~ the flange to be outnde 011 thc1c plates. 

The bottom plates may he fI x feet wide, thirteen fecl long. 
{even feet plate, and four arm !> projecti.ng, each three feet 1()I)g. 
in order to fuppon thl.: h()rft:-path ;mcl braces ; as exhibitcd by a 
bottom and flde-pbtc rlt D. 

Two of thefe plate:; laid acrofs the llagc. and (rewed together .• 
with the flange undl.:r, will compo((: a It!ngth equal to one of the 
fide-plates; which may either meet or bJ cak joint as is thought 
proper. The who~e may, in this manner, be .fcrewed. together, 
on packing of wool and tar ; and have the feam~ -p.i~ched like:: thofe . . . 
of a /hlp. • .,. 

On thc .... pJ.at~., compofing one fide of the trough, fmall brackets, 
a:bo~t three fcct from t he. top. muft. be caft) as at E. in order to 

~
. pport the' horf~cpath; perpendicular rails, eight feet long, l>c

. 't .;, ialred from ::'ihe arms of the bottom plates, will fupport the 
:., ~rlde of the ,h~rfe::path , alfo the iron railing. as in the leCtion. 

By 
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By thi s mudc, two patteJ"il~ wiiI ~nfwl:r for the whole of the 
trough-plates, and but few ,will be l'~quircd for the fpring'.!, rails, 
and fpuI's ; while the raving 111 time and expcnce will be con{jdcra
hie ; particularly when: it is llcccmuy to bring the Ilone by long 
laml-carriagc; for the arches being difpenfe9. "V~'m} and the pic,'s 
not more than one-third the dimcnfions, Dcccffary .!O ;.1tl aqueduct 
of fione, will moil: materially recluce the quantity': of mafonry . 

. .• 
¥~f' 

But, according to the v:J.rious cjrcuml1:ances of fituatio:1, car
riage of fione, iron, &c. the difj}arity between the two mcues' 
will be cafdy deter;'!lincd, added to which, the durability may be of 

fome importance. 
'~, - . ; 

In aqueduB:s of fione, one of the great difficulties is to line , 
and pllddle 10 tight. ;IS to prevent the water penetrating into. and 
i~i u ring til(: mafonry i but in one of iron , fhould a leak take 
pbcc, it will inftantly appear ; and on fhutting the fiop-gates at 
each end. and difcharging the water. it may be ftopped in a few 
hours, if "ot minlllrs: this circHl1lfb.ncc, in aqqeduas, is, per

haps. one of the greateft pn:fcrvatives; they are confequ~ntly lefs 
liable to injury, i~ P11ly (ubjeCt to the cdrroding tooth of-time. 

CHAP. 
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C II J\ P. XXI. 

T HOUGHTS on aqueduCts, and thei r ron(huCtillll of' irull, 
bear fo near a relation to briJgcs, t hat the ideas natllr:ll!y 

tl:!nd to that fubjefl, and hence I am lI:d to uncr IIm1:': dr;twin;:
on their formation of iron and wood. 

111 I " ~S country the attention of engineers, of late years, hav~ 
been much engaged in bridges of inlll, which bridges are prog,rd

lively expanding as experiellce produc'!s cour:lgc; nor {hould J be: 
fu rprifcd, if genius in time gave the mechanic rainbow of onc 
thouf. .. tnd feet to wide amI rapid rivers. 

III fuch countries as Ruffia ancl America, an c)(tCJ1fivc arch 
iccms to be a confidcration of the lirtl- importance: in crolling 
their rivers, as the rivers, or evcn rivlllcrs. in time of rain fuddcnly 
fwell to a great height , and in the Spring, on breaking up of the ice, 
the irnmcnfc quanti~ies which ili borne down with a rapid fU'cam 
would, if interrupted by finall :1rchcs and piers. coll~a to fut:h a 
weight as ultimately to bear away the whole j it is therefore IIccef
fary that one arch {hould be extcndl'd ~IS fa r as poffible. in futh 
fituation s, and fo high as to fuRcr eve:ry thing to pafs through j or 
the inhabitants nluft, without fome other expedient. fubmit their 
Paff@K~ to. th~ ' cafu~lcies of the weather. 

~~oft cxtcnfive {pan of, wooden bridges. as far as I am ac
Quainted with the fubjeC!, are thofe of Schaffbaufen and Wettingen, 

In 
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in Switzerbnd: the firft, cQnftruf.ted over t.he Rhine, is fanned in 
two [pans, one of one ,hundred and ' feventy-two f..:ct, the other 
one hundred ~nd ninety-threc, amounting to three hundred and 
flxty-fivc, fupportcd b~ one pier, relative to which there has b('cn 
numerous arguments. 

, 
The pier being the remains of an old bridge. and the artift ha

ving t!xprcfled his tldil'e to crofs the river in 'one fpan, or arch> 
but bei ng over-ruled by the magifirates. who ordered him to givL: 
it a hearing on the pier, it is f.1id he feemingly complied with the!r 
jJljllnCtiolls, but fo contrived that no part ihould aftuaHy touch 
the pier;: yet the'" pier is 1I0t in a line with tht buttrefies,' but out 
of the reCtilincal dircB:ion eight fcct, forming .all uhtufc angle; 
and this circumll:ancc is fuflicient to convince me; that it muit. ,relt 
Oil the pier; therefore the greaten- :1rch cannot be 'confidercd more 
than one hundred and nincty-tlll'cc feet; yet certainly a confidcrablc 
fil'ctch of genius, and a {hong inftance of the· curious fabric in 
which Dle frequently refides, the artift, Ubrick GJlJbenman. being 
a common carpl'lltcr, wi thout the lcaft knowledge of the princi

pks of mc.d,l~ics. 

In a dra~ing which J have (c·en, tb~.Jeading beam, compofed of 
two pieces laid all each other, rifes in a fpring.of about twenty f('!d 

over the picr~ 'ijrl1ilar to the principles of a roof, and braced by prr.:: 
l,cndicuJ,ars and diagonals, in order that it may preferve its polition, 
fo th;;t in fin11c degree it opcrat5:s like an arch, 'iolthough in appear
ance the fr;l111ing rcfcmbles a right line, the whole being roofed; a 
man Of) foot croffing this bridge will fed the whole fabri¢ tremble, 

, ~ ' " '~" ' 

yet itis fufficient to fuppert. ,'Y~gons heav,ily 'loaded,:'and ,~ars 

CVtry hardlhip ufual 10 bridges:' 

The 
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The bridge of Wittengen, C\Vcr tp.e Limmat, is a ij)o.ll of two 
hundred and forty feet, raifed about twenty feet from the..' wate-r, 
and may be faid to hang between two bows. the fyftcm by which 
it is fupportcd being a ftrong bow or arch compared of eight tim
b~rs bolted on each other to create breadth, and b:1ck up againft tlle 
weight, one of the bows being on each fide, formi ng a rpring of 
about twenty-five fect; the horfe road is fufpended bdwelon the two 
near the centre of the bend, this is alfo lOufed, and by the modI.: 
of combining, has more fimplicity and true mccllanifm than that 
.of Schaft1,au[ell, although conftruClcd by the f.,mc [elf. taught 

4rliJI· 

CHAP. 
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C HAP. XXII. 

I'LATE XIV. ON BRIDGES OF IR ON. 

ALTHOUGH variolls have been, and are, the opinions rdd
t i ve to the conftruEtion of bridges of iron lilt! wood; 

each ;:tftift fecms ncceHi tatl:d to n:fort to fomcthing like all ah h. but 
(littering in their mode of producing it: they frequently creat~ ' 
labour and expenee by erecting a complicated fabric. 

But, on this head, I conceive the firlt cart: is to have fufficient 
hlltlllclltS j after which, lr.:t c'lC.:h fegment of a circle, compoting a 
rih , be formed of finglc pieces as long as can conveniently be caft;~ 
and it is evident. 3. circ:le mull be comprefied into a {height line. 
or the butmcnts fcparatc before the bridgt: can come down. 

It is therefore on ly neccJT.11)' to form a fegment, fo that it may 
not change its pofltion. by !inking in on~ part and rifing in another, 
by the varions weights which it may have' to [upport, alfo guard 
againft yielding fide-ways ; for this purpbfe; the great quantity of 
iron or wood IS not 10 material as a judicious arrangement of 
rhe pans. 

In iron, or wood, rbe artift tmay be furnifhed with pieces' of 
greater length than poflibly can ?e obtained of itone; -. confe
quently~ there will not be "{ucb :numerous joinings j and thus the 
li,an may be further extended: olr-which fee Fig. I:' 

This 
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Tllis n:prd~:m~ .l ti,:gme.:nt of- iron 6xty fCd IUlIg, c.:ight iach..:!' 
bruad by (our th ick, and may be confidcl\.:d as a lingle flon..: 01 
th:tt length; whi<:h beingpl:tccd between lJU t!llcllh ilnd the [pring, 
pl'Cf":fnd in a perpendicular direction, let fi ... ·c wcights be.: fuijJcmkd 
at. equal diftance; rind, in ali probability, though L';ICh wl'ight 
amountr.::d to twenty tons, it would Iltpport the whok rive t,(}ua! 
to' o"ne hundred tons: yeti let one wdght of tv.renty tUlI S hl." fllf
pended between the centre :ltId cnd, as in Fig. II . 31ld i~ is r~a
fOllaGlc: to fuppofc. the whole 'would (;om~ to the ground , as the 
weight would comprers olle part and rail;': the otl1\;r, dcilroyillg 
the Ik,pc of the fcgmcnt. nnll prevcnt'lIlg the direCt longitudinal 
prdli.lrC"of the parts on each (lth..:r, for W;\I1t of countcr-\.\'l'ights 
to prefhve the equilibrium. Therefore, ;lftct' forming a fcgment, 
the great point is to dill)UfC of the bracesJ J() as to divide thl' wl'ight.s 
equally on the ClUVt' . 

T o cO·r.::el: this, Fig, Ill. reprefcnrs a fp:m of one hunclred and 
thil1.y fect, by a fcale of one inch to twenty K'ct; and is :1.11 

arrangement of parts which, I cOllcc.:i\·c, would tlallit without 
hutmcnts, this may he confirlcrcd :'I S a bow and firing; which 
firing, Ily keeping the bow bent, anfwers the pllrpufl,; of blltm..:nts; 
;til the other braces being for the purporc of prcfcrving til..: how 

,:.H1(1 ftring in their proper Jitllal'ioll, hy di\'idillg the wt ight 011 thc 
bvw. For ill fiance, :l weight OVl'r the pcqxndicular H, wi ll tend 
to cxtt:nrl 1. and 2 j in which cafc, they pafs on A and C, and they 
pull down the bow at F and G i F and G, by the fame fyfiem, pull 
down H and I, and fo Oil, wherever the weight is l~laced its pn:f
fu re will be divided, along the bow, which confcquently cannot 
V,l;" its porltiol1: according to the width of the bridge required. 
f'OllT or more of {ueh rihs muft be conllruEted and placc(i perhaps 
l en f('d diftant from clch other j tl'.e \",'hole being fanr.::ned by 

It cro[,-
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crofs-bars pailing through ·the fiirrups, ~ s itl tilt aqucrluC:t, and 

prevented from yielding fideways. by the diagonal braces exhibited 
at A, H, &c. Fig. IV. After which. the whole may be (owrcd 
with plates of iron, foiled and gravelled. or planked. and covel eLi 
with earth and gravel in like manner. 

Although. I conceive, there is little doubt but a bridge. as ahove 
defcribed, would ftand to the length of two or three hundred 
feet , yet the multiplicity of pieces of which it is (.omp.)[ed. in 
order to prcfcrve the III ape of the fegmcnt and relieve the hutment!;, 

would evidently occafion much labour and nicety of workmal1-
fllip; therefore it exhibits the importance of flrnplifying fw:h 
works, in order to facilitate their [onnation, and apply every 
particle of materials. Co that they may tend to !trengthen tht, 
whole, and not be liable to alter the politiou. 

I Ihall therefore return to the firft proporal of adequate but
mcnts, to rclift the longitudcnal prdfure of an arch of any 
dimcnfions. In this it mu!t be confidered, that the butments 
need not be of the immenfe fize which firfi itrikes the imagination; , 
for whatever dimenfions an arch of iron or wood may he, the quan~ 
tity of materials is c:afily calculated. and the weight which the but~ 
Dlents will have to rcult; for inftancc. if an arch weighs five hun.., 
dn:d tons, and the butmcnts oppofed to its preffure weighs one 
thoufand tOllS, they confcquently cannot move, not to mention the 
weight of earth backing, which tends to render them more per
m,ment j therefore, feeing that the foundations art fecured, and 

the fpring. , if any, well drained" in order to keepthetndry, I fec 
no difficulty in confuuCting butments to fupport an arch of any 
dimenfions, and that at much los expenee than butments and piers 
could be creCl:ed for a fione bridge j in the fame fituation partlcu,-

I,dy, 
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larJy, if fueh piers were to bc· built'.ill water of .my cOlllldcrablc 
depth. 

Having premifed the butments to be of fufii(;i L: Ht 11rcngth, J COll
fiCleJ' tilt: arch, whether it be compofed of iron or wood. to he like the 
reganent of a hoglhead. and the component paris as llcar 3 :; pof
fible likc the ftaves: for this purpof~. in conftruEting Olll: of iron, 
Fig. VIII. reprefents two llaves. {',ach of which might be C:lll:: in 
open fa'nll, four feet broad from twel ve to fifteen feet lung, tilt' 

pattern being funned to the radius of tlll: [pring, a flange 011 the 
lower Jide of the ftave 1110uid be caft. about one.: foot broad, witlt 
holes to receive the [crew pins j acrof."i the ftave oneor more ribs, if 
thought neceffary. Jhould be caft, to give Jlrcllgth to the top plate; 
thefe ribs and flanges, in uniting the flaws would butt 011 C;Jcll 

other, and ultimately compare a rib to the whole t'xtcnt of 
the bridge. 

Having caft the fiaves as wide and long as experience ll1:ly here
after prove expedient, I will luppofe it ncccfl~uy to crctt a hridge 
one hundred fect {pan, as in I-'ig. v. j in Luilding the hutmcnts, 
it would be adviftablc tv place two or tlU'fC fcgmcnts. ()f the fame 
radius. as the bridge, in each hutment. they lll:ing can with arms, 
or united to binders, in order to take a firm hold on the mafclllry. 
and become a permanent fupport; the ft:gment thlls palling imo 
the butmer'tts, 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 D'.uft PUOl the whole away before the arch could 
yield ~ but, without this precaution, the arch would Tefl 1u near 
the top of the hutment, as to raife the fione-work and endanger 
the whole. Having thus prepared the bntments, a centre of three or 

, more fcgments, fo that each nave may have two bc:arings,fhould be 
It 2 ereCted; 
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creEl-cd j and the Haves bei.llg read,. all ot vIle dimcnlion, and the 
[crcw-pins all of a fize , the :lrch might be fprung ill a few days, 
hreaking joint, as in Fig. VII. Thus t:ach flange and rib would 
hutt upon its neighbour, and the fcrew-pins cunfining the whole, 
it would become like one folid fegment of a cylinder onc foot 
thick, {'xtmt/i!1g into tJJi' pitn. 

By this mode, tl~ dilhcultics which arifl..! in fitting tliagon:ll , per_ 
pendicular anti latcr:lJ hr:lccs , arc avoided, the top plate llcrfofm
ing the uffin: of all [uch braces j which top-plates, ill other com
poJitiolls, h:lvC no tendency to fircngthen : thus every pan irk: is 
applied to reCifbnce, and the materials have hut few j~il1illgs; 
which jl1naions h;l\'c aliu broad and plo:rmancnt bearings of one 
foot on each other, th·.: fbagc and ribs being caft of th~tt Gqnh. 
Th us~ I conceive, a bridge of onc hundred fc..:et, or pcrhnps one 
hundred and fifty fc~t limn , might be ereCted at a cheap rafe, with 
with:l (mall quantity of matcri:l ls, yet with the profpe8- of great 
durability. If] fllppofc a bridge one hundred fet'[ fpan. thirty 
wide, with the top pbt\.~ one inch thick, fi ve flanges or ribs, each 
one foot broad and two inches thick) the whole weight of th~ 
arch would n0t be morc than feventy.eight t OilS, allowing one 
pound to every four cube inches of caft-iron. 

So far relates to iron bridgL's of one hundred or one hundred and 
fifty fcct fpan j but rhoulct it he necefiary to extend them to a 
greater length, to fay three hundred feet, two frgments would 
then he rcquifite; the tirft, as in Fig. VI. as the princjpal fupport; 
the fccond, to eafc the p::flage, Ihould be of fueh a bend as would 
admit an eary o.rccnt and ddc4.:nt j and, by being part oJ a curve, it 
:11io tends to f1-rengthcn; thus, if! fay, fpan threchundn::d feet, the 
fir;"t IjlTing thin), th(" [1,.'eond Il'ring ollly ten ftct, they both mull: . 

be 
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be comprcHed into {height line" bd<..w:e they can come down; they 
will alfo have tWCllt)' p!,;rpentlicubr fl.:ct of bC:lri ng 011 thc bl1tment) 
the bcarings oppulitc to the two fl.!g:mel1ts "("illg oppol~d by fct',
rm:nts entering tilt.: uutments, as bdorc (ldi:riLl:d j thl: two tegment :> 
mu!l be kept ai"undcr by p::rpcndicubrs ill the h ;Hllh:!II.::;, placed at 
about tell fect diltallce from each other. as ill the Figun:. ~l'e 

Plate XV. exhibiting the combination by rih -; alld br,lCt'S ; :l1(u 
Plate XVI. reprerenting the arch of flave!>. 

Having exhibited the mode of conflruc1iun, COnCl"j\,( il lHllll"-

cc!i:lry to comment on the particular form ~l.ti{)n, or tu draw ;I (um
parat~ view of this and other bridges of iron; a!i i:l cafcs where 
they may be required j the artifl wilt wt:igh tlit: various eircul11-
flanCl's, invdl-igatc the fcveral modes of ouilding, and (hoole fur 

himfdf j in which there is a kacling ddiberatiol1, vjz. Dy what 
J11C:lIl S call a givcn quantity of materials bc .:Irranbl'd, 10 as to incur 
the katl: expellec in erecting, and be rL'llllcrcd moll permanent .; 
:md by which mode will the leafl: m:J.tl.!rials ;I nfw: r tht: purpoft? 

CH .W . 
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C HAP. XXII. 

J'LATF. X VII. OF BRIOGES OF WO Oll. 

T HE jmportant objection to bridges of wood, is thejr rapid 
decay: and this o~jeaion is certainly well founded , when 

particular lituatiolls arc alluded to, where timber is (caree, and 
eonft:C]ucntly expenfive; but in fuch countries as America, where 
wood is abundant, I conceive it will be a fair critt:rion to judge 
of their application, by calculating on the expenee of a b;idge of 
!tone and oneof wood ; then compare the intereft of the principal 
Ca ved in adopting the wood-bridge, with the expence of its annual 
rcpalfs . 

I have before exhibited the necellity of conftruaing bridges in 
America, of an extcnfive fpan or arch, in order to [uffer the ice 
and collca cd waters to pafs without interruption: and for this 
purpofe, it muft be obfervcd, that a wood arch may be formed of 
a much greater length, or fpan, than it is pomble to erea one of 
fronc; hence they arc applicable to many Jituations, where ac
cumulated waters, bearing down trees and fields of ice~ would brufh 
a brid~ of Hone from its foundation. 

It therefore becomes of importanceJ 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 doneJ will admit air and wet, confequeritly 
tend to expedite the decay of the weak parts, has been a material 

7 error 



CANAL NAVIGATION . 

error in conftructing bridgcs.of w.vod; the mode of arranging 
the parts, by J rcpctition of bracing. has al[o expo[ed almoft every 
fide of the \\:hole of the timbers to the changes of the weather; 
confcqucntly. the whole was reduced to the durability of onc 
Rick, fimilar to fufp!:'nding a cage in open air, each fl:ick is cxpofed 
to decay, without receiving !helter from each other. 

It has alfo been ufu3.1 to place fupportcrs in the water, fubjet1-
ing th~m to the furge of floods, which {hake the wholt: fabric .; 
which fupporters decaying progrcffivc1y let down the upper works. 

But to render \vood-bridges of much more importanr.c than they 
have hitherto been confidered; tir£t, from tlleir extcnfiw fpan; tccoml , 
by their durability; two things muil: be confidcrcd : firjl, that the 
wood-works fllOUld fhllld clear of the fircaOl, in every part, by 
which it never would have any other weight to fufbin than thlt 
of the nfual carriagl: j. jixowl, that it be fa combined as to exdude 
as much as poffible the air and rain. 

For this purpofe, in ereaing a bridge of woou, J would pro
ceed much on the fame fyftem as in confuuCling- the one of iron 
flaves. For inH:ance, fuppofe a bridge three hundred f\'~t fpan, 
thirty feet wide, the butments being rendered [ecurc, and centres 
raifed on piles j let timbers, if convenicnt, be procured thirty feet 
long, ant! of as great diameter as the country will produce; fuch 
timbers being fquared and planed to the r:idius of the arch. with 
the holes to receive a bolt or trundle, about four fect diftant from 
each other; the · whole operation in fpringing the arch, will b:; 
to~ tar or plint the junCtions with white lead, and infert the 
trundle

l 
as at A, Fig. II. and prcfs them clofc, thm Jay them 

fide by fide, by which means an arch might be laid in a few 
days, 
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tions; the qucfiioll is, Whethet , tnc. arrangement of parts is (0 

calculated as to guard agajnft fuch accidents? which 'probably 
will appear by the following confidel1ltions : 

, 

Firft, the blltments may be made to rclift any weight. by giving 
a greater weight of fronc than there is wci,ght of matc:rials in the 
arch,' 

S('colld, the timbers being laid fitle by fide, like flav .. ~s. and 
phffing "all each othc;L", leave not' the Jcall apertl1re into which the 
'parts of mortifed and: framed timbers might be eomprcficd i hence, 

, feveralJ,i rnbers. in a long arch, mult ablolutc1y bt: compreHi.:d into 
nothing, before the fegmellt could become a 11:rait line. 

Third, lhat it mily not vary it~ pofition, by linking in one pan 
and rifing in anotlu:r, with the various weights. J will confider 
the It:1VCS and belts only: it muft be obfervcd, that by bolting 
down the belts. which belts may be f!'Olll thirty to forty feet lung, 
and break j oint, as in Fif:. II . tIle whole ' :\I:ch will beCOIlle: like one 
foEd p.i~cc of tinlber, bent ,1~ct~ecn fhe piers. I will now fup
pofe fbch a bridge forty feet bro3.d. the timbers combilled t.: ightecll . 

. " 
inches thick i hC11CC, admitti.ng that it was conftrutlcu of wood os 
DgAt as' firJ .each" lineal foot would weigh one ton and ' :1 haH~ 
• • • r . " -::. " ," ~ , 

,h~nce everi '~hlitj feet forw. d would weigl, forty~five tons; ns 
.' , . , ' Y,- " . 
,,8 waggol1, when load,ed, ' feldom wClghs mo~c ,than five tons t. 

, Alrl\"Oogh this may tlOt be necen:1ry. it il 'ctlt.in' ; lind 1t it is more my intention to 
exhibit {Itt! ptlffibiIity o( eonll:roBing bridge .• of 1 ,rcat (pan. tha.n. to point out the precife 

PtoPo~t:·oll · Of tha,,'pv.·, ,'· ·1 conceive. by Ihe"inr it pamble, future dcl~fatjons of 
,inJtetfioWlmen will Clet.um1.O.e " he"~ronnrlion . ' , " 

' t.)s..): .. thi~ ' t'ftlu.n tbe ,t,-tfad'·whcelcd waggon Of &gland. the American waggon i, fddo m 
more Ib.n tllt te: ton!. ~ , 

".! . S Alld 
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And admitting four fuch w<\£"gon~ weighing t',venty tons, to fumd 
abrc:'.fi on the bridge, in ' v';hich fituat,ioll they would have th!! , . . 
gn'::Itdl: poflible pl'cfiilfC! .~y · aaing 'n,ear the: £tme fpot ; yet, to 
comprefs the part, t~~rtY feet' of the bridge, at leaJt, un each fide. 
mufl: rife. and this in forne rncafure raifing the ' whole of the 
(pring. which would he a ' ... ·eight of a~ lca~ one hundreu .tOtis; 
hence. as twenty tons cannot move one hundr~d> wi.thoutJu~erior 
leverage, and as there IS no leverage obtained;" 'con'fequen~ily' there 
is 11 0 weight which it is rearonablc to fuppcife can come on .3 

bridge at om: 'time call illjure it. ' 

The longitudinal prdfurc heing confidered" the tcnq~ncy ~~. 
yield lideways niay be prcvented, by confiructing it wide at the: 
ends and contracted in the ccntte .;.· the , prc{fure will thert' be 
refilled by an arch in every direCtion. Havins exhibitl:d the (.'OrJ

ttruCtion, and afIigncd my rcafons foJ' its permanency, I hope it 
will carliy be admitted, that <\. bridge of three hundred teet would 
bc pt'ffcctJy Cafe; hut. if the rcadc:r {hould hefn3tc at this, he 
has my rea10n wily it would nand, and it will be wcU to dikovcr 
the rcafon why it ,would not: but fUl?po{ing it admitted. that three 

. hundred feet would be fafe, I 'fee ' ~lO ' ditfere~ce between that and 
Olll' of five hU!ldred, or even more feet f~nJ the proportions bl:ing 
prdt.:rvcd by' a (pring une tt!9,th of t~~ '(pan ' 

' . ' ,'~ .,': 
• When the ,rue priQciple of builJing bridge; of .,./~ i. difeovc.red. their .pt,o&. .. ~~e 

txt('rultlf, .i~ IU relfonablt • . 1lS the in(r~~(cd d~)n!nfiOn', or. ~'S ;,,~wbi.ch, ,in e~~',~, 
...... ;u deemtd a gr'~t .work if.they Imo\lt:lu.A toone ~\lnd~d ,~ bunhcn; but time l 1!d ex
perience b~ ~ ex~en\lcil th,: an oflhip.~ild.i'!I:·g: to two ~(lU(i\lId ~n! i :.r.ud ~ in th.: cl).'Pbin&ti,on 

.mll Qrr:,ngcment of the vl.riO:u, and wi:npliQ"teq pam; t/,cre certainly j, more. gcru..s ,Iwd 

lilbour I .. quircd U1,1n in ereEljng ;\ Ilridg~ of'~!'~ J\~Ddrcd I,Ir 0",: thou(and ·~«:t lpan; but th.: 

grellt , ~and for Ihippitlg ',hILI rel\a~1J "th~ ':formatioll. [amj~~¥f ~.{l.4. "thC;~.l~~Jc~ .bulk 
gradually. grew into tbe fenfcl ; but ·.hl~ . , man, in the . inr~~)\'Cff n~val ', "n:b.i(~I'C'. 
NMed II.t . ' ~e{ii:1 of two ~a"d _"lO'" 1 lin incl i n~d to rJilli'k hir cou:omporltry ':itlifh 
",:\I(j ld 6x hiJn with the ge~ili JIjlp ~ lI .. don uf mad-man. , . . .• : 

7 ' ' ~avinz 
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Haying made this affertion, almolt fear I have furfeited the 
COnfi9Cfl1Ce 'of my reader, who n;ay no'w be, inclined to doubt the 
!lability of my fenres j but patience 'fuould accompany invcfl:iga
tion. and I mujt beg o( him to. rroceed to give fome ' idea of 
the proportion of fueh a h;idge of five hundred fcet fpan. fifty 
feet {pring, ~nd forty f~t' broad: take a board c:leven feet 
long~ ten inches wide, and half-inch thick, and bend it be
tween 'two blocks :rin it rifes' 'twelve inches, and 'it will give a 
II:lodcl of the {pring of an arch eompofcd of t.wo rows of (taves, 
~cll a· foot thick, amounting to two fed in thicknefs,; extend 
this idea, by mcafuring off 'five hundred feet in 3 field. and 
imabrll1U.lg a perpcndicuJar in the ccntre fifty feet high. tilen 
draw a feg-ment by the eye. conceive the whole well wedged, and 
holted together, the proportions of the timbers preferved, and 
deliberate 011 the part where it could give way. 

,', , 

TO 
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rHOMA~' MIFFLIN, 

GOVERNOR OF THE COMMO~WEA':TH OF P.EN~·SY:LVA}rlA. .. .- ..." .. \ " .-
SIR, 

. ,,'0< .~ .; , '. - v ~ ... ' 

D U R IN G the profecution;- o( myi eXpeQn#Its 'qn'''Cililah 'j>e-
rations, whieh arc e~bited in the~~cccding ~*t '. 

fn:qu cntly contemplated their -great importance ' ·tQ .. ~e .. Stites ',pf 
America, and much wifhcd tQ" awaken -,the ' publi~~ind 'to' a .fu~. 
fcnfe of the fubjefr ; but, on cOllfidcring .the habits:~'b£ the' p~: 
of the interior country, accul\qmerl W,ly, to !,aria 2amage, i feared 
much difficulty 'would arife in "rem~ng the ~rej~~~~..iIl , faY.our"~f 
waggoning, and in :raifUlg a fum of ' money' a\!~ij\!!lte to the fidt) 

, " J • ""'.' •. • • , ..., . , '., '1·.-. ' . 
expellee pf a canal of iIJlP?rtaD:Ce .. -:.;~ 'Il1 d~l~b~~g .on. ~he, -J?t?~: 
of furmounting thcf~ .o~a~lc;:! , }:~:s ,~~~,~?r~~Jt~~1~.~~t \1if~:li 
your Addrefs to the Ho~e<of Repr!,fe"t~tlves , m 1795:, and,partl
cularly happy to find 'you'ddea" , of tht"i'rnp,;rtance of eafy"col!'-
n;w'llcatio~~' ,~een :rctrtote 'p~~f'?th~~·o~~: t fo' ~f.f~~~.~~ 
my own j and Aat th~ fa~e·~tim,e r:I;" -earlieftly '-~Ccoinmeiided' tb':tf1~' 

• ,. " ._ , ~ .. ~.;\;.'~' ,t::;. ~ "I .,, ~~ ...... ; ;; .1. , t. !~;. , . ", 
publIC attention ': WhlCh 'c.rcu~nc~ :''''Q urgoo."!~,, !? addt¥. thIS 
Chapter 'to you; con~inced thili youii(~ilfeof'th't~!',~" wil1 nat, 
fuff~r ,any, obfer~ati9ns which ' ~aY;';~;:i1(e!\t .. ~~;~~~~.' , 

"I muft the'ierore r«ilue'lll.'Yql 
dow~ . which you 
!lId pr.ene., 
ted for half 
clJ;~e 'oIi~ tb~rii " u 
'me1\: '~~htai:US ~~1~~~~1~:~~ , 
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¥lv~p.ta~ which lock canals caA' nc~~: ,:gi~re, and ~hicJ~ precludes
",il .r~tt,\e~lJity of carriage: yet the f~~a ll c~nnl takes in evr:ry kiJld 
'JL ~9nvcyJnc~t and pcrfonps ~e' 4~u~~~, ~#icc of a canal and road> 
~heref~r~, if ,f9~nd,c~ and g~)\:~~d by,' fount! principles, :l moull
t~nous.(ount~y may have a~ t1u~ ,blcllings ofwatcr conveyance, [0 

:elebrattid in the leveI." im.d fOrbli: . plains of Egypt. But how to 
, \ "" -'.' , . . ,". .. rI' . ", 

~xt4i(thefe ~on~~ci.es int~ cIJery corner and difhiCt of Ameri~a. 
,; iioW ,tobe:coill)de.:~. .' 

'While 'the mind hovers over the immcnfc continent of AmcriGlJ 

l11d view~ iU' ~Ilft int~ril')~,- i~habi~ed in V:lri~llS difhitls remote 
.' \ ~ . 

F(OD1l~ marts ~f' trade, '.with infinj~e fccnes for the improvt:n1cnt 
~rid nouriOlmera of ~illions o~ hupp,,n Q.e~ng~ , philanthrophy fe,eks 
t'o ':~combine the ':,cxeruons 'of the' prefent ' itihabitants to facilitate, 
"w /. " 

their labou{ • . ~xt~d .their ,interetls, invi~e population, and give a 
c~tti-vating 4and to eyery acre of that extinfive territory. 
" ' : <!- " , 'i"1 

T<:>luch' ':~ \~i~:'~ in' ~'J/point of view, ' is "prcfcntcd a great and 
fer1ile cou'ntry-," interraerf~ , \.vith., luxlU'iant vales and numerous 
mou'ntains. nouriflt:ing : i!!fi.nii~:~·.rivu,le,ls l· wl~ich, meandring the 
',h . . " C' . " . . , 

o9i:lIitry, " feed long and rugged rjvcrs~ .~irninjnljng to naked ~oals 
in 'dry.·' feafons: ~9r ' fwelling ,tt? roaJing torn,: nts in time ot 'ro.;,n ; ' 
, .::..,.'.,., . ' , 
prefling .~~ic , . t~ough. ftupcndous cliffs and infinite rocks, 
wefcl\t. ob~,a~@,,-,tl1J)avi!l'll!ng the fu'e3l1J:s of . !iarurc. " 
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the cxpcncc of carriage. an<+ hcn\!t remote parts are exdu.dc~ 'ttt 
marker, or a faci~ity of exchanging their 'furplus produ~ .~r Uf!:
cdlaries which they may t;cqq~e; thus the nerves of exertidn'-\u-c 
cramped,< the faculties of'bOdy and mind are not called forth. and 
th~ country remains a dreary an4 ihbofpitable waRe. B~ t~ en
courage population anq inc.reare the value 'of the I,ands. , the ~~Pe1l: 
pomble conveyance of the produce muft be eftabliJhed oU'(lj:>linJ 
})clnciplcs j for, exaEUy 'i,n propOrtion to the ~are"or"reaciMn~~Ftl~c 
market, the remote countries of. equal fcrtili:ty will be of "mOCC"pl' 

leis cOll1cqucncc in the fcalc oft fociety; thee'cforc. to . fum ." \~P '~tke 
idea, would not the lands about Fort-Pit be as valuable"as thoft: 
round Lallcaftcl\ jf the produce conld be brought t~ m<f{t\:ct·,(or 
the fame fwn; and£'would uot ppp~lati~n cOllfequent1y be ~~ 
couragcd? , , 

" 

For this purpore. as I have theih:Dngeft ,conviC1ion operating on 
my mind, that canal~, arc 'the' only . ~ffe£.tual1Tleall~ · 'of producing 
t:afy commllni(,;~tjonsl" and that they confcqucntly are of ,the ut
m~fi: imp~rtan<.:e j I ,much willi that t!I~ publiC may be ~ade: 
thorp1lglily Jcufible of their utility. and th,'tcach State might c&
olifh a loclcty to inveftigate"the,propriety of forming tht!m i.n-filch 

.:c1ifiriEts as the pref~nt fiate of popula~on a1~d tr¥lc may mdft rt-! 
(}l1irc th~m; keeping one important objeCt in vi~w::~~t a'~l futur~ , _. ," ,,,,,!o,.,, _, .' I 

conal. may be conftuEh:d 011 Ol\G li;ak al'\d 'priJlcip!~ in oi"d~ ~"" 
when tht: ' vaJ:ious b~ricl~es · m~t;,:,~e bo·ats~t.9h(~J.DaY~!1.~Vi·s.l¥ 
,\hc otht·'r \\'hereverc~nals"C~e~ , T~s" y?U .w.ilr?Qre~ve h;s...1~~en 

: ,,'1I1Y willi throughout, .,and \it , ~~ bich;l hope I¥ve bet:'tf'?, f~·tunatc 
as to fuccccd ; if fo. canals app.e;.iin'~ ru:w lig!lt, and'.:u;c;.,ftiW' ~10rc 

, I important than formerly, be~a~~ play ltg~\~. ~ t9 el!![Y' 
kind,of:m ntrv, andby,i~i~.~J'itefs., ap.r4~Y'~ to tl,~;'ex-

" pence of..con(b-udm,~ · turnpiJ:t;e l"9:ilds. . . h ' 

At 

.• ',J,:, 
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At a period when a country i(iinpx;.ovillg, hy turnpike roads. ,the 
queftj,on-> is'. whether it is not heft· to adopt canals; and the crit~rion ' 

t to judge .of the propriety of the cana~. win rlcpcnd O~l fimplc cal
culation. to the following dfeCt; rjI. ' what is the cxpence of the 
road; 2(/, ' what 'is the expence of the' Glnal j. 3d. what is the ex-
11c'nce of 'carriage by the road '; 4th, what;s the exp'~nce of <:3.rri;'lge 
by the ~na1; and probably li w~l1 be found the canal will p«.:rform 
the work fq .cheap,· as to jUll:ify threc,or four times tile fum being cx
l?cnded i~ the canal, that would he neccmuy to C'onfil'l1Ctil1g 3. road of 
the falJ\e length; t .O which one confideration mufl: be added in favour 
of'the canal) viz. on ail roads, however good. the great expenee of 

, car.riag~is the ll'!fl1bcr of-horfes; hnt. on canals) the principal expence 
js tht: tonnage o~ tolls to the proprit::tors, as interefl' for the money a{t
vancro in forming the eana.!: yet thif tonnagc by n jurlicio\ls ar
rangement may be reduced. if 1I0t liquitlattdi and the <:arriage on a 

'canal rna" be (o\egulated, that goods conveyed four hunrlred 
or more miless will not eoft more than thofe which arc navigated 
eighty 'or onc' hundred miles; yet the eighty or one hundred 'miles 
canal .conveyance wi!) notcoft half thc fum Jlt:ccJl ~l ry to land car
riage, on the beft of roa'ds~ 

,'. 

To, elncidate this,) \\!iU.Juppofc a canal from Philadelphia to 
Fort':Pi,t. or ~~Y ',~ther long~ ~ne. tolay, three hundred and fif[y 
~les ; qri f~ch~~Canal ~~ .man. boy, and·harfe. would convr.:y fvrty 
t01\~ . tw~nty '~!l'¥ ','I'<r · ilay. and "l:rivc at Philad',lphia in (Jay) 
eighteen day,; at :,JO~,' per day. :amolll'lUng to I So fuillings for forty 
tons" 'qt 4.r. lJd~ :~~. ton; 'the e~penee of boating. indl'pl:ndl'llt of 
,tolls; , By" a tro~a of.: the faine, length. four horfe" perhaps 'five. 

;; ~~~~~t out ~~:~t' 'mOl~ t~an tw.o tons, ~a, tra~'el~ing at the 
'Ta~~ ~'t~ent~:fi~~1i'if"" pt:r d.1~" a,,:,ve at Philadelphia '~ fourtccll 
,days.; ana. to '(ay oruy t~() ,gollan. or ISS. per day, amollTltmg to Z 10 
',lhi!liIlgs:' Of ,51," 5s, \>cr' to"; {or, \f3ggoning. independeut of turn~" 
,. ~. - . ", ~,. , ..... :.1 ... <>-

F"" , 
. 1 " 



P!~~'; This. , I h?pe. ,\V\I!:,~,~I!ipi~.the ' immenfe,.,<!ilparlty ,~~~ 
I,th~ two modes • . ,anli ~w'"that l;'f'ds. hqwever ,&~. ,~"~jif"" 
rl'caually reli;ve, :?,:rem'?~,.~~R!gOC~ ,,,·, T~~':que~o11 ~en,:~~;~QWl~9, 
,confuu~~ a canalinorder.W;~uq, ~he to!l~.l,!l~d col1)P~Q- ~Ililt, 
' the diftill~t: ~lh:icts; , !h~s ~ oop:~v,,;~ill, t~tally deP9lldQ~ihFlM<le 
of ralfing a~d :ppropnalf!!~ FiWri'~{;;.money, t<>;, t!)!: ,~ji.ftyll'r 
one hundred mIles of can3i, ,, ' - .', .,. 

In this c<>;un~rYJ canals arc , . ot~~j~:~~~~~~ . receive a toll on the carriage as_ an. ;hte,'e.rt 
adva!,ced. and the, U!t,!,enfe qu~ntitY 
part of this campaEl: Wingdom. , ' 

,tcreft for, the money ' J<VC!lded; ,w.\u,le 
reduced below 'that ' JaJld,,,cQJ:\VeJ,ijiiiC£; ,bll~,:~~>tl 
roned with water;' .with ~~I!!!I'r~i!, ,;(e, • • ~,artl' 
remote from the ni.ark~tJ 
any comparative length 
{even or eight hundred" 

l'ecel.Vlllg at fo .•. .". .. l,;:[:,;q!)#, .• " j*i~lJgll;it 

mhch 1~1~ ~'~;J1i~I;~~~ 
the ~i 

~American canals,: for 
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tolls, independent of boating; .4.nd hcnc~ I conceive the prodl1ce 
could not bear the expcncc of cahiagC'by this method. 

, .-~ 

But as it is the produce of the i-nterior country which muff be 
. drawn f01111, the leading canals Chould be national works, perhap:i 
by the following fyil cm, 

Firft, That the legifbturc, by fuch duties 01' impofl:s :l.S they C011-

c~i,'e moil: cligibl&, raifc a fum of money adequate to the ~~ xpcncc; 

of the 6;·ft fixty or feventy Illiles of canal ; to fay from Phil:tticll'hja 
to L:mcafter, which perhaps'may coil ' 50,0001. of whidl 30,0001. 
pCI' anp,um , may be required till the canal is finifllt.'c.L On this 
e(lnal l fixt.y miles long, 'jf I [uppofc fifty tons per rl:ly to Ul: r.' avi
gated at two-pence per ton per mile, allowing two hundred and 
eighty wOl'kiri~ d<1Ys pel: year, it would amount to 710001. per 
annum, wblch·nloll1d be appli!!d to extending the can:11 ; the tolls 
on- ruch extenfion being appropriated in like manner to flll1hcl' 

cxtenrioll, :mrl fa on, the toB to be continllal1y devoted to form
ing more c~nal r tiJi canals would pervade the whoIe country hy 
viltuc of their own produce arifing from the tolls. 

1£ t!lis mode of cxtending the canal, by appropl'iating the tolls, 
fhould l?e deemed too t(;ciiollS for the fpccdy n:litJ to the interior 

. country" an~ tHe funds of the ftatc W0\11d admlt of till:' ad\,;ul Ci;: 

of ,<1 .further 'fum, they might .i.mmediatdy extct1cl the canal two 
hmuirea mlle~ ; and receive the toUs;till the 101ft advanced rUin was 
1~q1.l1dited; '.pr, :J,S the:: proprictors of the lands in the interior would 

, be muchbendited by' their property being raifed in value, probahly 
the>:, might raire ~ {urn, and receive the tolls· till fuch fum was 
liq\'fi(fatcd;.: ' thc~larial~_being ~frei\fed in value) might be c! l!cr;ltd~, 

T [u/lidetit · ' 
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fufficient !ntcrcft tilJ the pr_incjp~1 was di(chargr.d, which would 
lliminifh every year. 

! 

IF by either of there modes, or any better which can be deviCed, 
J fuppofe the firlt two hundred miles of canal to be fo"";oo, the 
tflde will be more in proportion-to the length than on the firll fi/<.ty 
miles before cllimated i bccaufc, being more remote from . the 
metropolis, the interior inhabitants will be ]1cceffitated to fly to the 
canal. the tonnage will a1fo be greater ; thereforc. if I -~.llow on 
thc two hUlldrcd miles one hundred tons pcr day, to be.: navigated 
at twenty ihillings pet tun for the whole Jengt~J or in propor
tion for ~l fhorter difiance, the annual produce would be 2.B ... o,ool..i_, 
and having arrived at Cueh annual income. canals would proceed 
with difpalch, and progretIivcJy il\s.re~feJ both in 'riches and ex
tcltfioll ; each year the produce of t.onnage would i.m:rca(c, and 
each year a greater kngth of callal might be conftruCted. 

TJ.ll'rcfofC . if I proct!I.:J with this progreffive and creative fyficm, 
Lilt a canal reached Fort-Pit, which, with fome bends, I will call 
three lU1l1drc(i and fixty miles ; the country. which fuch canal 
-would accommodate, would widen .. as it was more remote from 
Philadelphia. For inll:mce, the man who lived twenty miles from 
Phibtldphia, might convey his goods feven to the canal j the man 
:It forty miles difiancc might go fourtecn or fifteen to tile canal. ' 
at ftxty m;les, tw.~nty to thc"(:anal; and fo on, till at the extre~ity 
of three hun<ire,'1 and fixty Illites, they probably would go ,fifty 
on cacl, flltc_ to the canal;' henc~) if I average the whole, (ueh 

Icanal may be faid to acco~oiI~te a country three hundred ami 
. .,.flXty mib lang, fifty mile, . \'Iide~ . on which ;t~e tonl1ais :~~lt 

"~ be l'egulated. 
'.. . 7 The 
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The man who refides twenty .hliIes. from Philadelphia, and feven 
:rom the canal, {houlJ he convey a ton of goods by land. it would 
'0 worth at leaft fifteen fhillings, as it would .mploy a man and 
wo horfe, two days~. 

'The carriage to the canal, (even miles tn like 
. proportion, 

Carriage 011 the canal, 

s. 

5 
4 -

Total, 9 

Thus the faving would be fix fhillings, and the tonnage fhould 
incrca'tf to a certain fum un the flr1l:. hundred· miles of c<lnal, 
keeping mueh within the limits of land-carriage ,; tht:n decn::afc <15 

the boatillg increafed. in order to draw the trade of the ba..:k 
country into the canal. 

The expenee of boating a ton twenty miles will be as follows: 
a man , boy, and horfe, wjlL convey forty tons twcnty"milcs for 
ten fhillings, which is three-pence per ton for lWen[y mires; 
but to allow contingencies, £Iy four-pence PCT ton, for bo'l1'ing 
twenty miles; the tonnage. and boa'ting 011 the three h!llllln.:d ;md 
ftxty mile:. Jhould then be rcgul:lted, pcrh;lps, in the foll(H.·" ;ll~ 

prder . 

• The Englii.: I'cador, who J11,'Y look oyer lhiJ ch:tpu:r. may perhaps be [urprif(d at 
n~tmg the bnd,urriage of America Cu low. :But:lS I do not know the 3vcr:tge upence of 
tllM cO'mUy, 'I .fftirDate i~ low inord~r ~o give it every <I dVlI-nlagc , in:l cornparaliVCl'iCIV , 

with t~t: ennal. In EngliJl.d. il would 1;0.0. at lean one guinu. with all the advant;:.r;'· of 
'~~\turnl'ikt roads .. I 
~. ~. . 

T, 
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MileJ , r onnage. Boating. A mount;. 
s. d. s. d. s. .1. 

20 4 0 0 . 4 4 4 

4 0 8 0 0 8 S 8 
6 0 12 0 I 0 '3 0 

80 16 0 1 4 17 4 
10 0 20 0 I 8 20 ~ 

120 '9 8 2 0 01 S 

'40 19 4- a 4 20 8 

160 19 0 2 8 0 , S 

1 80 18 8 3 0 0, 8 

2 00 , 8 4 3 4 21 . g 

220 I B'': 0 3 8 21 8 

240 '7 8 4 0 21 8 
260 '7 4 4 4 2I S 
280 '7 0 4 8 21 8 

300 16 8 5 0 2, 8 

320 J6 4 5 4 21 8 

340 )6 0 5 8 21 8 

360 )5 3 6 0 21 8 

By thi, (yacm. the country at the extremity of three hundrccl 
and lj).' ty miles, wou1d tldiver goods at Philadelphia for twenty-

at the. ("lnc ihillings and eight-pence ; which is the fame as paid 
difi:ancc of one hundred miles i to which the land-carriage to the 
canal mufi be adrled. But as (ueh a fyllcm would open a market 
to the remote coul'. try. every acre of ground within reach of the 

., Thi., bring wit hin the lim i i, ~f laml.carriage, the tOflDJ&C muft now ~gin 10 
decrr:a(c .u t it!;, hO:J.1inS is incre;lfcd. 

t J f the boats re lurn ·without b~ck.c:arriJge. the C)/pcll<:C of boatiflg, which on the three 

!.unllred and fixt)' nlile~ is Ii :.: Ih.illings. mWl be dcdu&d {rom tlac tQlU; and iA proportion 
QIl Iobt varioQ! parl ~ of ~he <:arul. 

canal 
" , 
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canal would become more valua1.,k:, and ~h c C:1rri3 f
b
rc to the canal • • 

mufi be borne for fi ): ~1C ye:1rs, But,as population increalcd. and 
the tonnage on the mai n lim; becaille produCt ivl', latl,.' rai branches 
would I.H; em from th(,; canal. and thus flJrther impruve.:: the coun
tr~ ; the tonnage on ruch branches beillg proporli.oned ~I S bdure 
ftatc:d, according 1.0 the diit:mct.' from the city .. 

The c.arriage on fuch c:l11 al wOllkl confcqucntly he immcn fc.; 
for. as t befure l1:1tl":<1. it would acconllno<.i:ltc a (Olllllry thn.": hun
dred and Jixly miks long, fifty miles v"'ide, in t il l.; TlI:lin, cOl)tain -, 

ingcightec:n thoulalld jflHare mi les, or ch;.Vc.:.ll millinn five hundred. 
and tw·:nty thouiand acres. Jr, by furtht:r illlprovc.:mcnt; j :1110\\1 
that. only every fiftieth acre will proclucl.: one tun of carriage per 
annum, the a mount WQul,\ be two hundred ami thirty thouf.1nd four 
hundred l~ms ; which :Ippcars) by averaging the pn::cL"lling lonnagt:, 
would coft fifteen Jhillings per ton, in tolls to the ca n"11} .1I1ltHlIlt

iog to 17z,Hool. peranllum, in onler to conftnlCl fu rlht: r <'::111<.\1; 
a fum adcquat~ t o fomling, perhaps eighty or Olle hundred mik s 
per y~a r : having arrivt:d at [uch a I~ngth, jL i ~ (;vid~nt (:Inal ~' 

would increall: with aftonifhing I"llpidity, and product' c.:o ll v(:lJii..°n· 
(i<.:s, even beyond the 1jmits of calculation; for it m uit be oh!tr
ved. and fhicUy adhered to. that by canals y()U may l:<Jtlali ... c Ihl.' 

carriage of the near omd remote country. as before cxhi!>it!"d by 
'the mode of regulating the boating with the tC)!1nagl.!. ill proportio ll 
to the extent; inafmuch as that a ton of goods may bc carried 
tlu'cc hundred :.md fixty miles for 11. JS. Sd. Ytt. was I to l'xh;n{l 

the idc3 to a frill more lliJ1allt diftriB-, by n:ducillg the tOllJl<Jgc :: ::. 
t h·.': uoatillg incrcafcd, till the tolls were anni!lilatcd, and the h i.!i. 

iog runctlnteo to It l S. 8el. ; a toll of goods might bl.: '~(). : ;,~~d 

thirtc<.:11 hundred miles for . th;lt fum j yet a ton cOllld nut Lc 
'\vaggoned the fame diftance for le fs than 381. 10$, Co great is the 
ilifp.rity b"twC!'n land and watcr-c<UTiagc. 

B enct.: 
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Hence it muft be evident, that t-oads, however zood, can never 
• • 

effectually affift the remote country, each mile is attended witll a 
heavy expence on carriage, till penetrating fo far, that the value 
of t'he produce is confumed in carriage j it terminates in a luxuriant 
wildernl>fs, fable ~nd uncultivated as the interior of Africa, But 
by canals) the conveyance may be fa cary , that they may penetrate 
the molt remote diftriCts. draw down the produce to the ports· of 
trade, and bear up the various conveniencies of life:; thus each
man may exchange his furpills labour for the ncceI1iu;ie~ or lu
xuries which he may require; hence his faculties will be put into 
aB:ion, cultivation will flouriOl., and enjoyment be more equally 
dit}"ufed i canals will pafs through every vale, meander rOlUJd each 
hill, and bind the whole country in th~ bonds of focial inter
cotll'f{.'; hL'llce population will be incrcafcd, each acre of Jand will 
become valuables induftry will be ilimulat.ed, and the nation, 
gaining I1:rcngth, will rife to unparalleled impOJtance, by virtue of 
fo powerful an ally as c;mals. 

Having exhibited the immcnfc difparity between canals and 
roads, with the mode of extending canals in every direCtion, by 
appropriating: the tolls ; it is evident, that fuch a {y.ilem will pro
dure infinite navigation. But the mode of conftructing them 
mult be maturely conftrlcrcd i and in this, two things muft be 
Ic rup1.1loufly adhered to. 

rirft, that can:tls may truly benefi~ -a country, it is nccelfary 
tho l',iTagc ihould be perfOlmcd wi th eq'l.l cafc each way. Se
cond, dIal the ncarcft courfe 'fhould Ibe taken to the princi
pal points of the co\mtry; and for both theft.· rcarons, the ., 
beds of the rivers. beyond tide. muft .!moll univerfally be 

for-
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forfaken * j becau(e torrents, in time of rain, which is extremely in
jurious to the works of art, whh tht Ihoals in dIy feafons, together 
with the current ever ftanding om: way, will very frequently inter
rupt free intcrcourfc, and render fre(}Fwatcr river navigations 
precanous. 

The rivers, creeks, and rivulets. which arc llumer'..lUS In all 
parts, Jl111!t be conlidered as the feeders of canals ; aml, in this 
refJX:Ct. having an abundance of watCl', America is vc ry for
tunate; Ja11.o is allo cheap and timber pll'nty. fo that tile great 
expenee of an American canal would be labour. 

Therefore, as it is the channels of art, which can only cflec
tually a{lift the country, 1 have conlhntlyendeavoured to find a 
fyfrem which might pars by the fireightcft line to a given j,oint ; 
hence you will ubferve the mode of muunringhills, t.:rofling va l
leys, rivers, and ddilcs, by the various machines j which, J hope, 
will difplny an eafy means of extending water (omrnunications 
through a great continent, and bear the mind to thore d3YS, when 
:1 well-direCted reco11omy in manual I3bour will give t:nlightctl(,'d 
and rational enjoyment to many miJIioJl!' of inhabitants: hopillg. 
that this important fubjt:t1 will make a part of the deliberation 
of a wife LcgiJlature, 

I remain, with all pollible RefpcCl, 

Yours fmcereJy J 

ROBERT FULTON . 

• 6y for(:t.king Ibe beus of the riven I mean, that Iller ihould not cnmrnfe or m:d,e ;t 

h iudFle purt of a leading c.lIIal; yet, howevtr numcrous·canab mil}' be. it \\ ill frc ' lllcll tly 
,hAppen d\;lt fome milck .of:l. ri'l'cr will allord cary navig:nioD. in p:micular f(:l((;'M. ;ltld pro
bably louch the lo ding' eaaah into ",.hien tbe J':ooJ ~, or pe~n..ps boats, may tN.. tr:Lus ti: r rcu 
from Lhe river ; fo', fmall boau will live on the Amcri~ :lLl rivcN ill ~rticlila r p:ort ~ and {C;l

(otu. ~f 'Jlrucb there .arc inauDlerat!e' ln1:ncc~ 1. i tue b:ltte;UlS und even carwc:)· 



II 'rnltA'ttS[, &c:, 

ADDITION 

i1' ~ tondt1f~jn.g a li,:e of canal through a m~lII'ttainous cOlUltry, 
II Jt may, m many mftances, he !!?,tremely <liffic ult to fupply ~hc 
top level with water to work the n1achinery j yet the country may 
produce fufficient :It the next lower level ; for infi.ancc, at . Qnc or 
two hundred feet below the top pond of canal. 

'n' {lIch' cafe, j f the ground is Hoping, fo as to admiror a difchargc 
from the bottom of the tub-pit, or fWU n 'lVater 'lchee/, the l11:\c'lilncry 
exhibited by the preceding Engravings may be placed. at the bottom 
of the pbnc. and receive motion from the WMer of the lower level ; 
hy which the boats may be paned to and from the Cummit with the 
fame f:1cility as if the machinery was on top of the plane, and thu$ 
the water of the fummit level will bl:: preferved: 'which exhibits 
,lJ1other important advantage over lock canals. 

The whole of the apparatus will .!fo equally apply, whether 
there are wheels to the boats or rollers to the plane, 

F r . N / S. 
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