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HIS ROYAL HIGHNESS

GEORGE,
PRINIC:E, ,of WA LES :

S IR,

‘ HE generous encouragcment con~
ftantly given by your Royal Pio-

gemtors to .thofe who have endeavoured
to make any Improvements in the ufeful
arts and {ciences, males me flatter; :myfelf
that Your Royal Highnefs, who- gwe fuch
carly hopes of inheriting all their virtues,
will be gracioufly pleafed to honour the
followmg treatife with Your Patronage
My aim in publithing it, is to {hew how
fortrefles may be built in the beft and
cheapeft manner.. I tndy venture to fay,
that a work of this kind has been hitherto
wanting in the Englifh ]anguage and I
‘'may add, that the fubje& 1s moft certain-
ly of importancé; experience ‘having too
- often fhewn the fatal effe@s which the
negle& of the art of Fortification may pro-

a2 ‘ duce,
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duce, as well as the advantages arifing ta
our prudent nexghbours from the great
- encouragements they give to this branch
“of Knowledge.

Your Royal Grandfather, ever attentive
to the public fecurity and welfare, moft
- gracioufly inftituted the Royal Academy of
Artillery for the inftru@ion of young gen-
tlemen in the Art of War. As it is my
duty, fo it has ever been my care, to facili-
tate their ftudies: and if my labours fhould
be thought to deferve Your Royal High-
nefs’s attention and approbation, it would
be an ‘inexpreffible fatisfa&tion to me, who
think myfelf happy in every opportunity of
‘ﬂlewmg the profound refpect with which
I am,
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 Yur Rovar Hicuwess's
”’?/}.5?‘%;5152 |
moft &;fz;f%lgf‘ A
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Woolwich,

§at 1755 and moft obedient fervant,

JouNn MuLLER,
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X 7HEN afortrefs is to be built, to choofe
fuch a fituation as will an{wer the intent

. in the beft manner, to adapt the works
porperly, and to ufe no more than are neceffary, to
make from theit plans and profils an eftimate of
the quantity of mafonry requifite, and of theearth
to be removed; to trace the plan on the ground,
to lay the foundation in 4any kind of foil, to com=
pleat the walls,ramparts; and allthemilitary build-
~ ings, fuch as draw-bridges, town-gates, powder-
magazines, barracks, ftore-houfes, cazemats, and
fally-ports; thefe ate the fubjects of Practical For-
tification, and what we propofetotreatof inthefol-
lowing work, together with the manner of build-
ing ftone-bridges over large rivers, piers for inclo-
fing harbours,wharfs,quays,fluices,anddaqueduéts.
As no Treatife of this kind has appeared yetin
Englith, I thought it would not altogether be ufe-
lefs to the public,if I fhould give, in a plain and
eafy manner, the conftruction and executive part
of the worksbelonging to afortrefs, and add what-
ever might contribute to the improvement of this

aj - ufeful
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ufeful art, fuch as the theories contained in this
work, which it has been my endeavour to render
as general, and as fimple as the nature of the fub~
je&t will admit of, that they might extend toalithe -
difterent cafes which may occur, and at the fame
time be with eafe adapted to common practice.
It being of importance to know the proper thick~-
nefles of the walls which fupport earth, fo that
they may be ftrong and durable, yet not more fo
thanis neceflary; therefore this work begins with
a general theory of them; which being deduced
from the leaft exceptionable principles, is applica~
- blein all kinds of foils and cafes: for the common
fuppofition made by{ome gentlemen of the Aca-
demy of Sciences at Paris, and by Mr. Belidor;
that the natural flope of earth not fupported by a
wall forms an angle with the horizon of 45 de-
grees, is true in one particular kind of foil only.
Thisis plain to reafon, from the different tenaci-
ties of different foils, and may be verified by an
eafy experiment; which will ferve likewife as a
practical method for finding the angle formed by
the natural flope of any kind of earth. E
Make a bank of newly removed earth about ten
or twelve feet high, and cut it vertically on one
fide; this bank being left ftanding during eight ar
ten months in the dampeft feafon, will form the
angle required. It is true, the particles of earth
being heterogeneous, they will not form an even
furface, therefore that angle will vary in different
places; butasin practice no geometrical exaétnefs
can be obtained, nor is required; if that angle
comes within five degrees of the real one, it is fuf~
ficient; for that quantity, more or lefs, makes little
difference in the thicknefs of walls, as may be fcen
4 ' in

;
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PR EF A C E vii
inthe tableof general rules. Since thenfandcaufes
a greater prefiure, and clay alefs one, than common
earth; to make the walls in each cafe of an equal
firength would endanger thofewhich fupport fand
of falling down, and there would be more work
than need be in thofe which fupportclay: befides,
as ftone is {pecifically heavier than brick, it isevi-
dent, that ftone walls do not require fo great a
thicknefs as thofe made of brick, yet the gentle-
men mentioned before;, have made no diftin&ion
betwoeen the one and the other in their theories.

As fome of my readers may not underftand al=
gebra, which I have been obliged to ufe, in order
to make the theory general; therefore, torender
this work ufeful to every reader, I have added a
table, containing general rules for finding the di-
menfions of ftone and brick walls of any height,
according to the different angles made by thenatu-
ral {lope of earth with a vertical feGtion, from 8o
to 30 degrees for every 5 degrees interval, and ac-
cording to the different flopes given towalls onthe
outfide. The natural flope of common earth ma-
king nearly an angle of 45 degrees, and being the
cafe that moft frequently happensin practice; I
have computed four tables of dimenfionsupon this
" fuppofition, two for ftone walls, and two for brick
ones, from ten to fifty feet high, with or without
' parapets: thefe tables contain the thicknefles
above and below in regard to the different flopes
given to the walls on the outfide, together with
the dimenfions of the counterforts; in order to
fave a builder the trouble of computing them
himfelf, although it be very fhort and eafy.

Since fortrefles are moftly built at prefent with
demi-revetements, that is, they are partly walled,

a4 : and

~
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and partly turfed on the outfide; I imaginéd that -

- tables containing the dimenfions of this kind of
walls would alfo be very ufeful, and fo much
the more acceptable to the reader, as no author
has given any before ; this was not owing to any
belief that they were not ufeful, but rather to
the difficulties in conftruing them: for as the
height of the walls and that of the earth above
them, form an infinite number of cafes, to com-
rehend them all in a table would have been im-
poflible : therefore the only thing that could have
- been expected was to give tables of their ratio’s,
as we have done. \
That I might omit nothing ufeful in practice,
1 have given problems of all the different profils of.
walls which {')xave hitherto been ufed upon various
occafions; and have compared the quantity of ma-
fonry that each of them requires, in order to know
which is preferable to the reft; whereas the French

authors, who are the only ones that have written-

upon this fubjec, have implicitly followed the
profil of Mr.Vauban, as being univerfally ufed by
all the engineers in France, without confidering
whetherit might not bechanged foranother better
adapted to thenature of the fubject; whereby they
have been reduced to the neceflity of making their

computations {o very operofe as they have done ; -

on the contrary, I confidered that as the fetions in
the fame kind of earth are always fimilar, by
making the profils likewife fimilar, the opera-
tions would become very eafy; fince the thick-
nefles of  thofe walls which have the fame flope
would then be to their heights in a conftant ratio.
I proceed next to the theory of arches, which is
efteemed one of the moft difficult problems in me~
chanics ;

e T V% ¥ B2
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PR EF A C E i%
chanicsy for tho’ feveral eminent mathematicians
have attempted to folve it, yet in my opinion, not
one hasentirely fucceeded ; for whoever reads their
performances of thiskind, will find, whenever their
general equations are applied to any particular ex-
ample, that nothing but abfurdities follow from
fome, and fuch dimenfions from others, as by no
means-anfwer the purpofe. Some of them have
fuppofed thatall thearch-ftones were quite finooth
and polithed, laid without any cement or mortar;
and others, that the part of the arch between the
key-ftone and the hanches was as it were one con-
tinued ftone,and the other partbetween the hanches
and the {pring of the arch, joined to the pier as if
all together formed likewife one ftone: but as
both.thefe fuppofitions are erroneous, and contrary
to what happens in arches, it is evident, that the
conclufions drawn therefrom cannot be juft.

Ihaveconfidered the preflure of everyarch-ftone
feparately, both in regard to its weight and the ob-
liquity of its dire&ion, and have fuppofed them to
be laid in fuch mortar, as is neither hard enough to
make the arch like one continued ftone, nor yet {o
foft as that they may flide with eafe upon each
other: from thence, and fome known principlesof
mechanics, it is eafily proved, that the fum of the
preflures of all the arch-ftones contained in half
the arch is equal to the preffure which the whole
weight would make, were it placed in the center
of gravity of half the arch ; whereby the folution
of the problem has been reduced to that of finding
thecentersof gravity inthe feveral figures of which
arches are compofed, which centers are found in
the moft fimple and eafy manner that the nature

of -
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of the fubje@ will admit of ; and the folution of
the problem, whereby the thicknefles of the piers
are found, is contained in a very fimple quadratic
equation.

It has hitherto been imagined, though without
any foundation, that an elliptic arch isweaker, and
prefles the piers with a greater force than a circu-
Jar one: the reafon which authors pretend to give
for this fuppofition is, that all the joints of a cir-
cular arch when produced meet in the fame point;
from thence they erroneoufly conclude, that it is
the ftrongeft; without confidering that all low
arches require lefs mafonry than thofe which are
higher, and that the increafe of force againft the

iers, arifing from the obliquity of their dire&ions,
1s diminithed more in proportion by the lefler
quantity of weight which they fupport. 4
In the problems given of the feveral kinds of*
arches, it has been found, that the thicknefs of the
piers are nearly the fame in all arches of the fame
width; though thofe of circular ones are rather
greater than any others, but yet not fo much as
deferves to be taken notice of. This appears alfo
from the common principles of mechanics; fince
the higheftarches, whichare moft loaded, have the
diretions of their preflures lefs oblique; and on
the contrary, the loweft, which are leaft loaded,
_have thedirections of theirprefluresmore inclined.
This being demonftrated, many difficulties,
which often arife in the conftrution of arches, are
eafily avoided : as for example, when a powder
magazine built in the common manner would be-
come fo high as to be feen from without, it may
be made with an elliptic arch: when cazemats,
‘ fally-
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fally-ports, or any other fubterraneous buildings
are to be built under low ramparts, and there is
not a fufficient quantity of earth to cover them if
the arches were made circular, they may be
made elliptic, or with arcs of circles. Itis true,
that elliptic arches may appear ‘not fo ftrong in
powder magazines as circular ones, and of con«
fequence, lefs able to refift the thock of the fhells
thrown upon them: but if it be confidered, that
they are more curvated at their hanches where
they are thinneft, #nd that the middle of the
arch, which is its weakeft part, is fufficiently
covered by mafonry to apprehend no danger
there; it will be found that the elliptic arches are
full as ftrong as the circular-ones.

" But the greateft ufe of elliptic arches appears
to be in the building of bridges, and they feem
indeed to be the only ones that are proper for fuch
works : for when the arches are of a great width,
the circular form raifes the middle of the bridge
too high above the ends, whereby the draught of
heavy carriages bccomes very great, neither does
it appear fo well to the eye, and requires much
more mafonry than is neceffary ; to which may be
added, that this great weight requires larger foun- -
dations for the piers, and often- caufes them to
fink when the f{oil underneath -is not very hard
and folid, as experience has fufficiently thewn.

I do not know what can excufe an architect,
who makes ufe of circular arches in bridges, when
it is known that they require fo much more ma-
fonry than is neceflary ; fince an elliptic arch is as
eafily defcribed upon boards with a ftring about
two points asa circular arch about one, neither

’ is
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is there any greater difficulty to trace the joint$
in one than in the other, nor in the making pat=
terns for cutting the arch-ftones: therefore the
pretended difficulties which fomebuildersalledge;
to be met with in the conftruétion of elliptic
arches, are frivolous and trifling; in comparifon to
the many advantages they have over all others. -

. If the arches of Wefiminfler-bridge had been
made elliptical; and fo as that their heights had
been two thirds of what they are now; then the
gaeat or middle arch, which s 76 feet wide, and
38 feet high, would have been reduced to the
height of 25 feet 4 inches only, and the reft in
proportion; the quantity of mafonry contained in
the arches would have been diminifhed by one
third, and the flope above, which is fo confider-
ablyfteep,and makes the bridge appearfodifagree«
able to the eye, would have become quite eafy.

In order to explain the feveral problems given
for different arches, and to make their application
plain and eafy; I have given examples in num-
bers of every one, and for the fake of faving trou-
ble to the builders, I have computed a table
of dimenfions for piers of powder magazines,
from 6 to 24 feet high, wherein the fhock of
the fhells that may be thrown upon them has
been confidered : as thefe dimenfions agree very
nearly with thofe which Mr. Vaubar has ufed in
the conftruction of feveral magazines; and thefe
magazines have never failed in any fiege, though
many thoufands of fhells have fallen upon them,

as has been related; the reader may depend upon |

the dimenfions we have given in our table.

The
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“The third fetion contains thetheoryof timber,
a fubject of nolefs importance to an engineer than
any of the former; fince thereby he is informed,
how to place every piece in its beft pofition, and
what dimenfions they ought to have, fo as the
whole frame fhall be equally ftrong in every part,
without ufing more timber than is neceffary.
After having determined the proportion between
the ftrength of fcantlings of the fame or different
forts of timbers, placed any how, and which have
different dimenfions ; I give feveral tables of di-
menfions for girders, joifts, principal rafters, and
other pieces ufed in buildings, made of oak or fir,
adapted to large and fmall buildings; and from
thence it is fhewn, that the dimenfions given by
archite&s, bear no juft proportion to each other.
As moft of ourparchitects make the oak fcant-
lings of larger dimenfions than thofe of fir, which
are to fupport thefame weight; and as Mr. Parent,
formerly of the Academy of Sciences at Paris, is
faid to have made feveral experiments on the
ftrength of timber, and found that the ftrength of
fir fcantlings is to the ftrength of oak fcantlings
of the fame dimenfions, as 6 to 5: I was induced
. tomake fome experiments myfelf, in order to con~
firm, or'thew the falfity of a fuppofition fo impro-
bable. By thefe experiments I found, that the
ftrength of the weakeft oak I tried, was to the
ftrength of the beft fir I could get, as 8 to 7, and
by comparing the beft of each fort, as 3 to2;
whichdiffers greatly fromthe pra&ticeof ourarchi-
tects, and the experiments made by Mr. Parent.
In regard to the practice which I have treated
of, in the fecond and third parts of this work, fuch
' as
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as forming a fcheme for building a fortrefs, the
manner of tracing the works on the ground, the
‘preparing and diftinguithing the materials, the
Taying the foundations in any kind of foil, the
building the walls and ramparts, together with
~ all the military buildings which fall under the
direCtion of an engineer ; we fhall refer the reader
for thefe to the table of contents; and only ob-
ferve here, that nothing has been omitted which
¥ imagined to be of any ufe to the young and
unexperienced engineer, .

The fourth and Jaft part treats of aquatic build-
ings, a fubject more copious, and no lefs neceflary
to be underftood by an engineer than any yet men-
tioned : for few fortrefles are now-a-days builg
but what are fituated near navigable rivers, lakes,
er the fea, for the benefit of trade and navigation; -
confequently bridges, harbours, fluices, and aque-
dué@s are immediately connected with them, and
are to be built by the fame engineer who directs
the works of the fortrefs; for which reafon,lhave
endeavoured to affift him as much as the thortnef§
of the work will admit of. '

This part begins with the defcription of ftone-
bridges, where, after having treated of their fitua-
tions, and other previous precautions to be taken
before the dimenfions are fixed upon; I give a2
problem for determining the thicknefs of piers of
any height, when the width of the arch is given;
andfrom thence Il have conftru&tedatable, contain=
ing the thicknefles of piers from 6 to 24 feet high
for arches from 20 to 100 feet wide, which no
author has yet done: It is true, Mr. Belidor has
givenarule for findingthe thicknefs of piers which

: - are
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are fix feet high: but as this rule ferves in one cafe
only, andisdeduced from practice,and not ground-
ed on theory, nor any {ubftantial reafons; it is
evident, that no great dependence can be had
thereon. Then I defcribe various methods for
laying the foundations, either with batardeaus,
coffers, or other contrivances, in different depths
of watcr,and inanykind of foil ; and alfothe man-
ner of carrying on the work from the beginning to
the entire finifhing the bndge, with all the fecuri-
ty and neceflary precautions we could think of.

After this I treat of harbours, a fubject of great
importance in a trading nation like this, to pre-
ferve not only the royal navy in ftormy weather,
but likewife afford an afylum for merchantmen
m diftrefs; though there have been feveral built
in different parts of Europe in later times, yet
we are very much in the dark in regard to a me-
thod whereby we may proceed in allkinds of fitua-
tions. Very few dire@ors of thefe works have
thought proper tocommunicate their proceedings
to the public. Mr. Belidor is the only author who
has written particularly upon this fubjec; but as
in moft parts of France ftones are in great plenty,
whereastheyaregenerallyveryf{carceinthegreateft
partofthis country; the method which theFrench
chiefly follow can be but of very little ufe here: it
is true, this author has given feveral others, that
may be ufed in moft fituations, which Ihave taken
care to infert in this work, and have added fuch
others as I imagined might fetve upon thofe oc-
cafions where his could not be applied.

I'have endeavoured to be as particular as pofli-
ble, in the preliminary enquiries to be made before
arefolution is taken to fix upon the fpot of grouft}d

or .
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for making a harbour ; as likewife in the choice
of the materials to be ufed; in placing the en~
trance of the harbour, fo as the fhips may enter
in ftormy weather, and fail out wlI:cn fair; in
the manner of laying the foundations in any kind
of foil, in that of carrying on the work; and
finally, in examining into the proper thicknefs
which the piers ought to have, in order to refift
the waves, and at the fame time be convenie
ent for lading and unlading fhips whenever it
fhould be found neceffary. =

‘To illuftrate what has been faid, I have given
the plan and fetion of a pier made of ftone or
brick, together with the plan and fetion of one
of wood, both which have formerly been propofed
for inclofing a harbour to be built at that time,
As it was faid that the funds allowed were not
fufficient to build the piers with ftone, I pro-
pofed to lay the foundation only with ftone, and
to finith the reft with bricks, ftrengthened at
every cight feet high, with a courfe of ftones
crampt together ; or, if this methed was yet too
dear, to build the piers with wooden frames, in
the manner given here; but an objeGtion was
made that brick would foon be deftroyed in falt=
water ; though it may be proved that when they
are well burnt, fuch as thofe called clinkers, they
are more lafting than Portland ftone: For at
Portfmouth, the foundations on the fea fide built
with this ftone, are made quite hollow, and worn
away by the motion of the fea-water ; whereas
the bricks ufed at Woolwich wharf, at Chatbam
dock, and at Dover harbour, befides fome others,
to be met with in Ho/land, are not the leaft dam-
aged, though they have been laid thefe many
"TEArs, ' , Whag
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What has been faid in refpect to -layingvthc

foundation, and carrying on the work of piers for-

harbours, will equally ferve for building wharfs,

quays, and flips for docks; fince the one and the

other require a continued wall to be made in wa-
ter; only wharfs and quays are built with lefs
trouble, on account of being near the fhore, where
the motion of the water is not fo dangerous ; and
are built but of a fingle wall, which therefore is
made ftronger, and fecured with land-ties, to

prevent its being thruft out by the heavy bur- |

thens generally laid upon them. ,
- The work concludes with the manner of build-
ing fluices and aqueduéts, a{ubject too copious to

be treated fo fully as it ought to be in fo fmall a-

work as this; however, the manner of fecuring
the foundation with common and dove-tail piles
has been fully explained, as well as that of making
the wooden frames and floors which are laid upon
them; and how the mafonry is to be carried on in
the fecureft manner. That the reader may be en-
abled to procced upon all the various occafions,
which may happen in practice, I have given a ge-
neral conftru¢tion of a large fluice with a double
pair of gates, in fuch a manner as to be applicable

to the moft effential cafes, by changing a few par-

ticulars, which may varyin certain circumftances ;
I have likewife thewn how to determine the moft
advantageous pofition of the gates, and given the
dimenfions of the feveral pieces of which the
gates of fuch fluices are compofed, whofe width
are from 8 to 48 feet; as likewife the irons made
ufe of to fix and fecure them : in fhort, nothing
effential has been omitted, which might any ways
contribute to the reader’s farisfaltion.
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If it be confidered, that canals for navigation
are made from one end of a country to the other,
over hillsand valleys, by means of fluices and aque-
dults; that harbours are formed and cleared from
the fand and thingle driven in by the water ; low
and marfhy lands dried and made arable, as like-
wife dry and barren lands {upplied with a proper
moifture to make them fruitful; countries are
defended againft a powerful enemy by forming
inundations ; towns fupplied with water : and if
to this we add, the excellent ufe of fluices in the
attack and defence of places, fo well defcribed
by Mr. Belidor, whereby a fortrefs may be made
almoft impregnable; whoever confiders all thefe
things, will find, that no works directed by an
enigneer, require a more extenfive knowledge,
both in theory and pra&ice.

I have endeavoured throughout the whole
work to be as diftin& as I could, in order to
make the {ubjet plain and eafy; but as no im~
provements can be made in any braneh of learning
without the help of theory, I fear that many of
my readers will not underftand the moft eflential
parts of this work, which it was not in my
power to treat of otherwife; I would therefore
advife the learncr to begin to ftudy my Elements
of Matbhematics, which were compofed chiefly
for military gentlemen, and to ferve as an intro-
ducion to works of this kind. o

As I am fenfible, that, for want of being tho-
roughly acquainted with the Exgliyh Language,
many grammatical errors are to be found in this
work, notwithftanding all the poffible care that
has been taken; I hope for the reader’s indul-
gence in this refpect. :
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TREATISE

CONTAINING
The PracticaL ParT
OF

FORTIFICATLON.
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S SECT I

The THEORY of WALLS.

N order to have aclear idéa of what follows in re-
I gard to the theory of walls, it is neceflary to ex-
plain the fuppofitions, on which its veracity de-
pends.  Thus we fuppofz that if new-made earth, fuch
. as in ramparts, was not fupported by a wall, the par-
ticles would loofen from each other by the dampnefs
of the weather, and tumble down fo as to make a flope
nearly in a plane furface, which planeis called the na-
tural flope of the earth; and is fuppofed to have al-
ways'the fame 1nclmatxon in the fame fort of foil.
The fecond is, that the wall is fo well cemented,
as if it were made of one fingle ftone, as far
as its foundation, fo that, if a fufficient power

was applied to any part of it, it would break
' B - off
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off near the foundation, and would turn in the fame
manner as if it was compofed of one ftone only.

The firft- of thefe fuppofitions may be proved in
this manner; fince whatever obliquity is required
for one particle to tumble down, the fame will alfo
. be required for any other of the fame weight and te-
nacity, and therefore the fum of all the particles‘tum-
bled down, will form a plane furface nearly, which
has always the fame inclination in the fame fort of
foil, but will vary according as the foil has a greater
or lefs tenacity. For example, fand will form a great-
er flope than common earth, and this a greater than
loam orclay. :

It may be faid, that all the particles of the fame
fort of foil have not the fame magnitude, as may be
feen diftinétly in fand, and therefore what we have
faid is not abfolutely true: but though it is impofiible
to determine this fubje& according toa methamatical
ftrictnefs, yet it is {fufficiently exa& for common prac-
tice, where fo great a nicety is not required, nor ne-
. ceffary.

As to the fecond fuppofition, if we confider that
the wall is always built a2 twelve month, or ought to
be fo, before the earth is laid againft it, it has time
to dry well, before any preflure is made againtt it;
befides fmall branches of wood are mixt with the
earth to leflen its preflure: and though the wall is’
joined as firmly to its foundation as in any other part,
_ yet this is advantageous to the refiftance of the wall;
and the fuppofed equilibrium, between the momen-
tums of earth and the wall, is not ftri¢tly true, nor
ought it to be fo; or elfe the wall would foon tum-
ble down, by the leaft accident that would happen.

PRO-
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Se¢t. 1. FORTIFICATION. 3
PROBLEM L

So find the proffure of earth reprefented by the triangle
CDT, againft the profil ABCD, of awall, in a
direction perpendicular to the wvertical ling D C.
Plate I. Fig. 1. : i

AS the profil ABCD, and the triangle DCT,
reprefent the bafes of folids which have the fame al-
titude, the weights of thefe folids will be proportignal
to their bafes; for which reafon we fhall confider the
areas of the fection ABCD, aod of the triangle
DCT, as fo many weights, which are proportionsl
to them. Since the fum of the momentums of all
the parts is equal to the momeéntum of the whole
weight re-united into its center of gravity by art. 422
of our Elem. ' -

It is evident that the weight of the triangle DCT,
may be confidered as re-united into its center of gra-
vity S, and the defcent of that center, when the tri-
angle {lides 3long the inclined plane, will be that by
which its force agzinft the wall muft be eftimated. If
therefore SR be drawn perpendicular to the fide D C of
the wall ; the whale preflure may be confidered asac-
ing againft that point R. .

Now becaufe the area of the triangle DCT, is e-
qualto :DCXCT; if we call T the a&ion of the
weight in the direétion parallel to the inclined plane
D T; and W the part alting in the direion SR per-
pendicular to DC: we have DT: DC: : 2 DCx
CT: T; byart. 499 of our Elements; and DT:
CT::T: W, by art. 501: and the corapound of
thefe proportions gives D1": DCxCT: ::DCx
CT: W. Confequently the angle CDT being given,
the preflure W will be given likewife.

B2 CORo
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COR. L

Hence if the height DC of the wall becalled 4, DT
unity, and CT=s: then will W=1ssaa, by the laft
proportion ; and becaufe the a&ion along the inclined
plane DT, is retarded by the cohefion of the parts,
and it has been found by experiments that a body
fliding along a fmooth plane, requires one third of its
weight to move it; therefore this expreffion ought to
be diminifhed in the ratio of 3 to 2, inorder to get the
true preflure: Again, the fpecific gravity of ftone is
to that of earthas 3to 2; fothat if we will compare
the weight of the triangle DCT of earth with the
weight of ftone; the expreflion muft be reduced alfo
in that ratio: thatis, the value of W muft be reduced
in the ratio of g to 4, in order to get ;ssaa for the |

true preflure,
COR. IL

Becaufe the line SR, is parallel to the” bafe AD;
DR will exprefs the diftance of thedirection SR of
the preflure againft the wall from the bafe, or the
point fix A, about which the wall muft turn in order
to be overfet; and fince DRis 54, by art. 427. the
produt of the weight 3 ssaa, multiplied by the dif
‘tance % 4, gives 554’ for the momentum of the
earth’s preflure. '

NB. It may be obferved that DT isto CT, as the
radius is to the fine of the angle CDT; and there-
~ fore, s exprefles the fine of that angle, when the radius

is unity. -

P R O-



Set.1. FORTIFICATION.
PROBLEM IL

To find the thicknefs BC above of a flone wall ABCD,
Jo as to refift the preffure of the varth CDT.

Draw BE perpendicular to the bafe AD; andlet the
weights Q, P, be fufpended in the centers of gravity
of the triangle A BE, andthe rectangle E C, and to be
proportional to their areas refpectively. .

Now becaufe the preflure of the earth endeavours to
overifet the wall in the dire&ion SR or D A, whilft the
weights Q, P, retain it in the direction perpendicular
to AD: the fum of the momentums of the weights
Q, P, mutt therefore be equal to the momentum of
the earth’s preflure, in cafe of equilibrio. Hence, if
BCor ED=wx, and AE=174; the letter # exprefl-
ing an indetermined but conftant quantity ; then will
Q=1mnas, P =uax; and as the diftances of the
weights Q, P, dire&ions from the point A, are ;- AE,
AEJ4LED; that is, 3ns, na-}L1x; therefore
snna* will be the momentum of the weight Q, and
maax-%axx, that of the weight P: the fum of
thefe two momentums being made equal to % ss543
the momentum of the earth, and both fides divided by .
4, givesxx -+ 2nax -} 3nnaa = * ssaa; b
adding § ##aa-to both fides, the firft will be a perfe
fquare, whofe root multiplied by g, and the other fide
by 81, isgx-9na=av24 ss4-27nn.

N. B. Mr. Cotes, in his Hydroftatic leQures, page
61, fays that the fpecific gravity of ftone is to that of
bricks as 2.5 to 2 ; thatis, as 5to4. If therefore we
increafe the firft term 24 55, under the radical fign in
the ratio ot 4 to 5, we fhall haveg ¥ }- gna=
4305 s 27nn, for the equation which determines the
thicknefs above of brick walls.

For example, if the bafe of the wall’s flope is one
fifth of its height, andthe (lope of earth makesanangle

B3 , of
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of 45 degrees ; then will # = } ==.,24 ## =, 04, and
.$ s=. 5: whence multiplying 24 by.5 and 27 by .04
end extralting the fquare root of the fum 13,08, we
get 3.6167, from which fubftratting 1.8, and the dif-
ference divided by g, gives ¥ = 20184, orx =14

. nearly in ftone walls. But if 30 be multipled by .35,
and added to 1.08 ; theé fquare root of 16.08, will be
4.009 nearly ; from which fubftraéting 1.8, and di-
viding the difference by g9, we get ¥ =. 2454 nearly in
brick walls. ' )

Of COUNTERFORTS.

1N building walls that are tofupport earth, buttrefies
are made behind them at certain diftances from eacho-
ther, which arenotfeen, asbeing covered withearth; they
are made in view to ftrengthen the wall againft the
preflure of earth, and to fave expences ; for by thismeans
7 there is no occafion to make the walls fo thick as they
otherwife muft be. Thefe buttrefles, are called Counter-
forts, in fortification, and are made of various forms.
Plate I. Fig. 2. Suppofe the trapezium ABCD to
reprefent the fection of a wall without parapet; then
the rectangle D F reprefents the elevation of the Coun-
terfort, which is generally as high or within a foot, as
the wall, and the bafe D Gthe length; and if we con-
fider the plane of the wall ; where KLMN, reprefents
the bafe of the Counterforts, and NP, their diftance
- from each other, which may vary at pleafure. ,
Mr. Vauban made the bafe KLMN of the counter-
forts always broader at the root K N than at the tail
LM, in theconftant proportion of three to two; and
the diftance from the centet of one to that of the next,
18 feet: On the other hand, Mr. Belidor would have
them made the contrary way, that is, narrower at the
root K N than at the tail L M in the fame in verfe pro-
portion of two to three ; becaufe the center of gravity
of the counterfort, being thereby farther from the
‘wall, will fupport a greater weight, than thofe made

by
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by Mr. Vaxban; they are befides not fo eafily deftroyed
by cannon, when the wall is beat down, and fo keep
better up the earth. But as he imagined that the en-
gineers would hardly change an old eftablifhed pratice,
for any other ever fo advantageous ; he computed his
tables according to Mr. Vauban’s profil.

* We, onthe contrary, make the bafe of our counter-’
forts retangular, partly becaufe our engineers make
them fo, and becaufe they are very near as ftrong as
thofe made by Mr. Belider ; they likewife bind better-.
with the wall, and the workmanthip is cheaper and
cafier ; fo that in the mean, they are better than thofe
of any other form. : : .

Inftead of placing the counterforts at the fame di-
ftance, whether the wall is high or low, as Mr. Vauban
does, we make their thicknefs K N to their interval
N P always in the conftant ratio of unity to three,
and their length K L or D G, one fourth of the height
D Cof thewall. From this difpofition of the counters
forts, the profils become fimilar, and their thicknefs
B C above isin a conftant ratio, with the height D C, °
when the flope A B remains the fame ; as will be feen
hereafter; whereby the operations become extremely
ealy. And this rule is agreeable to the preflure of the
- earth, which we have fhewn above to be fimilar in the
fame fort of foil. C

In a wall of ten feet high, the counterforts, according
to Mr. Vauban’s general profil, are 3 feet thick and at
15 feet diftant from each other; and in a wall of 8a
feet, their thicknefs is 10 and diftance but 8 ; and there-
fore his counterforts are too far diftant in low walls and
oo pear in high ones; whereas ours may be placed
farther from or nearer to each other, according as it is
convenient in praltice, provided the proportions men-~
tioned above are obferved. .

It may be obferved, thatthe longer the counterforts
- are the greater force they have to refift the preffure
of the carth ; butwhen theg are made to narrow, they do

4 . not
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not bind fowell with the wall ; for which reafon, I weuld -
make their thicknefs never lefs than half their length.-
For inftance, in a wall of 4o feet high, the length of
the counterforts will be 10 feet, according to the pro-
portion mentioned before : their thicknefs ought, in
my opinion, to be no lefs than 5 feet, and then their
diftances from each other will be 15 feet; but in a
wall of ten feet high, their length willbe two feet fix
inches; and their thicknefs ought to be two feet; then.
their interval will be fix ; whereas if they were made
thinper, they would ftand too clofe to pne another.

PROBLEM IIL

To find the thicknefs above, of flone walls which
- bave counterforts, fo as to refifi the prefure of the
earth. Fig. 2. - o .

Becaufe the length DG of the counterforts is a
fourth part of the height DC; the area D F will be
+aa, and AD4+1DG, thatis, x +na-}-3a, will
be the diftance of its dire¢tion from the point A ; there-
fore + aax 43 na* -1 4°, will be the momentum
of the counterfort : but as there is an interval between
them, and therefore is too much by that interval, or
as but one part in four is taken up by the counte-
forts, this momentum muft be divided by 4 in order to
have J5 g a x 5 na* 4 ;%5 &% for the true mo-
mentum'; which being added to that of the wall found
in the laft preblem, and their fum made equal
to that of theearth, when divided by 1 4, gives, » #
G2nax -t raxtinnaat-inact i aa= 3,
ssaa: if weaddfnnaa — 15 aa to bothfides, the
firft will be a perfet fquare, and the fecond reduced
under the fame denomination, whofe common deno- -
minator is 81 X 64 ; then the firft fide multiplied by its
root 72, gives 72 ¥ 492 na-}-4.5 4= av/1536 55—
60.75-}+-1728 nn for the general equation which deter-
mines the value of # in ftone walls : Butif we incrcal:'e
Lot . . v . - tc
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the firft term 1536 55 under the radical fign, in the ra-
tio of 4 to 5, as has been fhewn in the laft problem
we get 72 ¥ == 72 n48- 4.5 8= a1920 55— 60.75
F1728nn, for the general equation which determines
the value of ¥, in brick walls. - - '

Hence it'is manifeft, that when the fine s, and the
value of # are known, the thicknefs above ¥ of the
wall, will be always expreffed by parts of 4, the height
of the wall ; and from thence, general rules may be
found for all the different flopes that commonly are
given to walls, and for any angle the flope of earth
makes with the vertical line D C, as will appear by the
following examples.

- Let the bafe A E of the flope beone fifth of the
height DC, and CD T an angle of 45 degrees: then
will #=1=.2, and ss=%; thefe values being fub-
ftituted into the firft equation gives 776.37 for the
quantity under the radical fign, whofe fquare root is
27.8634; from which fubtradting the fum 18.9 4,
of the two known terms, and dividing the difference
by 72, we get x==.12454, or ¥ = ya nearly in ftone
walls. S o '

* But if we fubftitute the values of ss5 an #, into the
fecond equation, we get 968.37 for the fum of the
terms under the radical fign, whofe fquare root is z1.
‘1184, from which fubtrating the fum 18.94, of the
two known terms, and 'dividing the difference by 72,
we get x==.1694, in brick walls. ,;
" If the bafe A E of the flope is one fixth, and the
angle C DT, 45degrees: then will s equal %, s s =4
thefe values being fubftituted into the firft equation
~ gives 755.25 for the fum of the terms under the radi-
cal fign, whofe fquare root' is 27.4814, from which
fubtra®ting the fum 16.52 of the two known terms,
and dividing the difference by 72, we get x=.1534,
in ftone walls. o :

But if the fame values of 7 and s s, are fubftituted
into the fecond equation, we get 947.25, whofe fquare

_ : root

-
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yoot is 30.7774, from which fubtralting the fum 16.
?a of the two known terms, and dividing the dif-
erence by 72, ‘gives ¥ == .1984, in brick walls. -
Again fuppofe the angle of the flope D T to be 30
degrees, then wills=.5; and ss=.25: thefe va-
lues being fubflituted into the firft equation, give 384,
for the firft term under the radical fign, and by fubfti-
tuting that value in the fecond equation, we get 480
for that term. : ’
Now if #==.25 we get 392.37 for the fum of the
. terms under the radical fign, whofe {quare root is 14.
808, and hence ¥ = .0134, nearly in {tone walls;-and
in brick walls, we get 488.37 for the quantity under
the radical fign, whofe fquare root is 22.099,and hence
¥ ==.044 a nearly. : : . -
. Becaufe the fum of the fquares of the fine and cofine
. of any angle is equal to the {quare of the radius; if we
~ fubtra& the fquare .25 of the fine of 30 degrees, from
_ the fquare of the radius or unity, we fhall have.y; for
the fquare of the fine of an angle of 60 degrees.

‘Whence, fubftituting this value into the firft equa.
tion, we fhall have 1152 for the firft terin under the
radical fign, and by fubftituting the fame value into the
fecond, we get 1440 for the firlt term under the radi-
cal fign. ,

Now if n=. 2 ; then will 1160.37 be the fum of the
terms under the fign, whofe{quare root is 34.064, and
hence x=. 2114, in ftone walls, and 1448.37, will
be the fum of the terms under the fign, whofe fquare

“root is 38.057: and therefore x= .266¢, in brick
walls. When the {lope of earth D T makes any other
angle, the operations become more tedious ; and in that
cafe the values of s, are to be taken out of the tables of
natural fines; and it will be fufficient to take only the
three firft numbers. ) ,

Butto fave the trouble to pradtical engineers, we
have computed the values of ¥, when the flope is £, %,
+» +3 for both ftone and brick walls; and when the

4 flope

LY
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flope D T of earth makes an angle from 36 to 80 de-
grees for every 5 degroes, which we imagine to be

{ufficient, as may be feen in the following table, where

the fraGtional numbers in the firft horizontal line
exprefs the ratio of the bafe A E of the wall’s flope to
the height of the wall; the firft vertical column fhews
the angles which the flope of earth makes with the ver-
tical line DC : and the other numbers give the ratio of
the thicknefs of the wall; or the values of x, to its
height, which numbers are all decimals.

Example, If the bafe A E of the flope is one fifth
of its height, and the angle CD T, 45 degrees;
then the number oppofite to 45 and under £, is 125,
which being muluplied by the height of the wall,
fuppofe 30 feet, gives 3.750, or 3 feet g inches: fup-
pole the angleCD T, to be 60 degrees, and the bafe
of the flope one fifth; thea the number 211 oppo-
fite to 60 and under §, being multiplied by the
height of the wall 3o feet, gives.6.330 or 6 fect 4 in-

.ches nearly.

N. B. It muft be obferved ence for all, that we
always take the neareft number in all our computa-
tions. Thus if the fourth decimal is-either 5 or above
we always increafe the third by unity ; the fame thing
#s to.be obferved in regard toinches: for in the laft ex-
ample .33, multiplied by 12, gives 3.96 inches, which

is 4 inches ncarly.

GENE-
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GENERAL RULES

For Stone walls. For Brick walls.
Angl v & R B - f"%

|
8o* | 275 30413 6]342] 338 508 | 389 | 406
75 | 2651292 13101332(132713561378] 395
-0 | 250 278

2801 301|217 !311 340|362 | 248
65 |23512621283]599( 290|320 | 342 | 358 |
6o |211]239)2561277) 266|296 |314]333]
55 1191 ]214)235]251 {238 267|288 | 304
50 | 153 1851202 221112050230 | 251 | 271
45 1125/153 11731891169 ' 108 | 219|235
20 0851117 | 1371153139 159| 179 195
15 {052/ 079 ogg!:ml‘ow 116|134 | 152
30 1013[—038 05710721 044071 690 106 |.

As the bafe of the flope is never lefs than one eighth
nor greater than one fifth of the wall’s height; we
thought it needlefs to carry thefe general ryjes any
farther, which however may be done by means of the
two preceeding equations, whenever it is thought ne-
ceflary. ' o o ‘

To find the general rule for any intermediate angle
fay, As 5 degrees is to the difference between the
given angle, and that next to it in the table, fo is the
difference between the numbers in the table oppofite to
theangles next below and above the given angle ; the
fourth term added to the neareft number if above it,
or fubftratted if below, gives the number fought.
Thus the angle being 53 : fubftract it from 55, fub-
fira@ the number 153 of 50 from the number 191,
which gives 38. Then fay, 5: 2::38: 15; and 15
fubftracted from the number oppofite to 55, which is
191 gives 176 for the number fought. Th

c
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The firft and fecond tables have been computed
‘from the general rules, when the flope of earth makes
an angle of: 45 degrees, which is moft commonly the
cafe in a middling foil, and is what Mr. Belidor and
‘others have fuppofed ; fo that if .any error thould have
been committed in thefe tables, they may be corrected
by the laft rules, and if the height of a wall, net ex-
prefled in thefe tables, thould be given, whofe thick-
nefs above being required, it may be found. Thusif
‘the given height be 35 feet, and the flope one fifth;
multiply that height by 125, which gives 4.375 feet
or 4 feetand 4.5 inches for.the thicknefs required ina
ftone wall. -
The thicknefs near the foundation, is found by
adding the bafe of the flope to the thicknels above;
thus when the:bafe of the flope is one fifth,. and the
wall 30 feet heigh, then one fifth of 30 is 6, to which
-add the thicknefs above 3 feet 9 inches, and the fum
9 feet g inches will be the thicknefs required. Itis to
‘be obferved that the length of the counterforts, in thefe
tables, is always one forth of the wall’s height as has
-been mentioned before, and their thicknefs is to their
interval as unity is to 3.

PROBLEM IV.

T find the thicknafs of walls which bave parapets,
according to the thirdprofil. Fig.'3.

- In walls with parapets, the flope'A B of the wall is
always terminated by the cordon B, within-four feet
of the topF, and the upright wall BFHI, never ex-
ceeds three feet in thicknefs; and the part HI, is
always terminated by the line DC produced, when BC

“"does not exceed three feet.

If the upright part I F of the wall was fufficient to
refift the preffure of the éarth, above the line BK
sproduced ; there need be no other tables than thofe

: ‘ 2 already
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" already given ; but as this is not the cafe; the preflure
of the carth above the line BK fhould be computed
as well as the refiftance of the wall IF, inorder to
have the true folution of the problem : But this would
make the work more tedious, than is neceffary in prac-
tice, and therefore we fhall eftimate this force in an
eafier manner, and which anfwers full as well.

Suppofe the wall ABCD to be carried up quite to
the top F, and fo as to be fufficiently ftrong to relift
the preflure of the earth, and from thence the thick-
nefs at BC is to be found ; then | fay, that the ftrength
of the whole wall will be fufficient to refift the preflure
of the earth.

For the earth above the line BC, extends not above
18 feet, that is very little farther than the parapetF N
reaches; and therefore the part I F of the wall will
nearly be fufficient to refift the prefiure of that earthj .
and as BC is more than it thould be, were the earth
no higher than B C, it is plain that the wall thus de-
termined will refift the preflure of the earth more than
is fufficient: befides this agrees perfetly well with
Mr. Vauban’s profil of 3o feet high, that has been
ufed in above 50 places without having ever failed.

. Now becaufe the height BE is to the bafe E A of

the flope as the height BF, or 4 feet, is to the differ~
ence between the thicknefs at B and thatat F ; that is,
as AEis=#ng, BE=u4; wehavea:na::4:4 5=
to the difference required, which therefore being added
to the thicknefs at F, found in the preceding tables, .
anf{wering to the height E F, gives the thicknefs B C
required.

'GENERAL RULES. .

If the bafe A E is one fifth of the beight B E; then
4n becomes .8 or 9.6 inches, which isto be added to the
thicknefs in the fecond Coluin.

x> - ah on
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If A E is one fixth of B E, than will 4 n become % or
8 inches, which is to be added to the thicknefs in the
Sourtb colsmn. ' T

If AE is one fevemtd of BE 5 then will 4 n become
% or 7 inches nearly, which is to be added to the thicknefs
in the fixth column. _

Lafily, ¥ AE isone eightbof BE; than 4 n becomes
&, or 6 duches s which is to0 be added to the thicknefs in the
eighth column.

.By thefe general rules the third and fourth tables
have been conftructed, the lengths of the counterforts
in the tenth column, are the fourth part of the total
height; though they are never carried higher than the
cordon : But it muft be obferved, that the numbers in
the firft column, exprefs the heights, from the founda-
tions ta the cordon B only ; becaufe the height BF,"
of the upright part is always 4 feet in all walls what-
foever, that have parapets, ‘

To fhew. by a few examples how the preceding ge-
neral rules are applied; we fhall fuppofe the height
EB of aftone wall to be 30 feet, and the bafe AE
enc fifth of that height : then adding 4 feet to 30 we
get 34 feet for the total height E F;- and the thickaefs
found in the fecond column of the firft table, anfwer-
ting to 34 feet, being 4 feet 3 inchesy to which adding
9.6 inches by the rit rule, gives 5 feet and .6 of an
inch, for the thicknefs required. Mr. Vauben makes
this thicknefs 5 fect ; fo thatours does not exceed his
but by half an inch nearly.

If a ftone wall is 24 feet high, and the bafe of the
flope on fixth; then 4 'feet added to 24 gives 28 feer;
and the thinknefs anfweving to this height in the fourth
column of the firlt table is 3 feet 6 inckes 3 by adding
8 inches according to the fecond rule; then the fum

© 4 feet 2 inches will be the thicknefs at B C required.

Thus we have given tables not for ftone walls only,
but likewife when they are built with brick ; and their

con-
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conftructions are deduced from the morft fimple pfin-
ciples, and at the fame time the moft general that

. could have been thought of, and thofe general rules
we have given for the different angles the flope of
carth makes, are of excellent ufe in practice ; for itis
eafily perceived, that when the foil is of a ftrong nature,
fuch as loam or clay, a great deal of mafonry may be
faved, and when the foil is fandy, how to proceed with
method and fafety, which cannot be done without them,
or by guefs only.

PROBLEM V.

To find the thicknefs above, of a fone wall which
Jupports a parapet of earth above it, according
to the fourth profil. Fig. 4.

. We fhall for conveniency fake, fuppofe the flope -
CG of earth to be parallel to D H, that which the
earth forms ; though this is not always the cafe in

. practice, yet the difference arifing from thence is in-

- confiderable. ;

Let the vertical line D C produced, meet the hori-

- zontalone GH inF; if DC =4, DF =&, andthe
reft as before ; then if from the momentum of the
triangle D F H, which has been found in Cor. 2. after °
the firft problem to be ;*; s s 4*, we fubtract the mo-
mentum of the triangle C F G, we fhall have the mo-

.nentum of the earth. ' ,

Now as CF = b — a3 the preflure’of that triangle
will be 3 X s s X 4— 4%, by Cor. 1. after the firft pro-
blem ; and fince the diftance of the line of direétion
drawn from the center of gravity of this triangle per-
pendicular to DF, from the point fix A, is D C4-

}CF,ora+ 25

; and the produc of this diftance multi-

plied by the weight, gives ;% ssX26°—3abb4-a
for the momentum of that triangle ; which therefore

* being fubtracted from %5 5 &%, gives ,% s s X345 b-I:I-m.
‘ ) ow
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5¢@. 2. FORTIFICATION. . iy
Now becaufe'the momentums of the wall and couns -
terfort are the fame here .as in the third preblem, if we
divide the momentum of earth by ¢, and muliiply
by 3 X 64, we get 768 55X 3 b b — a & which being.
fubftituted mﬁead of the firft term under the radical
fin in the equation of that problem we get 72 x 4.

72#a+4.50=W76855X3bb—aa—0o.75aa-
17:8nnaug, for the equation which -determines thef
unknown quantity » in this caé. -

When F-C becomes == o, that is whén thére is no
parapét of earth above the wall; then will 2 = 4, and.
the Jaft equation becomes the fame as that m the third’
problem, -

If the bafe A E of thé ﬂope is one fifth of the height
EB; and ‘the angle CDH 45 degrecs ; then wxll,
7= .2 andsy = .5 : and the equation at above bécomes
52 x4-18.9'22= /1152 85— 375.63 4 a, in thi§ cafe;”
but if the bafe A E be one fixth of the height B E; and
the angle C D H, the fame as before, we get 72 ¥ 4
165a-—~/u52bb—39675aa ’

- By means of thefe two laft equations, the fifth and
fixth tables have been conftructed; which- contain the’
ratio’s between the height of walls and their thicknefs
above : they fhall be explained by a few examples.

Let the height of a ftone wall be to that of ‘the earth
above it as 3 to 23 then becaufe3:2::i4:%+a =
CF, we get a-+-3a=35=14; whofe fquare being’
multiplied by 1152 gives 3200; from which fub~
tralting 375.63, and extra&xng the fquare:root of the
difference, we get 53.144, from which fubtra&mg
18.9 and dxvxdmg by 72, gives = 476 a nearly, in
the firft cafe.
~ Butif we fubtra& 396.75 fmm 3200, and extra&:
the fquare root of the difference, we fhall have 52.945 ;'
from which 16.5 being fubtratted, and the difference
divided by 72, gives ¥==.5064 nearl), in the fecond

cafe.
c C : ' It




TR A R T

18 PRACTICAL Sect. 2.

If the height of the wall is to that of the earth above
it, as 4 to 3 ; then will 5 = } 4 ; this value being fub-
ftituted into 1152 & 4, gives 3528, from which taking
375.64, and extracting the fquare root of the remaind-
er, we get 56.145; iIf we take 18.9 from this and
divide the remainder by 72, we fhall have ¥ =.517 ¢
nearly, in the firft cafe.

But if we fubtra& 396.75 from 3528 and extract
the fciyare root of the difference, we get 55.975; from
this fubtralting 16.5 and dividing by 72, we fhall
have ¥ = .548 g nearly, in the fecond cafe.

If the walls are built of brick, then by what has
been faid at the end of the fecond problem, we have-
no more to do than to increafe the firft term under the
radical fign, in the ratio of 4 to 5; then the general

uation above, becomes that for brick walls. Whence,
if the bafe AE of the flope is one fifth of the height
BE, and the angle CD H, 45 degrees; ‘then will
B=.2,ss=.5;and 72x-}- 18.9a=w 144006 —
471.68 a g, will be the equation in this cafe: and if
that bafe be one fixth of the height BE, and the angle
CDH, the fame as before, we have s =%, 5ss =.5:
and therefore 72 x-}- 16.56 = 14405 b —492.7584
will be the equation.

Let the height of the wall be to that of the earth
above itas 5to 2; then will 4= }a, whole {quare
multiplied by 1440 gives 2822.4, from which fub-
trading 471.63, and the fquare root being extraded,
gives 48.484, and taking 18.9 from this, the remaind-
:rardividcd by 72 gives x = .411 4, nearly in the firft

e.

But if we fubtract 492.75 from 2822.4 and extratt
the fquare root of the difference, we get 48.266 and .
16.5 being taken fromit; the difference divided by 72
gives ¥ = .441 4, nearly in the fecond cafe. ’

4 .

 Explanation
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Explanation of the following TABLES.

The fifth and fixth, contain the ratio’s between the
heights of ftone walls and their thicknefs above, when
there isa parapet of earth above them ; the bafe of the
flope being one fifth and one fixth of the height of the
wall; and the flope of earth makes an angle of 45 de-
grees ; the ratio’s between the height of the wall to
that of the earth above it, are marked in the firft
horizontal line and column: the length of the coun-’
terforts being one fourth of the walls height, and their
thicknefs is to the interval between them, as unity to
3, that is the Tame as before : The feventh and eighth
tgtbl}:‘s contain the fame ratio’s when the walls are of

rick.

Their ufes are as follows : when the height of the
wall is given, as well as that of the earth aboveit, re-
duce theratio to its loweft term; look in the firft
column for the antecedent, which is always fup-
pofed to exprefs the height of the wall, and for the
confequent in the firft herizontal line, then the num-
ber oppofite to the firft, and under the fecond, ex-
‘prefles the ratio between the height of the wall to its
thicknefs above. This number being multiplied by
the height of the wall, and the three laft figures taken
as decimals, gives the thicknefs required.

Example, Let the height of a ftone wall, whofe
flope is one fifth, be 20 feet, and that of the earth
above it 12: then becaufe 20ist0 12 as 5 isto 33
look in the firft column of the fifth table for 5, ard
in the horizontal line for 3: then the number 442
oppofite to the firft, and under the fecond, being mul-
tiplied by 20, the height of the wall, gives 8.84 or 8
feet 10 inches nearly for its thicknefs above.

If the height of a ftone wall, whofe flope is one fifth,
be 13 fect, and that of the earth above it 6: then in
the fame table, the number 371 oppofite to 13 and
uader 6, multiplied by 13, the height of the wall,

C 2 gives
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gives 4.823 or 4 feet g inches nearly for the thicknefs
above. e
But if the flope is one fixth, look into the fixth
table oppofite to 13 and under 6, and you will find
403, which being multiplied by 13, gives 5.239 or 5
“feet 3 inches nearly.  'We have not inferted the thick-
"nefs of the walls near the foundation; becaufe they
may be found by adding the bafe of the flope to the
thicknefs above. ‘
- N. B. Thofe fquares which are marked with a point
only, are oppofite to fuch ratio’s as have been deter-

mined before, and therefore it would have been need- .

‘lefs to repeat them. Thus the ratio of 2 and 2, of g
and 3, of 6and 6, &c. is the fame as that of unity to
unity ; and it is the fame in refpedt to all other equal
ratio’s. . ) S
PROBLEM VL '
To find the thicknefs absve BC of awall when the
counterforts bave a fiope as F G. Fig, s.

Draw F L perpendicular to the bafe AG; then if,
for conveniency fake, we fuppofe CF to be one eighth,
and the bafe D G three cighths of the height D C; the
area of the reftangle D C, will be 3 44, that of the
triangle L G F, will alfo be one eighth of 44 ; and be-
caufe the diftances of the lines drawn through the cen-
ters of gravity, of the reftangle D F, and of the tri;

~ angle F LD, perpendicular to the bafe DG, from the

pomnt fix A, are AD 4+ DL, AL+ 7 LG; that

is, ¥} na 4 ¥+ a3 x +-n a4 .% a; and therefore their -

fum, multiplied by ; 4 4, and the product reduced in the
ratio of 4 to unity, as has been fhewn in the third pro-
blem, gives a4 a x4 e na’ -+ 335 4% for the mo-
mentum of the counterforts, which being added to that
of the wall found in the fecond problem, and the fum
made equal to that of the earth; after having multiplied

by % @, and the fecond fide reduced under the fame de- .

nomination, and the root of the firft multiplied by
the root of the common denominator 81 X 64, we get
72

‘—"x:é‘_‘-'——..
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"Storne Walls

. :Table V.Containing' é¢e Proportions
: %e/ww(zxt/ﬁ& Hei g'ht ;
- and %Mp/”,(/w Earth above them .
(e Bave of the Stopeilbeongs of f hecghts

ols7 12 |3|4|s5|6]|7]|8]|9]70

7 |641\11251604{2079]2553|3026]3499|3971 [4443 49/.5J
2 lagrs| - &35 1365 18 42 23/6|| -
3 |305|476 So4|965 1285|1445 1702
4 |26/ 517 763 1005 r246| .-
S |238|340|442|542 739|836 | 933 |r029

6 217 559 723 :
[ 7 |205|280|354|427|498|570 711 | 781850
8 |794 327 454 579 702
Fg 186|247 363|420 532|587 695
Ir/0 17180 287 . 4971 59/ '
77 |773| 226|273 (327|368 414|460|506|551 ||596
/12 171 349 433’ . ‘
13168201 | 251|292\ 332|371 | 417 |449|488|527
/4 165 242 318 39/ 463 '
/5 |162|199 270 374|408

16 Vi60) . |226 294 . |359| . |423

77 1158190 | 222 (254|285 (316 |346|376| 406|436
18,56 276| . |334| -
719154183 2/2)|240|268|296|323 351|377 |l405
20 152 208 . . . 374 366 ‘
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- Aelrvrcen the Helght

LA 20

Jtvrne Walls

and that of” the Earth abovethene -
theBase ‘q" the St lope ée’w'gy %' 0/(%6/&’@/;&;

o712 |38|4|s5|6}71| 8|9l
7 672 |1/57 |1636)| 2112 |2586|3060|3532\4004\4477)14949
-2 |422| . |947 397 1874 . |2349| -
3 |335|s06| - |835|997| - |s3r7|77| - |20d]
4 297 548 796 1037\ . 277 -
b5 |264|370 472|574\ - |779|668|965 |r06/
6 |246 59| - |756
7 |233|3/01384|458|680|604| . |742|8/2|882
8 [223] - |357 485| . |60 734] -
9 216|276 393450 562(617 726
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TableVIT.C mmmmo' the Proporaons v
Cetwien the Heig ht of Breck Walls:
and that of' e Edr th above thern >
the Base of e Slope beeng 5 Wp/t/wiar//z/
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7254 72na4-4.58=a1536 55— 67.5F 1728 nm,
for the equation required, which differs from that
found in the-third problem, by the term 67.5, which
there is 60.75. L ’ e

Hence, if #:=.2,and s s=.5 thefe values multipli-
ed by their coefficients, gives 769.62, for the fum. of
the terms under the radical fign, whofe fquare root is
27.742, from which fubtracting the fum 18.9 of the

+ two known terms, and the difference divided by 723

gives x =.1228 2, which is lefs than that found in
the third problem; but not fo much as is worth
taking notice of : fince in a wall of 30 feet high, the
difference is only .5 of an inch :confequently either
of thefe counterforts may be ufed according to the
builder’s fancy. T o
* Sometimes counterforts may be. made with fteps, .
which may be done by making them fo as that the
bafe and the area be the fame, without changing its
momentum. - : : o
Fig. 6. Sometimes the fection of walls are made paral-
lelograms without any counterforts, efpecially when
they are low : fuch as ABCD : To find their thicknefs
ADorBC; draw the diagonal A C, and through the
middle L, and the point C, the lines LK, C E per-
pendicular to the bafe AD produced; and let AD=x,
DE =14, and CE = ¢; then will 4 » exprefs the
area of the parallelogram DB ; and fince the point L
is the center of gravity of the parallelogram; A K will
be the diftance of the line of direction from the point
A ; but becaufe AL is half of A C, the diitance A K,
will be - x -} # 4, half thediftance AE. Therefore
the area g » multiplied by the diftance AK, gives
taxx-+ Y aanax, for its momentum, and fo cqual
to ,* ssa® that of the earth by the firft problemj
which being divided by £ 4, and L #7442, added to
both fides: the firft will be. a perfect fquare .whofe
rootis 18 ¥ -} 9 # a =4 4/90 s s - 81 & 1, after having
reduced the fecond fide under the fame depomination;
C3 \ and
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and multiplied the root of the firft by the root of the
denominator 324, of the fecond.
. If the firft term g6 s s under the radical fign be in-
creafed in the ratio of 4 to 5, we fhall have 18 x -}~
9 ma==a+/120 554 81 #nin walls built with brick.
Hence if #.=.2, and ss = .5 ; we fhall get x = .314
nearly in flone walls, and ¥ = .3554, in brick walls.
Hence it may be eafily known whether thefe kinds
of walls require more mafonry, than thofe in the firft
figure without counterforts : for we have found in the
fecond problem, when # and ss expreffed the fame
- walues as here, that ¥ = .2018 4, and therefore the

area of that profil, will come outto be .301844; and

the area of the parallelogram DB, is .21 z4: there.
fore the difference .0082 2 4, fhews that this laft figure
requires more than the former; tho’ not much in low
walls.
Before we conclude this fection, we fhall add one
eneral problem more, in order.to fhew that it would
l%ave been eafy to reduce almoft every thing into a few
problems, were it not neceffary to menage the learners
capacity, and to lead him gradually from the maf}
fimple and eafy truths, to others mere complex.

PROBLEWM VIL

.Let the prefil of @ flone wall be a parallelgram as
DR, and the counterforts a trapezium DCF H,
oxtward flope ¥ H beirig equal to CD that

wbofe
¢f the wall, to find the thicknefs of the wall when -

there is a parapet of earth gbove it. Fig. 7.

If, for conveniency fake, CF be one tenth of the
height CE ; and the reft the fame as before ; then
will DH = 283 -4 ;a; which being added -to
CF, 1% 4, and the fum multiplied by half the height
CE, gives # 4 a -} v 4 a for the area of the trapezium,
which being multiplied by AD -~ 1 D H, that is x -

® . ; ’ x4
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84 -} ;%5 a, and the produ¢t reduced in the ratio of 4
to unity, gives s sax}4tnna’ -t Fnd'd risa’
for its momentum ; which being added to taa x

%+ naax that of the wall found above, and the fum
made equal to ;% 55X 3 @ & &—a°* that of earth, found
in the fifth problem ; the whole being divided by % o,
and Y5 #8686 — % aa— 3% aa, added 1o both
fides, the firft will be a perfe@ {quare, and the fecond,
being reduced under the fame denomination, gives

362t 27na4.9a=W19255X3bb—aa-
81 nnaa — 48.058na —2.43 a a, after having mul-
tiplied the firft fide by 36 the root of the common de-~
nominator 1296 of the fecond.

When the wall is made of brick, there need no
more than to increafe the coefficient 192, of the firft
term under the radical fign, in the ratio of 4 to 5,
which gives 240 for that coefficient in this cafe ; the
other terms will remain the fame as before.

‘When there is no parapet of earth above the wall,

then will 5 =4 ; and the firft term under the radical
fign becomes 384 55 a 4. and the reft will remain as
before. "

When #==.2,and ss==.5; thenwill 36 ¥} 6.3 e =
¥288 55— 104.91 Ga, in ftone walls : but if n =,
and ss = .5; then will 36 x4 5.4 s =288 55 —
98.97 aa. .

And if = a; that s, if there is no parapet of earth
above the wall, we fhall have » =.202 4, in the firft
cafe, and ¥ = .232 4, in the fecond. But if the
height of the wall is to that of the earth above it,
as 4 to 3, then will 5 = 7 4; the fquare of which

‘being fubftituted into the twoequations, gives 88244,

for the firft term under the radical fign, and the {quare
root being extra&ed, we fhall find that x = .64

nearly in the firlt cafe, and ¥ =.627 4, in the fecond.
Hence it is very eafy to compare the quantity of
mafonry, contained in walls, whofe profil is a paralle-
: C4 longram

\
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looram as in this figure, and the counterforts a tra-
peziumj and thofe “whofe profil is a trapezium, and

“the counterforts rectangles, as in rhe fecond profil : for
“the area of the profil in the fecond figure, with that of

the counterfort reduced, is found to be 287 aa, whcn
n=1, and 299 22, when n =

- And the aera of the profil and countcrfort, accordmg
to the feventh figure, is found to be .277 24 when
#="1; and 298 aa, when n =%,

- Therefore the profil in the form of a parallelogram,

, requircs lefs malonry than that whofe figure is a tra-

peziumy; and the difference is greater when n = 7,
than when # = +; but when # is one feventh or eighth,
the trapezium figure has the advantage, as will be

“found by computation.

Thus we have fhewn how to find the- thxcknefs of
walls, fuch as fhall refift the preflure of the earth, of
all the different profils, that may be uled; and it “will
eafily appear, that our method is both more general,
and much eafier than that given by other authors ; the

. many genera] rules given here before, and their - eafy

application to practice, are convincing proofs of it;

. befides no author has attempted before to give tables

for ramparts with demi-revetements; though they are

~“much more ufeful than any other, on account, that
the moft expericnced engineers, fcarcely build any
~ others now-a-day, and that for very good reafons; be-

caufe it faves great expences, befides they ‘are not fo
ealily deﬁroycu by battcring pieces, and, when a breach
is made, are foon repalred

" It may perhaps be fiid, that we havc reduced the
counterforts to certain figures which are eafily com-
puted and therefore our folutions are not fo general
as is pretended: But if the reader be pleafed to confi-
der that the length given here agrees very nearly with
that given by Mr. Vauban, and ‘the re¢taugular form
has been fhewn to be more advantageous, than that of
z trapezmm, befides it is oenerally ufed here: As'to

thoff; '
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thofe whofe profil is a trapezium, fuch as in the fifth
and fixth figures ; regard has been had to fuch dimen-
fions as are molt ufeful in prattice, and fuch as are
of a due proportion in refpect to ‘the walls which they
are to ftrengthen. = - .= : , ’

- sECT I ,
'The Turory of ARCHES.

N fortreffes it is abfolutely neceffary to build vaults
and arches, fuch as over gate-ways, under-ground
paffages, from the body of the place to the ditch,
powder-magazines, cazemats, and, lodgings for the
fick and wounded, and for thofe which are not on
duty, to'reft in with fafety. o \
It is of no little importance, in the building of a
fortrefs, to know exaitly, and with certainty, what
thicknefs piers that fupport arches of various magni-
tudes, require in different circumftances, 1o as to make
the work durable, and to ufe no more materials than jt
requires. The making powder-magazines, foas tore-
fitt the fhells thrown upon them in a fiege, requires
the utmoft fkill of an engineer, and has not hitherto
been rightly determined by any body I know of. The
engineers generally follow the dimenfions of thofe cop-
ftruéted by Mr. Vauban, which indeed have fo well
fucceeded, that it feems to be unneceflary to attempt
any other rules to go by; were it not required, in
many cafes, to make archesof different width, figure,
higher and lower; and therefore, it will be proper o
lay down general rules, which fhall anfwer all thefe
various circumftances. - B
Itisene of the moft difficult problems in mechanics,
to find the momentum or force with which different
kinds of arches act again(t the piers that fupport them 3
and though many great mathematicians have endear-

nd the voured
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voured to folve it, efpecially the gentlemen of the royal
Academy of Sciences at Paris, and Mr. Belidor in his
book called La feicnce des Ingeniewrs ; yet, if I am not
miftaken, ncither of them has fucceeded; for whoever
reads their performances will be more convinced of the
difficulties that attend it, than of the truth of their folu-
tions ; and it is eafily perceived that fome of them are
miftaken, and have perplexed themfelves with tedious
algebraic expreffions, which when applied to eafy prac-
tical cafes arc impoflible, which fhews that their com-
putations are built upon erroneous principles.

It is true, Mr. Belidor has better fucceeded in his
principles than many others; yet his applications - are
not free from objettions, as will appear hereafter, and
which is the reafon that the thicknefs of the piers
he affigns are fo much lefs than they fhould be.

It feems to be a difficult matter to determine this
problem exactly, on account of the fuppofitions which
are neceflarily to be made in regard to the cement that

_is ufed in the joints, in order to keep the arch-flones

ether. :

Thofe who go upon the refined fuppofition that the
joints are quite fmooth and polithed, without any mor-
tar, are greatly miftaken; for befides that no fuch

“thing fubfifts in pra&ice, their folutions, when applied

to practical examples, give nothing but impoffibilities,
as any one may be convinced who reads them with
attention.

In the enufuing work, we fhall fuppofe, with Mr. Beis-
dor, that the arch-ftones are laid in mortar, and fo ce-
mented together as to prevent their fliding upon one

" - another; but not {o hard as to compofe as it were one

folid ftone, hecaufe this would be a plain contradi&ion,
fince it could not aét upon the Fiers in an oblique:
manner; but the mortar being of fuch a confiftence
only, that if the piers were not fufficiently ftrong, the
arch would break in the weakeft part, and thercby
everturn the piers, This fuppofition is the moft natugafl

' thag
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 that can be made, and has been found truein pra&ice ;
for feveral arches have fallen. down, for want of fuffi-
cient ftrength in the piers to refift their preflure ; be-

fides mortar requires fome time to harden, which be- -

ing once effe®ed, no accidents happen afterwards.

PROBLEM L

To find the preffure of an arch agaity‘i the piers

that fupport it. Plate 1I. Figure I.

Let AEFG be the fe&ion of half the arch, ABCD
that of the pier which fupports it; the point C taken
near the foundation, may be confidered as fixed, and
about which the pier muft turn to be overfet; MN,
one of the arch-ftones; O the center where all the
joints meet when produced; and laftly, let A S be the
line which terminates the fpring of the arch.

From the center of gravity X of the ftone M N,
draw the vertical X T, and the perpendicular X Q to
the joint O M; and from any'point ¢ in X T, draw
a b perpendicular to X Q_and 4d to X T: then
the weight of the ftone M N is to its effe@ in the di-
reftion X as 0 X is to 4 X, and to that in the direc-
tion ¢4, asaX is to @ 4: as this laft effett is deftroyed
by the friction of the ftones together with the mortar,
the firft 5 X is only to be confidered. But the force
é X 13 equivalent to the forces 4 d, d X, the firft per-
Eendicu]ar, and the fecond parallel to the diretion

V in which the pier refifts, by art 445 of our elem.
and as this laft is deftroyed by the contrary altion of
éhe other half arch, the firft 54 is only to be confi-

ered. ‘

If from the point fixed C, the line CQ_be drawn,

perpendicular to the direction X Q, and X Q_inter-.

fefts CV in Ry then as the angles CRQ, 4 X 4,
are equal, the right angled triangles CR Q, 4 X4,
o CL T ’ - are

E
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are fimilar; therefore CR: CQ::bX: &4, or '
CRx6d=CQxsX. B
. Since then the momentum (att 422) C Qxb X,

' of the force 4 X is equal to the product of the force

4 d, multiplied by the diftance CR,. and what has been
proved of one arch-ftone, is equal]y true of any other ;
by the property of the eenter of gravity (cart. 422)
‘the momentum of half the arch againit the pier, is
equal to the product of its weight applied to its cen-
ter of gravity, multiplied by the refpective diftance
CR, from the point C to its direttion X R.

If therefore, the point L be the center of gravity
of AEF G half the arch, and L I, 'drawn perpen-
dicular to O M, interfets O D in H and meets CV,
in I: the produét of the fum of all the weights in
the direGtion 4 d multiplied by the diftance C I, will

exprefs the total momentum of the preﬁ'ure of thearch
"againft the pier,

COR. L

Hence if LK be perpendicular to A O, and s de-
notes the fine of the angle L OK, 7 its cofine, the
radius being unity ; and if » expiefles the weight of
half the arch ; the right angled fimilar triangles
LKO Xbd, give 1:r::4aX:6X =rpn and
1:5::0X:bd=rsn: this value of b d, being
wrote into CRx 44, and C I for CR, givesr s nxX
C 1 for the momentum of the preflure againft the
pier; and if W expreﬁ”ea the weight of the pier, we
have rs s XCIl =1+ BCxW, in a ftate of reft ;
by art. 427. .

COR. IL

‘When the arch is femi-circular, then r = s = J/%,
and when it is eiliptical or an arc of a circle, the
height O K is feldom lefs than the two thirds of half -
the width A S; and in this cafe s is to r as 2 to 3,
and the radius #/4 -9 =#/13; whencer s = T? =

%"7
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i+ — 15 which differs fo little from that in a femi-
“circle; by fuppofing r s = 1, the difference will fcarce-
ly be fenfible inprattice : and if # exprefles half the
‘area AE F G; the equation in the lat corollary, be-
comes 2 XCI=BCXW. e

C OR. IIL

_If the friction of the ftones be confidered, let ¢ ex-
“prefs the weight which would juft move a ftone lying
upon another placed horizontally : then becaufe that
-weight or force is to its effeft in any other direGtion
‘OM, as the radius is to the fine s of the angle
L OK (art. 499,) that is, s ¢ will exprefs that effect;
and the radius is to the cofine 7 as the effet in the di-
reCtion O M is to rsg the effect in the horizontal di-
reCtion 4 d, which being fubtratted from the force
7 5 n_in that direction' found above, gives r sx7 —gq
XCI=+BCxW: or becaufe it has been found
by experiment, that a force equal to one third of
the weight, will move a body in a horizontal directi-
on upon a fmooth plane: the force g will therefore
at leaft be equal to one third of the weight # : hence
2rsnaXCI=1tBCXW, or when rs =1, and »
exprefies one third of the area AEFG, weget22x
CI=BCx W, as before. :

REMARK L

. As the furfaces of the arch-ftones are generally very
rough, and befides the mortar renders them lefs liable
to flide upon one another, than they would do without
it; the momentum we have here given, ismore than
what arifes barely from the weights of the arch ftones;
and even more than when the weight 7 is diminifhed
by one third, on account of the friction as in the laft
corollary ; but as arches under ground fupporta weight
of carth, befides its own, and thofe above ground,
: ought
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ought torefift the force of thells, we fhall not diminith
~ that momentum hereafter in our computation ; leavin

to the engineers to make it lefs whenever they. fhall
think it neceffary ; which they may do, by fuppofing
n to exprefs any part of the arra AEFG; in the
following equations.

REMARK IL

As the angle A O L increafes, fo the perpendicular
Q.C or the momentum of the arch increafes, till that
~ angle becomes a right one; then C Q_becomes equal

to the line CV, terminated by the horizontal line,-
pafling through the middle of the upper joint E F,
and therefore C V is the greateft diftance C Q_of all
the C Q’s; and whea X Q_pafles through the point
fix C; then C Q_ becomes nothing; and when the
direGtion X Q_paffes between the points B, C, it be-
comes negative, and the greatett when equal toD G
- £ A G, and the part of the arch from the point
- where C Q_= o to the fpring A D, inftead of alting
- againft the pier, add ftrength to it, but as the above
property of the center of gravity is general, whether
a part is negative or not; we have no occafion to con-
fider the negative part feparately.

PROBLEM IL
To find the thicknefs of the piers BC, when the arch
is terminated by two concentric circles deferibed
Jrom center O placed in the line A S, which pajfes
througb the [pring of the arch.

Letthe radius O A of theinterior circle be 4, that O G
of the exterior 4, the height of the pier AB=¢, its
thicknefs fought BC = z, and the perpendicular L, K
== m ; thenas therightangled triangles OH L, H D,
are ifofceles, we have OH=2m, DH or DI = a4
Z—2m, andCl=¢ —s—2 4 2m, orif £=c}2m

- _ —3,

A\
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—a, Cl=g — z; and as W=rz; thefe values wrote
into 2 # X CI =BC xW. found in Cor. 2, give
‘ang = 2 #Z==(Z% OF (22}~ 2 #Z = 21g, whofe fquare
root is ¢ 2} #=v2cng J-nn. ) ,
By means of this equation the thicknefs of the
. pier may be found ; but before it can be applied, the
values of #and m muft be determined. Let therefore
unity be tor as the diameter to its circumference;
then 4 rg® 4r¥*, will exprefs the areas of the quad-
rants by art. 175; and 4% ==rb) —raa. The femi-
fpheres defcribed by thefe quadrants about the axis
O A, are(art. 216) 2rg’, 3rb* and their difference will
be the folid defcribed by the area of the arch abouc
the fame axis, which folid is alfo equal to the produ@
of the generating plane #-and the circumference 2rm
defcribed by the centerof gravity L (art. 425). Hence
2AM="3 1D’ == 37a%, Or 3am= b*—4&’, when reduced ;
and this equation divided by 4r=rbi—ras, gives

‘ b
%rm:—_a-j—a—_l:z-.
EXAMPLE.

Leta=12, b=c=15;then becaufe r= 3.14159,
(art. 252) we getn=%7 X bd—aa = 63.6171 or

jn=31.808%, a—|—;-_‘-_-;=20§, and hence m = 8.629,

g=c¢}-2m—a=20.258; whichgives2 cg }-n=
639.548, this multiplied by 31.8c8%, gives 20343.
062558 for the fum of the terms under the radical
fign, whofe fquare root is 142.629; from which
fubtracting the known term 31.808 and dividing the
difference by the coefficient (¢) 15 gives 2= 7.388, or
B C equal to 7 feet and 4 inches. :

If we take 21.2056, one third of the value », on
account of friGion, then 2 ¢g-}-w= 628.9456, which
multiplied by 21.2056, gives 13337.168815 for the
fumof the terms under the radical ign, whote fquare

- root
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foot is 115.866; from which fubtraling the knowii
term 21. 2056, and dividing the difference by the
¢oefficient 15 gives 2 = 6.285, or B C equal to 6 feet
3 inches. : '

PROBLEM IIL

To find the thicknefi B C of the piers, when the
outfide G ¥ is a right line perpendicular to the
radius O M wbich bifecls ths quadrant O A E.
Fig. 2. :

- It is evident that the triangles O LD, H DI, are the
fame here as in the firft figure, and therefore this
problem differs from the former .only in the values
of nand m: whence if O M = 5, and the reft as be-
fore ; then becaufe the right angled triangle GO F
is ifofceles, we have G F =2 2, and fo 4 4 exprefles
the area of that triangle, and as L r 4 a exprefles the
quadrant O AE, wehaven=10446—%raa.

Becaufe O F = 5 ¥ 2, the cone defcribed by the
triangle O F G, about the axis O F, will be exprefled
by 3ré ~"2, and the femi-fphere being 2 7 4*, by the
laft problem ; and fince unityis to 27, as the radius
K L or OK (m) is to the circumfcrence 2 rm def-
cribed by the center of gravity L. in the rotation, we
have 3 nm =5° v —a*, by what has been faid be-
fore, after multiplying by 3 and dividing by 2r: con<
fequentlyg =¢--2m—a,and c zJ-n = V2 cgn -t un
as before.

EXAMPLE

Leta=— 12,5, b == 15.5, ¢ == 15 then will » ==
117.5387, m=9.3988, g = 21.2976, and if we take
58.7694 half the value of #, we get 2¢ g4 n =

697.6974, which multiplied by 58.7694 gives

41003.257579, for the fum of the terms under.the
o 5 S radical
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radical fign, whefe fquare root is 202.492, from which
taking the known term 58.769 and dividing the diffe-
rence by the coefficient 15 gives 2 =9.58, or BC
equal to.g feet 7inches,.” " o T

But if we take 39.1796, orie third only, ‘on account
of the frittion, we then get 2¢¢ -} = 678.10%6;
this multiplied.by 39.1796, gives 26567.984525 for
the fum -of the terms under the radical fign, whofe
fquare root is 162.996, from which - taking the
Znown term 39.179 and:dividing the difference by the
coefficient 15 gives 2 = 8.254, or B.C equal to 8
feet 3 inches, Wl e

TREMARK. -~

-1- All arches require a certain thicknefs at the" hinches
.M to fupport their own weight,.and in powder maga-
‘zines, to refift the thock of hells befides,” but how-te
:determine it! exactly is not .eaflily done ==It is5- true,

.that Mr. Vanban, makes it -3 feet in an arch of 25

feet wide, and-as his powder .magazines: have. been
found ftrong enough by all  accounts;ithere is no

-peafon- to doubt; but that: this thicknefs: is fuffici-
-ent for arches of that width: Andif* we confider that
-the force, which a timber fcantling fupports, is as
-the fquare of its. height divided by the leaver of the

force applied ; as will be:fhewn .in the next fe@ion
prob. I+ Then as the height of the fcantling; is re-
prefented here 'by ! the thicknefs. of the arch and the
leaver by the radius of the arch : the radius 15.5 feet

- is o any other radius as the fquare g of the thicknefs

3, is. to the fquare of the thicknefs fought.. Hence
this rule ; multiply the radsus.of any arch by 9y and divide
the producl by 12.5; then the fquare roor of the gustiens

“will be the thicknefs of thas arch. L

L S ol b
, D . PR O-
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PROBLEM: IV. '

To find the Zb;ckne 5B C of the piers whentbe irgﬁd;
1'sﬁ;: right line parallel to the outfide. '

The fame thing being foppofed as in the lalt, we
fhall haven = b b —aa, 3nm="F —a XA 20r

%:a-]—;é-%, g=c}2me—a; andcz4-nzx
J\/zcgn#.nn. ‘ ) S

EXAMPLE.

; bL;Gaz 12.5, b=15. c=14; then, ne=84, 8-}
. ';__.{-b:.' 21. 08, orm = 9. 937, § = 22. 374» and

2¢ g -} »n = 713.22, which multiplied by 42 half the
value of n, gives 29955.24, .for thefum of .the ternis
under the radical fign, whofe fquare rootis 173.075,
from which fubtratting the known term 42, and
dividing the difference by 15 gives z == 8. 738, or
B C= 8 feet 8.8 inches. This is lefs by abourt a foot
-than in the laft example, the reafon is that » == ar7 is
there, whereas it is but 84; thercfore the pier has here.

lefs weight to'fupport, than there. ‘ N
PROBLEM V. 3

To find the thicknefs B C of the piers when the arch
1s terminated by #wo circular arcs, deferibed
Srom the fame center O, below the line A'S
which paffes through the [fpring of the arch.
Fig-3c N . Cee i e

Let the chord A E be drawn; the radius A O pro-
duced fo as to meet the are G F in 'R, and the line
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OD paralltl to P A, meeting C1in D, and inter-
feGing the direRien L1 in H thea if O A = 4,
OM=5, AP__p, PE = .AE b, and thg
arc A E =, .
. This bein fpppofcd we {hall havc -"av for the
area of the fector O A E, and as the fetors O A E,
ORF, are ﬁmxlar, they are as the fquares of the ra.

dii;y thcrcfoﬂeoc bbi:taw: é-z-b-;"-’z to the feltor

ORE and2sn=vXFb—qo. ‘

Now becaufe the folids dcfcnbcd by thefe fe&tors in
the rotation of the figure about a dine paffipg through
the center O perpendicular to the radius O g/! are the
two thirds of the cylinders of the fame bafes, and whofe
altitudes are the chords of thefe arcs, by art. 217. of

our Elem. Math. the bafes being 24 6, 7 lv é, and the
sltitudes, b éﬁ’ “thefe foh&s are raab -— bb’ and ‘

if O 'Lu: m, thcn will 3 amz:: b X &’-—-c’
The right angled triangles-O LH, HDI, are fimi-
Yar to the tﬂanalc APE, and t\hcrcforc P E(d ): AE

(&) OL(M) OH-—-—Z»’ agd HDH =pr1- %
- ‘7; Wﬂhavc likewife A P (2) : P’E (d)::DH:

D l-d+ -—éﬁ, now becaufe O P =4 — 4,

?
by fubtra&ing the fum of D1and OP=4 4, from
the height of the pier ¢5 wethall havc Cl= c-—a+

bm %z-; orif g=—=c—a +-—-—, 1thllbeCI....

?
£ — -—, and econfequently, czz2==2ng—

by cor. afterprob. 1. andifd # = pgq; the fquare root
of this equation will be ¢z -{-¢ = V2 cng -

Hence, if the hclght P E of the arch be the two

- thirds of A P; that is if d = % p; the right angled

D2 triaugle

2udz,
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triangle AP E, gives b=3 p~13, and the right
anglcd triangle A P O, gives 122 = 13 p, becaufe

PO = 4—-d, g= -n, we gct PO::T.,.a, g..T)xl

d -:-I—*mJIg —a. ‘But AO (@) is o PO
(TT 2) as the radius 100000 is to 38461 the cofine 0?
the anglé A O P, and therefore thrs angle is 67 degrees
and 23- minutes nearly or.67 23 degrccs‘ .. New .bes
caufe ra exprefles half the cnrcumferencc of the ra-
dius @, we have 180 degrecs is t0'67 3 degrces as fa

e 40 . Lol
xs tow.. 43 a. .. e o ..~:
) 10800 vl U t.

N [
. v -

S EXAMPLE

e [SIRE T
s

Let AP —=p=—12, c =15, then will 4 = rg, '

5 =163 hence b= 14.422, v == 15.2887, #n = =
51.1583, ™= 13.727, ¢==17.0527, & == 18.49753
and 2 ¢ 8§ == 14194.5095,  § = 290.9753 : “there;
fore 14485.4848 is the fum of the terms under the
radical fign, whofe fquare root is. 120.354, frem
Wwhich fubtra&mg the known term 17.053, and divid-
Ing the  difference by: the coefficient 15, gwes 7=
6.886 or B C equal to 6 feet 10 inches, which is lefs
than z =,7.388 found in the fecond problem. ~ —

'..~--‘APROBLEM VI ST

Do find the thicknefs BC of the pzers fwben the vut-
Jfide G.F is a right line parallelto the chord A E,
and the reft being the fame as before. F ig. 4.

.~ It is evident that this problem differs from the for-
mer, in the values of m and # only. Whence becaufe
-of the right angled fynilar triangles APE, OMF,

we
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vichave AP ()i PE(:: eOM(b) MF——-bd,

and as MR is equal toM F,’ wc "have é—%é for the

area of :the triangle O R F,. and fmce 1 a v exprefles-
the area of the feftor O AE by the laﬁ problcm, ‘we
have2 pn=2dbbsmapv. . .

."Now becaufe - the folid defcribed by the tnanglc
Q R F about an axis pafling thmughlthe center O par-
- allel to the chord A, E, is' the two thirds of the
‘eylinder of the fame- bafc and altitude; the bafe: being

rbb, and the alntude R F z:d’ this fohd wle be

47 4%, and as the folid defcribed by the fe&tor OAE,

13n that rotation, is>rsab; weget3mnp = 2 db*—
a a b p; after having multlplxed both fides by 3 2 and
dw;ded by 2 7.

Therefore g = ¢ —a+— and cz 4 g =

Nacngt g4 by the laft : fuppoﬁngdn =pg:"
the center O be fuppofedto coincide with the point P
then 4, p, and .4, are equal, and the equations in the
two laft problems, will then become the very fame ds
thofe in problems the fecond and third, with. this re-
ferve, that O L is here called m, and L K in the ﬁ[ﬁ:
and fecond figure.

If P E be 2 again the two thlrds of AP; we fhall find
"the fame values as in the laft ; that is, d =% 2, 9=5m

12 6=13p, b="1p 13, g_c-l-sm\/xg-a,
4043
andv= Tosoo &

é'x AMPL E..

-

-~ - -

Lctp\= xz, c= 15, theh 2 =13, b= 16' v
5% 15.288, # == 71.289, m = 14.139; and if we
D3 take
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take half the value of #,. we getg =23.763; 2=
20312.0183, ¢¢9 = 564.6802, and 20876.6985, will
be the {um of the terms under the radical fign;
whofe fquare rootis 144.487, from which fubtracting
thé known terth 23.963, and dividing the difference
by the cdefficient 15, gives % 3= 8.04, which is lef}
than z == 8.254, found in the third problem.

N. B. We have negleited the finall fpace AGR,
in the two laft figures, as being but inconfiderable,
and would hdve rendered the orentions very tedious 3
befidés in pratice a geometrical exactnefs is impoffible
and not neceflary ; efpecially when the departing from

.it renders the operations mote eafy and fimple, as it
happens here in this cafe. '

PROBLEM VI
Ta find the thicknefs B C of the piers, when the arch

45 terminated by two circular arcs deferibed from
the center O, placed in the line AS, which paffes
tbrough the jpring of the ar¢h. Fig. s. '

It is evident that the values of m and. u are here the
fame as in the ffth problem, fince we haye the fame
rs and triangles here as in the third figure; there-
fore 2me=voxF—as andd " = +;—li—,_l-’-;e
Now betapfe of the fimilar triangles PE A, OLH,

wehave PE (&) : AE(®):: O L (m: O H=27"

and fo i} -Jiz’ﬁ = D H; and the fimilar trangles
APE,DHI, give AP(p): PE(d): : DH:D|

da % m - da dz
=7 F7 T imeell=o—g—3t

bu
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"_P."’, or if g = c.»%f +"-—;—’;thenwiuu—:g.a

fl—"?-; confequently, c 2z == 25g—~— 3.‘.1.3..'_.2., by corol.
after the firft problem; and if d#==p ¢; the fquare
root of this equationwillbec z4-¢g = V2cng -} ¢4.

_If O Pisone fourth of the radius O A; thatis, if
the radius ‘Is the two thirds of the fpan of the arch,
then will A P =p == 4; andthe right angled tri-
- angle OPE, givs PE=d =14 ‘\/FE, and the

right angled triangle A PE, gives AE =b =14 6.

But O E () is to P O (£ g)-as the radius 100000 is to-
. the cofine 25000 of the A OE, which is foundtobe 75

degrees and 32 minutes, or75.5 7 degrees. .

And finee unity-is to 3.14159, as the radius 4 is to-
the fomi-circumference 3.14159 43 and 180 degrees.
is to 75.5 * as the femi-circumference 3.14159 4, is to

the arc v ==-1.32 ¢ nearly. ’ B

EXAMPLE.

Let AP-=12, ¢ = 153 't6heté will g =16, b =
19; hence n =69.3, ®w = 16.2045, g =20.8985;
at?d if we take half3 _the value of #, we get ¢ =
44-733> 20ng = 21723.9907, 94 == 2001.0413, and
the fam of the terms under the radical fign will be,
23725.032; whofe fquare root is 154.028; from
which fubtra@ing the known. term 44.733, and di-
viding the difference by the coefficient 15, gives z ==
7.2, which is lefs than z = 7.388, found after

Dy  PRO-
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- -

PROBﬂEMVﬁ‘

To ﬁ.ﬂd the thickne[s B C of the piers, awben the out-
fode is a'ri gbt line parallel to the cbord AE, qf the
t ¢nfide arc.  Fi ig. 6.

"By the ﬁmllanty of thc triangles O M G, AP E, '

b .

we have PE (4): AP () : OM@>GM—f,
and fince G M apd M'R are equal we get ad ﬁ’r,

the area of the triangle O GR, and as the area of the,
fetor OAEis + aw, wchavczua’ 26bp —adu::
But the folid defcribed by the triangle O G R, about
an axis paffing through the center Q parallel to A E,
4;5 4*; and that of the fetor O AE" defcnbcd in
that rotation 3 raab; sherefore 3dmn=2 p bl —.
aad b, by what has been faid before. And becaufe
there are the fame triangles here as in the laft figure ; we

have g == ‘.__4_1_‘____ dn,.,.pq, ana:z—]-q.._.

'~2fng-|-q q as before .

© " If we fuppofe again that O P is the three fourth of
the radius O A ; then will the valuges of p/, dy hbe the
famc as before.

'+ EXAMPLE

LCtas in the laft bep=13a a= 16 b =19,
c=15; then willd = *aV15 b =} a6, and
B=110.74, v = 1.32 4, m = 16.895, g =121.933,
and if we take half the value of #, we get ¢ =
71.796, 99 = 5154.6656, 2 m¢g = 36432.9063:
~ therefore the fum of the terms under the' radical fign
#41587.5719 ; whofe fquarz root is 203935 from

which
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which fubtra&ing the known term 71.796 and divid-
ing the difference by the" ‘coefficient 15 gives,
-z =.8.8. cy e s S
*°N. B. We have neglected the fpace ' ERF, in‘the
 two laft figures, which “could rior be tonfidered with-*
out rendering the operations very tedious and perplexe d;
and as in ‘pradtice a “fctupulous nicety becomes more
troublefome than. ufeful, we aim more ‘at fimplicity
. than atoo great mathematical ftritnefs wherever prac-
tice isconcerned.

N ,
-
v

7 nEwwan

ﬂe‘ diameter O L, which bifects the chord AE, .

. joining the extremities of the two  femi-axes
A Q, and O.E; of an ellipfis, bifeés the drea
of the quadrant AL EO.  Plate 1L Fig. 7.

_ For the diameter O L bifects all its ordinates which
are parallel to that chord, as well as all the lines drawn
in the triangle A O E parallel to the bafe A E ; con-
fequently, -the diameter L. O bife&ts thearea ALEO
of the quadranpt. . L ‘

K

COR. I~

Hence, becaufé the tangent L H, is parallel to the
-ordinaté ‘A E of the diameter O L, by the nature of
the ellipfis, and this diameter bifects A E in m, and
fince AOE is a rightangle; Am, mO, mE,. are
"equal ; therefore the triangle O m A, is ifofceles, and
_being fimilar to the triangle O L H, this triangle is
likewife ifofceles; cenfequently, O K =K H, and
OL=LH . v e

-~ .

)

P - - ¢ o

CQR.
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' COR I .

Henca the triangles AOE, Q L K, are fimilar;
fos the triangles OK L, HK L, having all thejr fides
equal, are equal in all refpects : and fince the triangle
H K L is fimilar to the triangle AOE, its equal 1%1,
will be fo-too. . . ' -

COR L. _
Becaufe OK : 0. A:: O A: OH,or2 OK, by the

laft corollary ; whence OA =OXK ¥2; and by the
fimilarity of the triangles AOE, OKL; we have

t

" QA:AE::0K:0L,and inceOA=0KWV72;

we have A E == O L V2 by equality of ratia’s.
' PROBLEM I,

To find the thicknafs. B C of the piers, whenG F,
AE, gre two fimiler elliptical quadrants, def~ ~

« eribed from the fae center O, and the joints
are pserjbendiculw' 2o the tangent in that point,
. Fig. 8. o

JfOA=4 OG=25 OEx=/, and therclt as
‘befores then will O F :-.';!i;, by fﬁppoﬁihh, whence
Tince the circular q\‘Jadran: defcribed with the radius
OG, 4, will be £ r & &, and is <o the elliptical quadrant
OGF, as GG ()toOF (_b.‘_?) and therefore this

elliptic q‘uadra.ntwill'bcﬂ ; and the quadrant OAE,
T a :
will be4 7ad by the fame reafon ; therefore 4 e =
rdX b b — aa, after having multiplied by 44.
4 ' Now
SN
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*Now becaufe# aa, rbb, exprefxche areasof circles:

defcribed by the radii O A, O G, in the rotation of:

the figure about the axis O F, and fince the folids def--

cribed by the elliptical quadrants in this rotation are
the two thirds o(P the cylinders of the fame bafe and

altitudes, thele folids will be 3 raad, 2‘2 45, and

their difference eqﬁa‘l to 27m by art. 425 fup-
pofing OK==m; which gives 3amn = dxd—a’,
after having multiplied by 3 a. The firft fide of this

~ equality being divided by 4 4 5”’5 and the fecond by its

equal, gives } ras == 4 +m, : s
- If we imagine 2 quadrant of an ellipfis to be def-
¢cribed through the center of gravity L, fimilar to the
former; then the direction L H, will be a tangent to
the ellipfis, and therefore perpendicular to the_ joing
pafling through that point ; and OK = K H, by cor.
LorOH=2m; hence DH = g4z —2 m;3nd
by the fimilarity of the triangles AOE, HDI, we

h_achO(a):0E(1)::DH':DI==J+4—34
I 1
?ﬂ’, andfoCl=¢ -4 _f’_;_n_:l___?_z:’ orifg=
a ad . e &. T,
¢.._J+3_;.".’.'; wchaveczz;:-zug-— zndz’ by
- I a
gor. after prob. I. and if @g = a 4, the fquare root of

this equation is ¢z}-g = V2 emg Fqq.
' EXAMPLE.

Lcta-;.l.xz, b=¢=15, d=g; then as r=—x
<142 ned¥ly, we get M = 47.92, m = §8.629, g ==
?3.943, and takingg the twe Zh7irds of the fr:z ‘5.72
for the value of », we fhall have ¢ = ¢3.86 and .
18648.4988 for the fum of the terms under the radi-
fal fign, whofe fquare root is 336.559, from which

' © 7 fubtralling
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fubtra&ing the known: term'23,86,- and.dividing,the

difference: by 15, we fhall have g-= 2.5 13, or B C
equal 0. 7fcc: 6inches. ,-. .. -z 1o

PROBLEM x

Do find the thicknefs BC of the piers, when the'
ougﬁde isa right line G F, parallel to the chord-
. A E which. ﬁzéteyds tbe elhptzcal quadram‘,
. Figig.. v

!

lfAO._.a,OE 40M=4 O mor Am=b,
and the reft as before; ‘then by the parallel lines A E
GF; we. have O () : OE (d): : O M (4) : O F—

%i?‘ and Om (5):OA(a): :OM(3) :0G = %bi o
whcﬁcc’ab bd

= will exprefs the area_of the triangle

GOF, and fince + r a d exprefles the area of the the ellip-,
tical quadrant, we have 4bbn=adX 2 5b 7 b b

after having multiplied by 4.4 4. .
Now becaufe 7 4 a,‘r a:: 5, cxprefs the c:rclcs dcﬁ-

cnbed by the radii, o A, OG, in the rotation of the

ﬁgurc about the axis O'F; we have 3 ra¢d,_2 ab‘fb’
3

For the folids defcribed by the quadrant OAE, andthe

triangle GOF, in-that rotation’; therefore their differ-

ence is equal to 2 7 m # by what has been faid before

which gives 6 mnb' =asadX p — 2 b

As the reft of the ﬁgurc is the fame as bcforq, we
ha\{cg 6-—1-{————, 4g=nd, and 02} ¢ =

g c»g:F 0 as abovc.

[ IRV /}4.‘,‘»»\ PR G RO
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ITEXAMPLE |

- Leta'= 12, di=9; c3= 15 thenwill b ="y, 5
andthe diameter Oz = A E:~/2 -by.cor. 3., will be
10.6, and if we allow-'g.feet for, the-ghicknefs M ¥ of
the arch: we have 4 = 13.6, whence » = 923,72,
m= 9,23, g =19.845; and if we take 61.812 the
two thjrds of the area'92.72 for, the value.of 7, we-get
¢ ==46,36, and 38949.0238 for the fum of the terms
under, the radical fign, whofe fquare root is 197,355,
from which fubtracting the known term 46.36,.and
dividing the difference by 15, gives, z = 10.066,
nearly 3 which: js, 5 inches .more .than..when .the inr
fide is. circular, ..this arifes. from the difference bes
tween the weights . of the arches ; for we found 112
feet in problem 3, and here only 92.72, fo that gi-
ther -of thefe arches may be ufed, as; occafion fhall
require, P NI R

Bugif ¢ = 9, and. the reft as’ before; - then.will
Z= 9.57, whichis very little lefs than what has been
found in.the third preblem., . . -« .
" When both fides of the arch. are terminaied by
ellipfis, its piers require lefs mafonry, than when .it
is terminated by .circles ;. for we found in the fecond
‘problem’ 7 feet 4 inches, and in" the ninth 7 feet 6 in-
ches, “and - therefore  the difference is 2 inches: not-
withftanding, Mr. Belidor found the contrary, and from
thence concludes. that - the elliptic arch . has a greater
preffure than the circular one: this would be true if

‘the weights of .the arches were equal ; but we have

found the areain the circular one to be 63.62 feet, and

.47.72 feet in the ellipfis ; and thepafore the weight of

the circular arch is, to the weight of the elliptic arch,
s-#33 is to 100 nearly. So that the weight of the
Airft 1s about-one thirt miofe’ than in the fecond,

PR O-
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PROBLEM XL

Ty find the thicknefs B C of the piers when there
- &re counterforts V D; the dffide of the nrch
éemg amdar and fbe augfde a r:gbz‘ line. Fxg.
Ion

:[:cf € V = b ’bc tbe !engt‘h of the counbcrforts,
w}uch have the {ame height as the piers, and the ine
<erval from the one to thc other, 1s to their tlnckneft
astwoto one; -
 Tr-is plain that the point C is o more that” about
which the piers muft turn in ordes to be overfer, but
it-is the point V or extremity ‘of the counterforts : fo
that the diftance V I of the dméﬁon L1, mutt herc be

: found on the line V R.

- If we retain the fame valucs as ‘bcforc, we ge&k
rx—-bb—-,raa, gnm=0>bs/2 —a'andOH==2m,
by thethird problem : whence RH =4 4-5 4z —
2mandVi=c—a —bt2m—z, oufg::

¢—~a—b2m; then will V1 = g —'2z; there-

fore 2 # g2 2 7 zwill be doub’lc the momemum of
the arch.
And fince ¢ z exprefles the area of the pier C A,

and » -} &z, the diftance of its center of gravx’z
from the line R ¥, we have cbz <+ L¢z 2 for:
tnomentum ; and the area ¢b of the counterforts
“multiplied by + 5, gwcs 3¢ b bfor its momentum,
‘which being reduced in the ratio of" 3 to unity, gives
schhy therefore twice the fum of thefe laft mo-
.mentums, muft be equal to that above, by cor. af~
‘terprob. 1, thaty czz4 20bz - 4 cbb=
2ng — 2nz; and if g=n4 ch; ‘the fquare

“root of this equation will be ¢ 2 4 ¢ = Vz:n‘g
—_— ubb—}-qq

" E X-
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T EXAMPLE T .

Letz=12,0=15,c=9,b=4;thenwilla=112,
m= 9.072, g == 11.144, and g == 148; hence
43938.304 will be the fum of the tetms under the ra-
dical fign, whofe fquare root is 209.614 ; from which
fubtra&ting the known term 148, -aad dividing the dif-
ference by g, gives 2 == 6.846 feet pearly, or BC
equal to 6 feet 10 inches, which is 14 inches only lefs,
than' what Mr. Pauban has given to his piers, the coun-
terfarts being the fame. A

If we fuppofe ¢ = 14, and b = 5; the reft being
the fame as before, we fhall have # = 112, m = g.072
as before, and g = 16.144, ¢ = 18y ;. whence the
fum:of the terms under the radical fign-is 87337.84,

. whofe fquare root is 295.529, from which fubtralting
~ the known term 187,.and dividing -the difference by
" 15, gives z = %.235 ‘nearly, or B C -equal -t0 7 feet
g-inches nearly, whereas Mr. Belidor finds but 3 feet:
one inch for the fame thicknefs ; which methinks might
have given him reafon vo fufpect his theory, as differ-
ing fo widely from Mr. Vauban’s praltice, although
the latter did not deduce his rules from any theory,
yet his great practice made him arrive generatly pretty
near the truth. - S L

If we fuppofe the height of the piers ¢ to be g feet,
and thelength 4, 3 feetonly, we fhall find z = 7.746
or B C equal to 7 feet g inches,nearly, which differs
from: the ‘thicknefs given by Mr. Vauban, by 3 inches
only ; fo that, according to this theory, he made the
length of his counterforts one foot more than is re-
qllil'edo ) b

Having confidered that moft praitionefs re unac-
quainted with algebra, and being willing to render this.
book ‘ufeful to every perfon employed in thefe works,
we imagined that a table containing the dimenfions of
thd piers of different width of arches would be accept-
able to many of my readers, for which reafon we have

. . inferted the following one. A
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The firft line -10, 12, 14, &c. expreffes the
width of the arches in feet; the reft of the lines,
the thicknefles of the piers in feet and decimals, an-
fwering to their heights marked in feet in the firft
column gy 10, I1I, 12, &c. refpectively from g to
20 feet. -

It may be obferved that the length of the counter-
forts, have here been made one fixth part of the open-
ing of thearch, or 3 b is always equal to the radius 4 ¢
which proportion we found to be moft agreeable in res
gard to the thicknefs of the piers; for by making the
counterforts longer, the piers of fmall arches would
become fo thin, and the materials would thereby not
join fo well, which ought to be avoided.

Thofe who are not verfed in Algebra, may depend
on the dimenfions here given, and that the arches will
be good and lafting, provided the work is well exe- -
cuted, and the materials good ; it is however advife-
able to leave the centers ftanding at leaft for fix months,
in order to give time to the mafonry to fettle and har-
den és which being done, the work will not fail after
wards., ‘

PROBLEM XIIL

Go find the thicknefs of the piers, having countera
Jorts when the infide is an ellipfis. Fig. 1o, |

Becaufe we have 6 munb*=aadx b*— 2 b* and
4 bbn=adX2bb—rbb by problem X; and
RH=g44 /42— 2m, by the laft problem, fup-
pofing C V == /3 and by the fimilarity of the triangles
OAE, RHI, we have AO (3): OE (d):: RH:

‘ : l : d
R1=d+‘%+4—;-—2é”’ Hence VI = ¢ —
dl dz _2dm . dl
4—— = - + —s 0r1fg=c-_—_-d—.-—a—+

E - T adm
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2dm

swegetVieg ;-—é—-z-, and therefore 2 g 5 —

ﬂ';d_z, will be doublé the momentum of the arch, which

therefore is equal to double the momentum of the pier
and counterfort, found in the laft problem ; thatis, czz-}-

srlz4dyell= 2gn.-—2”dz; a;ndifg =cl+3.;f
a

the fquare root of this equation will be cz}-g=
Veeng—teceeldqq.

o EXAMPLE.

Letea=12,d=c¢=9,] = 4;then will3;=92.72,
m = 9.23 by problem X. whence g = 10.845, and
¢ = 105.54 ;3 thefe values being fubftituted into the
equation above, gives 28806.5628 for the fum of the
terms under the radical fign, whofe fquare root is
169.72, from which fubtratting the known term
105.54, and dividing the difference by 9, gives
Z = 7.13 feet. :

This thicknefs of the piers exceeds that, when the
arch is circular by 3 inches only ; but as the quantity
of tafonry in the circular arch is to the quantity in
the elliptic arch, as 112 t0 92.72; or as 7 to 5.8 neas-
by ; it is'evident that the elliptic arch and piers toge-
ther requires lefs mafonry than the circular arch and its

iers. ‘ :

P Since then the elliptic arch is rather ftronger at its
hanches than the circular one, and the middle or its
weakeft part, fufficiently covered by mafonry ; and as
it is lower, and therefore better covered from the fight
of an enemy, it cannot be fo eafily deftroyed; it is
evident, that it may be ufed as well, and often with
greater advantage, than the circular one.

o : R PR O
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(N

PROBLEM XIIL

To find the thicknefs of the piers of a vircular arch
when there is a wall AEF G abave the piers as
it bappens over the gates of a fortrefs. Fig. 11. "~

The fame thing being fuppofed as in the fecond
problem, and calling the thicknefs A E of the wall 4,
its height EF, b; then will 4 hexprefs the area of
the wall, which being multiplied by z — 1 4, gives
d bz —*ddbfor its momentum, and as that of the
pier is * czz, that of the arch #g —nz, by the
fecond problem, and thercfore cz 242 dbz—ddb=
2 ng— 2 n'z; and if g =n+d b; wefhall have c z 4~
g=wN2cngt+cddbtqq. C

N.B. It muft be obferved that 4 n=rb b —raa,
irm=a-} 4 bb’ and g = ¢ — 4 -}- 2 m by the fe-

a . g

cond problem.

EXAMPLE,

Leta=3, b=y, c=10,d=2, h==1203 then
willn=18.852, m = 3.854, § = 12.708, 4= 58.8523
and performing the operations indicated by the equa-
tion we fhall find 2, or the thicknefs B C of the piers
~ to be 3 feet 3 inches nearly. ’

PROBLEM XIV.

To find the thicknefs of the piers when the arch’
is elliptical, the reft being the fame as before.
Fig. 11.

If the height within of the arch be callecz Jb' 3 then..

w’;l_l4an;r:xbb~aa,.-}rm—.:.d-]-a_{_b,g-——
: T E 2 ‘ c—s
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2ms

¢ — s 4222, by the ninth problem; and2ng —

2 5 z will be double the momentum of the arch, which -

- being made equal to double the fum of the momen<
tums of the pier and the wall, found in the laft pro-
blem, givesezz4-2dbz—ddh=25g—2n%, or
¢zt g=v2cng - cdd-qq by fuppoling ¢ =

atdb ~

EXAMPLE.

Leta—3, b=17, c=10, d ="2, h = 20, as be-
fore, and the height s = 4 ; then will # = 15.08,
» = 3.854, g= 12.166, ¢ = 55.08; and perform-
ing the operations indicated by the equation, we get
%= 3.154, which being fomething lefs than the for-
mer, fhews that either of thefe figures may be ufed,
according as it is judged convenient.

PROBLEM ECV

Ty find the thicknefs of the piers of a circular arch,
when they bave a given flope €D on the outfide.
Fig. 12. :

From the point C draw CE, and D F parallel to

A B, and let the dire®tion LH meet CE in I;

then if BF = 2, F C = b, and the reft as before, the

re@angle ¢ z multiplied by + z 4 b, gives ; czz 4"

" ¢ b z for the momentum of the part F A of the pier,

and £ b b ¢ will be the momentum of the part C F D,

therefore czz-}-2chbz4-3chbb=2ng-—2n2by

the fecond problem; and if g=<¢ b = #, the fquare root

of thisequation will be ¢ 2 =wN2cng—3cchb .

, The 3alucs of m and ;‘;gc the fami as in thtgfq’-,
teenth problem, and g = ¢md = b2 m.

5 . EXAMLE




EXAMPLE

Leta=15, =79, c=10, b=12; thenwill » =
18.852, m = 3.854 as before, and g = 10.708, ¢ =
.38.852 whence the fum of the terms under the radi-
cal fign is 5279.57t9, whofe fquare root -is 72.66,
from which fubtratting the known term 38.852, and
dividing the difference by 10, we get = = 3.38 near-
ly, and B C equal to 5.38 feet.

PROBLEM XVL

The fame thing being fippofed to find the thicknefi of
the piers, when the arch is elliptical.

“The fame denomination being fuppofed as in the .
fourteenth problem ; then the values of m and » are the

fame here as there; and g =c—_:—’.‘i 3.11‘,;
_ e ° a

therefore, if g=""1cb, the reft will be the fyme
as in the laft problem, that is ¢z« ¢ =42 cug-#-
36ebbtgg. 7 o |
EXAMPLE.
Let 6=5,b=279, c=10, s =4, b=2; then
will #=15.08, m = 3.854, g==10.566, ¢ = 32.064 3
and performing the operations indicated by the equa-

tion, we fhall have z = 2.86 ; and therefore B C will
be 4.86 feet,

- Eg3 PRO-
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" PROBLEM XVIIL

Suppofe a wall KOL M to be continued above the
arch with a flope on the outfide; to find the

 thicknefs K P or LM, the dafe P O of the flope
being given.  Fig. 13. - , g

. LetPO=4d, PL=h; KP =2; and the reft as
before ; then z 4 multiplied by + 2z -4, gives + b2z~
d b z for the momentum of the part P M of the pier,
and + 4 b multiplied by 3 4, gives 5 dd b for the mo-
mentum of the other part O P L; the reft being the
fame as in the fifteenth problem,' and therefore
bzz-+2dbz-t3ddb=2ng—~2mz;andif =
# - d b the fquare root of this equation will be 4 z-}-
g=wV2nbg—3%ddbb-4qq. : :

EXAMPLE.

'‘Leta=6, $=38, c=10; b==16, d= 3; then

will # = 22 nearly, m = 4.486, g=¢ —a —d
2m=9.972, ¢ ="70; and finithing the reft of the
operations indicated by the problem, we fhall haye
z = 2 feet nearly ; and therefore K O, is 4 feet. ’
Arches, as thefe are ufeful in building galleries be-
hind the counterfcarps of ditches, fuch as are made at
Bergen-op-zoom, but when they are made pretty large,
they- become too high; for which reafon I would
choofe to make them elliptical ; and as we have -all
along found that their preffure is rather lefs than that
of the cireular ones,- on account of their having.lefs
weight; the fame computations we made in regard to
circular arches, will equally hold good in the elliptical
ones. R ' :

~

S PRO
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PROBLEM XVIIL

Ty find the thicknefi BF or A D, when there is
preflure of earth againft the autfide flope C D.

Fig. 12.

We have thewn in the firft fe@ion of this work,
that the preffure of earth when compared to brick walls,
was equivalent to ;% parts of the cube of its height;
and as théfe walls- afe commonly made of bricks, we
have no more to do, than to add .2, ¢?, to the momen«
tum of the pier found in the feventeenth problem, in
order to have the equation cz}-g=w2cng—
3ccbbtq9— 2 ¢ for this cafe.

EXAMPLE:

Lete =5, =7, c==10, b=2; then willz =
18.85, m = 3.854, g = 10.708, as before in the fif-
teenth problem, and g =38.85 ; thefe values being -
- fubftituted into the equation, and the operations per-

formed as indicated by the equation, gives z==2 feet
nearly, and therefore B C is 4 feet. o

PROBLEM XIX.

To find the thicknefs of the piers with counterforts,
awben there are two circular arches below, and a
Jmall one above, Plate IV. Fig. 14.

The fame denomination being fuppofed as in the
eleventh problem, in regard to the lower arch, and
let the fame lines be drawn in the upper one; then if
084=s50Qorro=f, Qoor Or==x; « half the
area of the fmall arch, 0 b =2 p ; then will x = .777 55
and p = .756 s, by the eleventh problem: whencer b
ofri=f—2p; Oibré)[—l:x—f—]—zp; RH .

’ 4

071,
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or,RlI=a}bt2—xtf—2p;andVi=cwm
a—b—ztx—fH42psorify=cxt2p—
6 —b—f; thenwill V1=y— 2, which being mul-
tiplied by 2 u, gives 2 # y— 2 # z for double the mo-
mentum of the upper arch; thisaddedto2 ng —2n72
double the momentum of the lower arch, and the
fum made equal to double the momentum of the pier
and counterfort found in the before-mentioned pro-
blem, givesczz 2¢cbztjcbb=2ngtz2uy— ,

2 n3— 2 #2; whence if g=¢ b -}-n 4 4, the {quare

root of this equation willbecz+-g=w2cng I

geuy—Fcchb+qg.

R EXAMPLE.
Leta=12,c=s=8;thenif 0 Q=f= 1:1.};

that is the lower arch, being three layers of brick

thick'; arid the height Po=53%; then will Qo =
¥ == 20; #=49.728, p = 6.048, y == 9.763, and

 me=112,m = 9.072, g = 10.144, by the eleventh

roblem ; hence we get ¢ = 197.728, and 64700.98
ﬁ)r the fum of the terms under the radical fign, whofe
fquare root is 254.363 ; from which fubftrating the
known term 197.728, and dividing the difference by
the coefficient, gives 2 = 7.08 nearly:

N. B. We have fuppofed the trilinear fpace S be-
tween the lower and upper arch to be empty ; that is”
without mafonry, befides a fmall fpace between the
roof and the pier of the upper arch has been negleét-
ed; but as it hardly can make any fenfible difference
in the thicknels of the piers, the reader may depend
on that found here to be fufficiently exat for prac-
tice.

->

PR O-
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PROBLEM XX.

T 0 ﬁ}zd the thicknefs of the piers with counterforts,
when there are two fmall arches below, and a
great one above. Fig, 1§.

Let 6 0=1s; the height Vr of the lower piers,
¥=.77755; p = .756s; then will 0 5= 2 p, by the
eleventh problem; and as or=s-}+b-4}2, we get
rborriz=s+4b-+t2z—2p,and Vi=sx—s—b
—2-42p; orif y= x4 2p—s5—b; then will
Vi=y—z, therefore 2 uy — 2 % z, will be twice the
momentum of the lower arch. . ' :
- Now if we fuppofe the fame values as in the eleventh
problem, for the upper arch; that is #=.7774 q,
m=.7564,g="¢-}2m—a—b; then will 2 #g—
2 n % be twice the momentum of the great arch; and .
therefore c 2 z-f-2c bz} Schb=2ngt2uy —
. 2n%—2ny; whenceif g=cb -} n-}-u; the fquare

root of this equation willbecz -} g=wn2cngt-
tcuy—zechbtqq e

EXAMPLE.

Let =15, ¢=26, x=5=9, b =4; then
wilu =27.972,p ==4.536,y=5.072, n=174.825,
m=11.34; and g = 29.38, ¢=306.797; now the
operations indicated by the equation being performed,
we fhall have 2= 11.54 feet. :
. Either of thefe two laft problems may ferve to con-

ftra&t large powder magazines in the inland part of the
country, whére no enemy can come near them ; for
in' fortified places, engineers choofe to make feveral
fmall ones, {o that if any one be deftroyed by the ene<
my, the powder might not all be loft, which would
prove the lofs of the place at the fame time, It:
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If the arches were made elliptical inftead of circu-
lar, they need not be fo high, and a great deal of ma-
fonry might be faved, as has been thewn in the twelfth
problem. ' . . '

PROBLEM XXIL

Let cither the exterior or interior curve of an arch
be given to find the other fuch, that all the arch.
Slones  fhall be in equilibrio with each other,
Fig. 16. .

Suppofe the interior curve A 4¢dB to be giﬁn, ,

and let all the joints produced, meetin the fame point
C; from the centers of gravity v, &, y, of the arch-
ftones, let the lines v r, x5, y ¢, be drawn at right
angles to the horizontal line D Q drawn at pleafure,
and the latter interfecting the joints in E, F, G; then

it is evident, that if D E, exprefles the weight of the - |

ftone v, E F that of the ftone x, and F G, that of the
ftone y; the line CD, will exprefs the force with
which the ftone 0, prefles the vertical joint HA; CE,
the force with which the ftones v, », prefs the joint
15, and CF, the force with which the ftones ¥, y,
prefs the joint K e: for three powers are in equilibrio
with each qther, when they are as the fides of a tri-
angle which are perpendicular to their direction; and
the fide D E, is perpendicular to the dire&ion v r, of
the weight, and the fides CD, CE, perpendicular to
the dire&tions of the forces with which the ftone v,
prefles againft the joints CH, C1: Again, EF, is
perpendicular to the diretion %5, of the ftone x, and
CE, CF, perpendicular to the diretions of the forces
with which the ftone x prefies the joints C I, CK; the
fame thing is true in regard to any other joint. '

- Since therefore the fame line C E exprefies the forces
with which the ftones x, y, prefs each other in con-.
jfary direCtions, they deitroy each other; again ;s
' the

‘
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the fame line C F, exprefles the forces with which the
ftones x, y, prefs each other in contrary directions,,
they likewife deftroy each other; and this is true in
regard to any other two adjacent ftones. Confequent-
ly, if the weights of the ftones are to each other as -
the lines DE, E F, F G, they will be in equilibriq
with each other. -

- Whence, if the curve HIK LM be fuch that the
fpace A H 15, be always equal to the correfponding
triangle CDE, it will be that required, becaufe the
bexght CD, of that manglc is given, its area will bg
'as the bafe D E.

' Now becaufe the circular feCors defcribed by the
radii CE, CJ, CI, in the fame time, are as thé
fquares of thefe radu, and fince thofe feCtors are like-
wife as the fluxions of the fpaces CDE, CA%, CHI ;
and the difference between the two laft is equal to the -
firft, by what has been proved ; the difference between

" the fquares of the radii CI, C4, will likewife be

~ eéqual to the fquare of the radlus C E v

Hence, when C E becomes C D, C1 becomes C H
and C 4 becomes C A : therefore the fquare of CD is
equal to the difference between the fquares of the height
CA, and CH at the key-ftone, which being - given,
the line D Q_will be given in pofition, and from
thence ‘the curve may be defcribed.

- Though we have fuppofed the interior curve ngen,
yet it is manifeft, the folution holds equally good.
when the exterior curve is given. - ,

When the interior curve A B; becames a right line
parallel to D Q; the exterior curve HM, w:ll alfo be
a right line parallel to D Q.  For becaufe CE will be
to C4as CD to CA in'this cafe; and therefore CE
and C I will be in a conftant ratio; véz. in the ratio of
CD, to the root of the fum of the fquares of C D and
CA. Which fhews that flat ceilings made of ftones,
fo a5 all the joints meet in the fame right line, or flac
BN . arche‘“
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arches, if we may call them fo, will have all their
fones in equilibrio. .

-

PROBLEM XXIIL

To confiruct - the exterior curve HM, wben the in-
terior A B is given. :

Cafe 1. Let the interior curve A B be 2 quadrant of .
a circle, defcribed from the center C with the radius
C A or CB; and fuppofe the thicknefs A H or length
of the key-ftone to be given; then if BD be made
equal to CH, and through the point D, the indefi~
nite line D Q_be drawn parallel to C B.

If after having drawn feveral radii C I, CK, CL,
CM; interfe&ting D Q. inE, F, G; you make one
of the legs 4 ¢ of a right angled triangle a¢ g, equal
to C A; and you take upon -the other always ¢ e==
CE, cf=CF, cg = CG, and then Cl=ae,
CK=gaf, CL=uay; thecurvepaﬁingthrough the
points H, I, K, L, will be the required one.

- For becaufe CA, CB, are equal by fuppofition,
and CH, BD, by conftruion, the fquare of CD
will be equal to the difference between the fquares of
€H, orBD, and C A; and fince, CA, ¢a; C E,
ceand CI, ac, are equal, the fquareof CE orce

will be equal to the difference between the fquares of
Cland Csor CA; confequently the curve HL is
that required. : '

' Fig.17. Cafe Il Let the interior eurve ABbea
circular arc defcribed from the center C, with the
tadius C B or C'A, and let the part AH of the radius
drawn through the vertex A, exprefs the given thick-
hefs of the arch in that place; on CH as a diameter
defcribe the femi-circumterence of acircle HMC;
take CM equal to C A, andinCA; CD.equal to
H M and draw the indefinjte right line D Q_ parallel
to the- horizontal line C B then, after having taken

' upen,
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upon one of the legs ¢ 4 equal to C A, of a right angled
triangle 2 cg, and upon the other ce, ¢ f; ¢ g, re-
fpettively equal to the lines CE, CF, C G; you make
Cl, CK, CL, equal to the correfponding lines z e,
af, ag; the curve line HIK L. paffing through the
‘points H, I, K, L, will be the required one.

For becaufe CM, CA and CD, HM are equal
by conftruction; the fquare of CD is equal to the
difference between the fquares of CH and C A; and
fince we have alfo CA, CE, CI, equal to ¢, ce, c,
refpectively, it follows that the {quare of C1 is equal
to the difference between the fquares of C A, and CE
confequently the curve HK L, has been rightly con-
ftructed.

This problem has been given at the beginning of.
the fifth fection, book the third of our mathematical.
treatife, not only for arches generated by a parallel,
but likewife for fuch as are generated by a circular
motion ; to which the reader is referred, if he wants
to know all the different cafes.

We have endeavoured in this fe&ion to give all the
different problems that poffibly can happen in prattice,
relating to this fubje&; and to render it of more gene-
ral ufe, we have given the table of the dimenfions of
piers for feveral openings of powder magazines; and
though the arches are fuppofed to be circular, yet the
fame dimenfions may ferve for elliptic; or parts of
tircles. For in all the different kinds of arches, the
thicknefs of the piers of the circular one has always
been found the greateft, contrary to the erroncous
notions of other authors; who have lookéd upon the
circular one as the ftrongeft and the beft, without be-
ing able to give any other reafon than becaufe all the
joints meet in the fame point; not confidering that the
fame thing is fo in all arches, made of parts of circles;
and as the fineft bridges in Eurgpe are built with ellip-
tic arches, it is manifeft, that they are able to fupport
the weight with which they are loaded; b_eﬂdesi‘ we

: ave
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have fhewn that they require about one third lefs ma-
fonry 5 it mutt therefore be allowed that they are pre-
ferable to the circular ones, efpecially when it is con-
fidered that they look more beautiful to the eye, and
their flope is much lefs; which on the contrary is fo
very high in Wefiminfier- Bridge, that it is with the ut-
moft difficulty, that heavy loaded carriages can get
over it; though in many other refpeéts, one of the
fineft in Europe.

- It is alfo eafy to fhew that powder-magazines, made
with elliptic arches, have the advantage over circular
ones in many cafes. For in forts, or wherever the ram-
Farts are low, it is impoflible that circular powder-ma-

gazines can be built {o low as not to be feen by the

enemy from without, who therefore will endeavour to
deftroy it as foon as he can, knowing that the furren-
der of the place depends on it; and if they are built
under ground, the powder can at leaft no longer be kept

in it than during a fhort fiege, otherwife it would foon"

grow damp, and lofe its ftrength: whereas an elliptic
arch may be made much lower. Nor will the fhells
have a greatereffect upon thefe than on the others, be-
caufe the weakeft part is fufficiently covered with ma-
fonry, fo as to be in nodanger; and as to the hanches,
they are more curvated than the circular ones, and

- of confequence are ftronger in that place.

The two laft problems are particularly ufeful in
building of bridges, becaufe the arch-ftones being in
equilibrio with each other, it is manifeft, that the bridge
will be ftronger, than when they are madein any other
form: it is true that the upper part of a bridge can-

.-

not be made in this form, unlefs it is of one archonly; -

fince the paffage muft have a regular afcent and de-

fcent: yet neverthelefs, the arch-ftones being formed

in this manner, and the reft of the fide walls being

finifhed in the ufual way, . the overplus of the weight
is not fo very confiderable as to produce any very great

alteration in refpet to the force of the arch ftone.
: Befides










Se@.2. FORTIFICATION. 63

Befides when a bridge is built otherwife, that is, in
the ufual manner, the weakeft part is loaded with a fu-
pern'umcrary weight, as well as the ftrongeft, whereby
it remains ftill the weakeft, and and if that partis more
loaded in proportion than the reft, the force to refift
that weight muft be weakened: on the contrary, the
‘greateft part of the weight being in equilibrio, the re-
mainder cannot caufe {o great a difference, asin the
vfual manner. . .

SECT. IIL

Of the STRENGTH andQ_UALI'i'Y,oj"
| TIMBER. |

S the ftrength and goodnefs of a building entirely
A depends on the well proportioning and uniting
the whole together, in fuch a manner, as every part
thereof may be equally ftrong ; and as we have in the
firft feCtion given tables of the thicknefs of walls which
fupport earth, of any height, and according to any
flope, that may be ufed, as: likewife fhewn how to
find the proper thicknefs of piersof vaults and arches
of any form or opening; it remains now to treat of
the different kinds of timber, and of their quality, as
well as of their ftrength, in refpeét to the different po-
fitionin which they are made ufe of ; efpecially of thofe
moft commonly employed in buildings; in order to
render this work as ufeful as is poffible, and thereby
enable a young engineer to judge whether a building
already excuted, is compleatin all its parts, or when
a building is propofed, to make all its parts in due pro-
portion, infuch a manneras to be every where equally
ftrong and good, and to "avoid all needlefs expences ;
which is the point of greateft perfettion that can be at-
aained in the art of building. o
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Of the NATURE and QJALITYi of TIMBERS.

Of all the different kinds of timber known in Exrope
for building, oak is the beft in all refpes, becaufe
when it is well feafoned and dry, it is very tough and
hard, it does not fplit fo eafy as other timber, and
bears a much greater weight than any other whatfoever ;
when it is ufed under cover, it never perithes, no more
~ than in water; on the contrary, the olderit grows, the
harder it becomes ; and when it is expofed to the wea-
ther, it exceeds all other timber whatfoever for durable-,
nefs.

Fir timber is the next in degree of goodnefs for
building, efpeciall{ in this country, where they build
upon leafes ; for it lafts pretty long, when under cover ;
is very light, and is the cheapeft timber that can be
bought. It differs from oak in that it wants not fo

much feafoning, and therefore no great ftock is re-
quired before hand : whereas oak muft be kept at leaft
a twelve month, and the longer it is kept the better it
is; on the contrary, fir is much ftronger while the
refinous particles are not exhaufted, than when it is
very dry, as I have found by feveral experiments : Fir
is ufed for flooring, above all other kind of wood,
for wainfcoting and the ornamental parts of build-
ing within doors ; it lafts likewife a great while under
~water ; fome pretend, that it never perifhes there, no
more than oak.

Elm is the next wood it ufe, efpecially here and in
France, whereitisplenty; becaufe itis very tough and
pliable, it is eafily worked, and does not eafily fplit,
it bears driving of bolts and nails into it better than
any other wood : for which reafon, it is chiefly ufed
by wheelwrights, and coachmakers, for fhafts, npaves,
fellows, and other fuch like things, and is almoft the
only kind of wood ufed in artillery.

Bcaéf: ,
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Beach is alfo very ufeful upon many accounts ; it is
very tough and white when young, andof greatftrength,
but liable to warp very much when expofed to the
weather, and to be worm-eaten when ufed within doors ;
its greateft ufe is to make planks, bedfteds, chairs,
~and other houthold goods; and they ufe it likewife
abroad, for axletrees, fellows, and in other wheel- -
wrights works.

Afhis likewife a very good wood, but very fcarce
in moft parts of Eurgpe ; it ferves in buildings, or for
any other ufes where it is fkreened from the weather ;
hand-fpikes and oars are chiefly made of it, and indeed -
it is the only wood that is fit for this and any other
things which require to be tough and pliable.

Wild chefnut timber is by many efteemed to be as
good as oak, and feems to have been much ufed in old
buildings ; but whether thefe trees are not fo common
at prefent as they have been, or have been found not
to anfwer fo well as was imagined, it is certain that this
timber is quite out of ufe at prefent. o

There are befides many other kinds of woods, which
are efteemed ufeful upon fundry occafions, fuch as
Englifp and Virgina walnut, mahogony, cedar-wood,
rofe and box-wood, for turners and cabinet-makers
works; but as we intend to confine ourfelves to thofe
woods only which are ufed in building; fo the fal-
lowing obfervations, fhall extend no farther than to
thofe mentioned above.

Ogk may be diftinguithed into three forts, v/z. that
which grows on high gravelly ground, in thick forefts,
and that which ftands on the fkirts of forefts, in hedges,
orany where elfe, in damp or low ground, where the
air has a free circulation. T

That which grows on high gravelly ground, is of 3
reddith colour, not much unlike that of red fand ; it is
very brittle, cuts very foft, rots foon, and is neither
good for building nor bur;jng; for it never produces

any
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any flame no more than if it was rotten, for which
reafons we fhall fay no more of it.

That which grows in thick forefts, where the air
has no free circulation, is very tall and ftrait, without
knots, fplits eafily, and has a very fine whitith grain;
it is therefore very good for building, and for any
other carpenters work ; it makes exceeding fine planks
for all forts of cabinet works, its natural colour and
grain being fo beautiful as no other wood can fcarcely
exceed; but as this wood is very tender and fplits
eafily, it is not good for fhip building, and therefore
never to be ufed therein but when no other is to be
had.

The third fort, which grows in foft ground, and
where the air freely circulates, is very hard and tough ;
itis never fo tall nor fo ftrait and fmooth as that in thick
forefts ; but is the beft that can be ufed for building
of fhips; efpecially if it ftands in a wet foil; I have
feen fome that grew in a damp meadow ground which
was o tough that the fplinters would twift like ropes

- without breaking ; If I miftake not, this is the reafon
that the Englifb oak is fo much better for building
thips than any other in Exrope; becaufe the foil where

it grows is generally damp, and low, and the forefts

are not fo thick as they are elfewhere, by which the
air circulates freelyy whereas that which comes from
Norway or other parts of Germany ftands very thick

and in great forefts, for whichreafon itis fo tender and

fo good for carpenters and joiners work..
Fir may likewife be diftinguifhed into three different

forts ; the red, er yellow and the white, and a fort be-

tween both. “The red is by much the beft and the
moft durable; becaufe it is much more impregnated
with rofin or turpentine, which fills it pores, and pre-
vents the water or dampnefs from entering, and there-
fore is more able to withftand the weather than the o-

ther : I believe that this is the fort from which pitch and -

tar is extracted ; this fort is always ufed in works that
K are

—— e — — t——
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are expofed to the weather, and for ftakes, to drive in
the ground, but then it fhould be burnt in the fire and
})itched over while warm, ‘which will preferve it much
onger ; it has likewife been obferved, that it does not
decalz under water; and it is the beft for carpenters
work. : .

The white fort is not fo ftrong nor {o durable, but is
very good for the infide of a building; fuch as for
flooring, doors, wainfcoting, and other fuch like works ;
its colour and fmoothnefs of grain makes it preferable
for that ufe to the red fort ; as to the third fort, it par.
takes of both qualities, is neither fo ftrong and durable
as the red, nor fo beautiful as the white; but ferves
well enough for all forts of timber in buildings where
it is not expofed to the weather, '

* As to the elm or afh, I cannot find more than one
fort of each 3 yet it is likely that the different foils in
which it grows muft make it either tougher, and ftrong-
er, orbrittle; as likewife that which grows in the open
air muft be ftronger than that which grows in thick
forefts. For all timber and plants in genera] grow
ftrongeft in a free air. - o

Beach, which grows in thick forefts, is fofter and
more brictle than that which growsin the free air; and
is very white and tough when young; therefore wheel-
wrights ufe no other than what is very young, and -
what is no bigger than the fcantlings require ; efpeci-
ally when ufed for axletrees, but for fellows they fplic
it into twoonly ; but that which is fawed into planks is
much larger, and ought not to be too old, otherwift its
grainis very coarte and the wood very brittle.

The goodnefs of timber not only depends on the
foil and fituation in which it ftands, butlikewife on the
feafon in which it is felled ; in which archite&s difa-
gree very much ; fome will have it felled as foon as its
fruit is ripe, others in the {pring, and many inautumn
or the fall of the leaves: and there are fome who pre»

Fa tend

A
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tend that it fhould be felled in the increafe or full of
the moon, imagining that all things increafe in the
fame manner; but we fhall leave thefe moon-blind
gentlemen to their own lunatic judgment, and give the
moft rational opinions concerning the propereft feafon
in which timber ought to be cut. ~ Since fap, as wellas
any other moiftnefs, is certdinly the caufe that timber
perifhes much fooner than it otherwife would do ; which
appears from timber expofed to the weather not lafting
fo long as that which is under cover, as likewife that
dry timber, when ufed, is more durable than that which
is frefh cut ; this being the cafe, it is manifeft that tim-
ber fthould be felled when there is the leaft fap in it;
which is from the time that the leaves begin to fall to
the time that the trees begin to bud; that is from the
middle of O ober to the middle of March ; the greateft
number of architects agree with us, that this is the beft
feafon for felling timber.

The weather has likewife an influence over timber 3

for if it be felled in damp and rainy weather, it will not

dry, and if it lies too long inthis ftate, the fap will
moulder and caufe the timber in time to rot: but if the
weather be dry and fair, it is plain that the air will
draw out the fap and the timber will be more lafting.
When timber is cut, the bark fhould be taken off
and let lie for fome time expofed to the fun and wea-
ther, and afterwards cut into rough fcantlings nearly of
the fize they are intended to be ufed, and then laid up
in ftakes under cover to fecure them againft wet wea-
ther and the heat of the fun; for the wet hinders it
from drying, and the heat of the fun fplits it. As

oak feems to contain more fap than any other wood, -

and therefore requires a longer time to dry; the beft
way to make it foon fit for ule, is, as foon as it is cut
into fcantlings, to throw it into water; this has been
found by experience to draw out the fap much fooner
than the weather ; for the outfide will in a fhort time
grow as black as ink, which is a certain proof, that
: water
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water draws out the fap, in a'thorter time than the air.
As to the feafoning of any other kind of timbers, [
never heard of any other method, than to ftake it up
in piles, in fuch a manner as that the air may freely .
pals between ; and to cover it from the rain and the
heatof the fun. The time required for drying timber
before it is ufed is very uncertain, fome forts require
- much more than others: oak muft be kept a great

while ; for the dryer it is, the harder and ftronger it
grows : this we find by experience : for oak of anold
building, or of a fhip, is{o hard fometimes, -that tools
will fcarcely cut it. ' . _

Beach requires likewife a great while drying; and
if it is ufed before it is thoroughly feafoned, it warps
very much ; and it may be obferved in general, that
the heavier the wood is the longer it requires to dry :
it may be known whether any timber is dry and found
by ftriking with a hammer pretty hard at one end, and
if it founds clear and diftin&, you are certain that it is
both found and dry. -

- Fir being a light wood requires lefs time to dry than
any other fort ; fir fcantling for roofing or for any other
ufe within doors, ought to be half dry only; be-
caufe it is then ftrongeft, as we have found by fome
experiments, which fhall be related hereafter; but as
to the boards for flooring and wainfcoting they ought
to be thoroughly dry, otherwife they fhrink and fpoil
the work. . ,

Timber fhould likewife be cut when of a proper
ages for when it is either too young or too old, it
will not be fo durable. It is faid that oak fhould
not be cut under fixty years old, nor above two
hundred; whether this is right or not, it is very
certain that all timbers fhould be cut in their prime
and nearly when full grown, and before they be-
gin to decay; that will be fooner or later according
to the drynefs or moiftnefs of the foil in which they
grow: as alfo according to the bignefs of the trees,

F 3 Y and
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and the kind of  timber: there is therefore no certain
rule to go by in felling of timber, but experience and
judgment muftdirect hereas wellas in many more cafes,

Method of vomputing the [firength of Scantlings.

Mr. Parent.is the firft that we know, who has treated
this fubje® in a {cientific manner, and in order to en-
force his demonftrations, he made. feveral experis
ments, with various fcantlings of oak and firy by

which he found that the ftrength of an oaken feundling

is to the firength of a fir fcantling of the fame (ize as
5isto 6: fo that according to this experiment, fir
wood is ftronger than oak ; Mr. Belicor has alter him
treated the fame fubjeét 5 and made likewife feveral
experiments with oaken fcantlings, but as w the ex«

periment in refpect to oak and fir, he took the foregos

ing proportion for granted. The fame opinion, that
fir is ftronger than oak, has prevailed here; tor, acs
cording to Langley, there was an act of parliament made,
after the great fire in Londsn, to fettle the dimenfions
of fcantlings _in which thofe of oak are always larger
than thofe of fir: But as this appeared to me contrary

to fenfe and' reafon, I refolved to try the experiment

myfelf, and found exactly the contrary, as will be feen
hereafter. As Mr. Parent wasa man of veracity and
charatter, we cannot imagine that he affirmed but
what he really found; his oak muft have been
weaker and the fir ftronger, than any I have met with
which led him into this error,

PROBLEM I,

To deteyrmine the firength of a feantling whofe  dimens
Jions are given, Plate VI, Fig, 1, \

‘We fuppofe that all the fibres of the wood are ftrait,
and of the fame firength in its weakeft part, that is
Where it breaks; for it is no matter how they are elfes

4 - where §
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where ; and that the fibres ar¢ the fame in the fame
fort of wood ; altho’ this is not ftrictly true, yet it is
fufficiently near in pradtice fo as to caufe ro fenfible
érror, : '

- Suppofe the fcantling ABC to be fupported in the-
middle D by the edge of a triangular block R, and
two equal bodies, P, Q, to be fufpendedat A and C,
equally diftant from the middle B; of fuch a weightas
juft to break the fcantling. :

It is evident that the weights P and Q_will caufe
the fcantling to bend at firft fo as to make a kind of a
curvilinear angle at B, -and then to break in that place,
in a fection BD perpendicular to either of the fides
A C: now as the power or force of thefe weights is
more or lefs, according as they are fufpended farther
from or nearer to the point fix D; thefe forces will
therefore be in proportion to the produts of the
weights each multiplied by its refpe&ive diftance from
the fe&tion BD; or becaufe the weights and diftances
are here fuppofed equal, twice the product of one of the
weights P multiplied by its diftance, from the fection
B D, will exprefs the force-of thefe two weights.

Having determined the force of the weights, we are
now to determine the refiftance or ftrength of the
wood ; which is done in the following manner. Let
a cb reprefent the feGion of the fcantling; it isevident
that this area reprefents the fum of al] the fibres to be
torn or broken, and as they are all equal and of the

. fame ftrength by fuppofition ; this area will exprefs the
fum of the ftrength of all the fibres : but as the point
D, or the bafe 24 of the feétion is fix ; and the di-
- reGtions of the fibres perpendicular to the area acd:
the force or refiftance of each fibre is equal to the pro-
dut of its ftrength multiplied by its diftanice from the
bafe a4 : and therefore the fum of all the fibres placed
in the fame line df, parallel to the bafe 2 5, multiplied
by their diftance 4 d, from that bafe @ 4, will exprefs
their momentum or rcﬁgance: What has been proved
4 : in -
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in tegard to all the fibres placed in the line df, is
equally true of all thofe placed in any other line paral-
lel to the bafe 2 4: and therefore the fum of all thefe
produdls will exprefs the total {trength or refiftance of the
wood ¢ But by a noted property of the cénter of gra-
vity, ‘the product of the area acé, multiplied by the
diftance of its center of gravity, from the bafe4 4, will
exprefs the total firength or refiftance of all the fibres ;

orthatof thewhole fcantling. Confequently, havingthe

ftrength of any fcantling of the fame wood determined
by experiment, that of any other may be found.

Fig. 2. If the fcantling A Cbe fupported at both
ends by the triangular blocks P, Q, and the weight
W, hanging in the middle B : then if we fuppofe the
weights P and Q_ in the laft figure to reprefent the
blocks P and Q_in this; and as each block fupports
half the weight W ; it is evident that the weight W,
multiplied by the diftance A B or BC, will exprefs its
momentum or force. ' '

The fame otherwife.

~ Since the weight W, is fufpended in the middle bes
tween the point fix ; it is evident that each block fup-
ports exactly half the weight ; and asthe power or force
- of this weight on the blocks P, Q, is as the product of
half the weight multiplied by the diftance AB or BC
of its direGtion from the point fix : It follows that the
whole force of this weight is as twice the produ& of
half the weight W multiplied by ABor BC: or as
theB w(?olc-weight W, multiplied by the diftance A B,
ooBC, . ' '

"COR. L

Hence, if the length A C of the fcantling between
the points fix A, C, bec; thearea of the fection s ; the
diftance of its center of gravity, from the bafed, and
the weight W, w; then will } ¢t exprefs the forée of

‘the weight W, and ds, the ftrength of the fcantling :
’ - there-
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_therefore the momentum of the wexght is to the mo-
mentum of the fcantling as 3 cwisto ds; oraswis

1024, ;.or if this ratio be given w = 2ds -

¢ I3

From whence we may draw feveral ufeful ConfC‘l
quences, 1. The ftrengths of two fcantlmgs of ‘the
fame wood, and of different dimenfions, or, whith is
the fame, the weights they will bear, are to each other
as the produdts of their feions multiplied by the “di:
ftances of the centers of gravity, from the bafe, divided
by their lengths.

2. The ftrengths of two fcantlings of the famewood,
which have the fame length ; are as the- produdts of
their fe¢tions multiplied by the diftancés of their centers
of gravity from the bafe.

'3. The ftrengthsof two fcantlings of the fame wood,
which have equal fections, are as the diftances of their
centers of gravity, divided by their lengths.

4. The ftrengths of fcantlings of the fame wood,
whofe diftances of the centers of gravity of their fec-
_tions from the bafe are equal, will be to each other as -

their fections divided by their lengths.

N. B. We have taken no notice of the parts of the
fcantlings at each end, which are beyond the points
A, C, andwhich ferve to fupport them on the blocks 3
for they caufe no difference in refpet to their ftrength :
the fame thing may be faid in refpect to the weights of
the fcantlings, which are fo {mall in propomon to the
weights they bear, that there is no occafionto cenfider:
them'; becaufe there is no geometrical exaétnefs re-
qmrcd nor can be attained in practice. Itmay alfo be
obferved, that when the weight hangs between the oint
fix; the bafe to which the diftance of the center of gra-
vity is referred, is the upper furface A C; finceit muft
open and break firft at the lower D; whereas when the
point fix is between the weight, asin the firft figure, it
is the lower furfacc.

COR.
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Fig. 2. If the fe&ion of the fcantling A C bea
retangle placed flat on one of its fides, which we call
#, and its height or other fide 25 then will 25, exprefs
the area of the fé&ion; and the diftance 4 of its cen-
terof gravity frcm the upper bafe, will be & £ there-
fore "the equality found in the firft “corollary,

w:-_.--z--d-f: besomes here 0 = 22 b.- Which {hews,

< ¢ .
that the firength of a reiiamgular feantling laying flat on
ome of its fides.; is as the produl of the [quare of its beighe
osultiplied by its bafe, and divided by its length.

Hence a deal board of an inch thick and ten inches"
broad, being’ placed on its flat fide, and then on its

parrow fide ;. the force in the firft cafe will be to the
force in the fecond, as unity 1s to 10. For the force
in the firft cafe will be as 10 multiplied by the fquare
of unity’; andin the fecond as unity multipled by the
fquare of 10.;, thatis, as10isto 100; or as unity to
10. So that if itbears 50 pounds when it lies flat, it
- will bear 500 when it lies on the narrow fide.
- This is the reafon that all timbers in buildings
are always placed on the fmalleft fide ; becaufe they

will by, this means bear a greater weight, than if they °

were placed otherwife ; and therefore fave a good deal
of timber; and. this in proportion as they are made
higher,

EXAMPLE.

- ‘We may from hence likewife find, whether thé pro-
portions of fcantlings commeonly given by carpenters
are right according to their length ; for which we fhall

choofe the dimenfions of - fir-girders as appointed by -

a& of parliament, after the great fire of Londen; which
are as follows,
i Now

NY Yy
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If we fuppofe, that the di-  |Tength[Breakhj Heighy

menfions of any oneof thefe fcant- ol 5 |16
lings be right, as for example that  fu—1| —
of 10 feet long; then we may find [ 12 [8:5} 19
thofe of any-other, who length is 14| 9 |f0.3
given, in this mapner., Since thefe . | 16 | 9.5 |10-5
fcantlings ought to bear the fame 7%
weight or to be equally Rrong; the s
product of the fquare 100 of the ~ |20 [ 1L | £2

height ‘multiplied by the bafe 8, | 22 |I1.5]| 13

gives 800, which being dividedby | 24 | 12 | .14.
the length 10 feet or 120 nches, .
gives 3 which expreffes the ftrength of the given
fcantling, and. therefore muft be equal to the dimens

: a a .
fions of any other; 2% &z‘;’.

. . ¢ : ,

If we fuppofe the length ¢ to be r2 feet o -144
inches, and the height @, 10 inchgs; - then by fub-
ftituting thefe values into the laft equality, it becomes
10 = ,lloof; and if 20 be:multiplied by 144, and 3

7 ,
by 1003 the former produt-divided by the latter
gives 9.6 inches for the bafe 4, of the fcantling ;5 whicl
1s 1.1 inches more than that above, i

In the fame manner may be found the dimenfions of
all the other fcantlings, whofe lengths and heights are
the fame, which gives the following table.

The breadths of the fame fcant-  [TeogthBeeadtsHeght
lings being compared, it appears, ;
tha%sthofe gwhofcplengths arcpcxz, 20 8 ;m
14, 16, 18, 20, are too little in i_?,f_ R
the former table, and thofe of | 14 |10.1]10.5
22 and 24 feet long, too great: |16 |11.6| 105]
which fhews that practice alone is [“%™[T7 o~
- not fufficient to determine the pro- 1
‘per fize of fcantlingss and that [ 22) IT | 12
without theapplication of mathema- | 22 |} 9 | 13
tical principles, no great improve- | 24 | 9.8 | 14
ment can be expefted in any mes —  chanica

~
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chanical art whatever; notwithftanding what igno-
rant workmen infinuate.

As to the dimenfions of oak fcantlings given by
workmen, we fhall not compare them, till we have
given the following experiments,” we made with great
accuracy, and upon which the reader may depend.

EXPERIMENT L

The fticks ufed in this experiment were 24.5 inches
long from one end to the other, and half an inch
fquare ; they were laid on two truffes well fquared, and
ftood 20 inches diftant from each other; fothat the

length of the fticksis to be confidered as no more
than 20 inches; the remaining part ferving only to reft -

upon; the weights were fufpended in the middle by a
ftring, fuch as juft to break the flicks, and are as
marked underpeath. -

Two dry oak fticks { gg Ib.

A dry fir ftick 46.
A dry elm ftick 31, *
The firft oak' ftick feems to have been thorougly
dry; I had it from the dock, and likely was taken out
of an old fhip; the fecond I had out of the warren as
dry ascould be had; the grain of the wood was ftrait
in both ; butthat of the firlt was finer than that of the
fecond, and of a deeper colour; which, if Iam nat

miftaken, denotes, that the tree was in its prime when

felled.

The fir ftick did not bend fo much before it broke

as the oak ; it was of the reddifh kind, and the ftrongeft
that could be found : As to the elm it bent very much
before it broke; and as this laft is fo weak, we did not

think proper to try any more of it in the following ex-
periments. ‘

E X-

Y
T
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EXPERIMENT IL

’Twé oak fticks cut out of an old axletree{ gi Ib.

An oak ftick cutoutofa fpoke of a wheel 56..5

36.5
. 'Three fir fticks out of the fame piece{ 36
o 6

A fir ftick of an equal feftion, whofe bafe } .
and height were as 2 to 3 . 42:5.

The oak fticks in this experiment had a coarfer
grain than thofe in' the former, and feem to have been
of an older tree ; as to the fir fticks no difference could
be perceived, either in the grain, colour, or any thing
elfe, from the former. o

By thefe experiments it plainly appears, that oak is
ftronger than fir, contrary to thofe made by Mr. Parent,
and common practice: for the weakeft oak is ftronger
than the ftrongeft fir in the firft experiment: in pro-
portionas 25 to 23 : But thofe in the fecond experi- -
ment, make a much greater difference, viz. as 54 to
36; oras 3to2: Andif the ftrongeft oak ftick in
thé firft experiment be compared to the ftrongeft fir;
the proportion will be as 69 to 46; or as 23 to 15+;
oras3to2; that is the fame as before; which is
very confiderable, and therefore deferves to be taken
notice of.

As the ftrength of the fame kind of wood varies
very much, it is impoflible ever to come to an exact
knowledge of the juft proportion between the ftrength
of oak and fir; but we are certain that oak is the
ftrongeft of the two.

As the leaft porportion we have found, viz.'that of 25
to 23, is very nearly equal tothat of g to 8; fo by
making the oak fcantlings lefs in that proportion, there
will be no danger of their being too fmall, only it muft
be noted, that oak ought to have been cut a twelve-
month before it 'is ufed, as we have obferved before,

whereas



»8 . PRACTICAL Set. 3.

whereas fir does not require above fix months feafon.

ing.
' gAs the laft fir ftick had the fame length, and an
equal fection with the others, it is plain thatits ftrength
is to that of one of the others, as the height of the firft
is to the height of the fecond, by what has been praoved

before: and if » be the height of the laft ftick, then -

will 2% beits bafe, and w::zb,orbccaufcaand
3 } 3

X 2xx
~ bareeach L or .5: we have o =.2530r ¥ ¥ =<

+3753 whofe {quare root gives ¥ == .611, or 6 nearly;
that is the ftrength of the laft ftick is to that of any of
“the former as 6 isto 5 : Now if we fayas6isto 5, fo
is the weight 43.5, this ftick bore, to the weight 35.4
nearly, whereas it bore the weight of 36 pouncs; this
difference is inconfiderable, confidering that the weight
cannot be fo nicely obferved, to come within 2 or 3
ounces; and befides, the fticks were not fo exactly
of the given dimenfions, as that no' difference might
arife from thence. So that this experiment, confider-
ing fo fmall a difference, anfwered the theory pretty
nearly. '

HZving determined the proportion between the
ftrength of oak and fir fcantlings, it remains now to
determine the dimenfions of oak girders, from thofe of
firy in which we fuppofe that a {cantling of fir, being
10 -feet in length, 8 inches in breadth, and 19
high, is fufficiently ftrong, and from thence all the
fu_cc:sdin gones both of firand oak have been deter-
maned,

" TABLE L




" Se@t.3, FORTIFICATION. 39

TABLE I Containing the dimenfions of girders,

The' lengths are exprefied in feet, and ’the breadths
and heights in inches. :

FIR. O AK. _
k_;lit_h. |Breadth| Height JLength |BreadthiHeight
10 —_8—{—;6— 101 7 | 10
12 8 ) 1. 12| 7 Vax!
14 9 111 14| 8 |11
16 9 |11.9 {161 8 11.9
181 10 | 12 r |18 g [11.q -
20} 10 |126] | 20| 9 |12.5
22 | 11 “:6| ‘ 22 | 10 |12.5
1241 11 113.2] 24 | 10| 13

For, according to the equality w = 4 tzh above,

if ¢ =10 feet or 120 inches, 4 =10, 4 = 8;

) aab .
then will w == %2 ; and ¥? -_:-_}.,_ s nowif ¢ = 12

feet or 144 inches, 5 = 8; then will 22 = 8aa or
o o 144
aa=120, whofe {quare root is 11 nearly, for the
fquare of 11 is 121. In the fame manner are found
all the fir feantlings: And if we reduce %, in the pro-

portion as g to 8; we fhall have %" for the ftredgth
of "oak fcantlings: that is %0 = aab -

T o ey

¢
Hence if ¢ = 10 feet, b = 73 thenwill 58° =7%4

120
or a a==101, whofe fquare root is 10 nearly; which
is the fame as in the table ; the'reft of the oak fcant-

lings are found in the fame manner,
TABLE
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TABLE II. Containing the dimenfions of fir
Joifts commeon and trimming.

Common. Trimming,.

ngth |Breadth|Height {Cength | Breadth)Height |
6 [ 2|8 51312

8 |2.5|8.2 6 1 3176
913 |8 7 |35[76
o] 3 {84] 8 | 4|76
11 |3.5| 8.1 9 | 4576
12} 41 8 10} 5 17.6

The dimenfions of the firft fcantlings ix; each table,
are fuppofed to be of a fufficient ftrength, and the reft
are from thence determined.  For if ¢ = 6 fect-or 72

inches, # = 2, and 4 = 8; then will e =424 4
¢

and if ¢ =8 feet, 5=2.5; then will ' =2:522,
or aa = 68.26, whofe fquare root is 8.2 ; the fame
as above. .

But if we fuppofe that ¢ = 5 feet, s = 3,and s = 7%

then will 13 == 2=, by which the fecond table is con

firuded. For if ¢ =6 feet, b= 3; then will +2 =

3G —-

i;f;‘i, or 4 =58.8 ; whofe fquare root is 7.6, nearly.,

-

- "TABLE
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TABLE IIL Contammg the dimenfions of fir
brldgmg joifts,

In fmall Buxldmgs. In large Buildings.

{Eength [Breadrh, Height |Length ‘,Breadth’ﬂ" cht

6 |25 5 6 | 3|54

7 125055 7 1 3158

- 8 | 25|59 8 | 3 |6.2
9 | 3|56 9|3 6.6 |

10| 3|6 10| 3 |6.7

11| 3 | 6.2 11 | 4.5]0.8

12| 3 | 65 12} 356171

If we fuppofe thatc =6 feét, b=2.5,a=75;thenwill

128 = ‘15‘_6., by which the fecond table is conftruéted,

andlfc._6 feet, & = 3, 8= 5.4 thcnw:ll 7. ” =

f.%é, by which the fecond table is conftructed. It may

be obferved that carpenters alway allow larger fcant-
lings in large buildings than in fmall ones, and they
mutft be ftronger, than barely to fupport the weight
they are to fuftain.

N. B. The reader will find the feveral names of the
timbers mentioned in thefe tables explained in the latter

part of this work, whcre we treat of timber frames
and roofings.

G TABLE
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TABLE IV. Containing the dimenfions of tie beams

Fir. Cak.

Lenebt Brea .hiden | Linght llzrfdfuh‘l‘h‘lg-h:
12 | 0 [ 12 1 5 | 8.2
10 | 7 15 5 616 87
201 7195 201 v 197

Z: .7 |i0.4 ZT—(;- I_O—(;
28 | § {105]. 28177 |10 6]
22 | 8 |itg) 32 | 7 f11.3
FONEN TS ) N WA TS
40 R 401 8 {2
vy wrm oy N PPN PN

By following ‘tle fame method as before, we fhall
find .;-:_—_.-f_f'j, for-the equaEieé»b-y which the firft
: ¢ aab
table is' conftruted 5 and 7 — —— nearly, for that by
which the fecond is conftructed. © _ o

TABLE V., Containing the dimenfions of the
‘principal rafters. - ‘ o ' '

Of FLir. : Of Oak.
Lenght {Breadth Heicht Le gih Bresdih Feight
18| 4 is5 18| 3 |53
20| « 6.1| - 70_—:— 5.7
(22 | 4 | 6.4 12z 4|6
: ~2—4— 5 6 ) 24 | 4 | 6.3
26 5 1672 26| 4 | 6.5
(s [
30| 5 |67 30 4 | 7
32| 5 |69 32| 5 |65| -
34| 5|71 34| 5 | 6.7
360 5 | 73 36| 5 (69
3‘37 —5—_?5 73\ 5 |71 -
401 5 177 40| 5 172
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Authors give various dimenfions to the principal
rafters ; Mr. Smith gives one fort, Mr. Price another,
and Mr. Langley will have them to to be ftronger at
the bottom than above; but, his is not followed by
any workmen, as I am told; befides Mr. Price fays,
that they fhould be ftronger in large buildings than in
{fmall ones, although of the fame length; I fee no rea-
fon for any fuch praltice; their ftrength ought rather
to be in proportion to the weight of the covering; and
to the diftances they are from each other: as authors
do not agree in regard to the ftrength of rafters, we
have chofe a medium between them, for the dimenfions
of the firft fcantling of each table.

TABLE VI. Containing -the dimenfions of
{mall rafters. :

Of Fir. . Of Oak., |~
.Length Breadth|teight | Length ]5reaath r’if;ght“ o
9 | 23| 47 9 |23 461

o |74 |49| |29 73| 47
411’ 2.5 5 11 | 2.4 4.8}
12 | 2.6] 5.2 12 | 2.5) § |
13 | 2.7| 56:4 13 | 2.6] 5.2
14 | 2.8 55 14 | 2.6 5.3
15 | 2.8} 5.6 15 | 2.7] 5.4
775 5.8 16 | 2.8 55
17 | 2.9(509 17 | 2.8 5.6
18 3] 6 18129158
19| 3 |61 19| 3 |58 .
20 | 3.1 6.2 200 3] 6

Thefe are the tables commonly given by carpenters
and architelts, concerning the dimenfions of fcantlings;
but as their exactnefs depend on the dimenfions taken
out of other authors, of the firft {cantling of each ta-

- G2 v ble,



84 PRACTICAL Sedt. 3.

ble, fo that if they are not right, all the reft are like-
wife falfe; but as we always took the fhorteft, which .
are the likelieft to have been ufed, and found to be of
a fufficient ftrength, it is prefumed that the other fcant-
lings given here are all ftrong enough; and perhaps
more {o than they need to be. '

EXAMPLE IL

Fig. 5. Letare@angular fcantling be placed edge-
ways, fo that B D be the diagonal, and let the fides
ftjll be reprefented by 4, and 4; shen will d=

- d
1 Waa - bb; and therefore the equation w = 245 ; be-

in this cafe ; and finced or the dia-

2a
comesw =

¢

onal BD is greater than any one of the fides; the
%cantling will bear a greater weight in this pofition,
than if it were placed flat on one of the fides: But as
wood will yield at the point B, by the force of the
weight fufpended there; the ftrength will be found
fomething lefs than is exprefled by this equation.

EXAMPLE.

Let the fetion of the fcantling be a circle, whole
diameter is 4, and area s ; then will w = %< be the
' ¢

equation, which fhews that the force of a cylindric
fcantling, is exprefled by the area of its fe@ion multi-
plied by its diameter, and divided by its length; and
therefore is to the force of a fcantling whofe fetion is
the circumfcribed fquare; as the area of the circle to
that of the circumicribed fquare.

It is alfo manifeft, that the ftrength of a triangular
fcantling, when laid flat on the bafe, is double the
ftrength when the edge is undermoft, {o as the bafe be
~ parallel to the horizon. For the diftance of the center

- of
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of gravity from the bafe is half the diftance of that
center from the vertex,

PROBLEM IL.

Do find the weight o feantling A C will bear, when
it is fufpended any where between the points A and
- Fig. 3. ‘

‘Since the block P, which is neareft to the point of
fufpenfion B, fupports a greater part of the weight
than the block Q, which is fartheft from it; we are
to find the parts of the weight which each bears, in
order to folve the problem. By the known rules of
mechanics, the whole length A C of the fcantling
isto any part A B or B C, as the whole weight W, is

to the part fupported by the block Q or P. " If there- .

fore we call AB, m, BC, ", and the reft as before ;
wehave ¢ : #: :w: 22 = to the part fupported by
' "

the block P; andc:m::w ;2% = to the part fup-

¢
ported by the block Q : Whence thefe weights being

multiplied by their refpe@ive diftances A B, B C, give
nmw Amw

“ﬂ’
¢

im : 2 mutt be équal to the ftrength d s of the wood

by problem the firft, which gives 2 ”Cm Z=ds or

, for their momentums, and the fum

w= ﬁ;ﬁ for the weight required,
If we fuppofe the weight to be fufpended in the
middle, then will # 5= m== ¢; and the laft equation

becomes w = Eii;'; which is the fame as in the firft
. p; )

bl 1) .
:pl'O em G 3 ! If



86 PRACTICAL  Sc&. 3.

If the fcantling A C is rectangular, and its bafe be
b, altitude z; then willab =y, and d = % a; thefe
values being inftituted into the equality above, gives
aabe ' :
w= .
4nm S
Since, when the weight is fufpended in thé middle,

T aa .« . .
we have @ = w—— ; it is evident, that the ftrength

(3
of the fcantling when the weight is fufpended in the-
middle, is to the ftrength of the fame fcantling, when
the weight is fufpended nearer to one end than the other,
as 4nmis to cc: Confequently the weight any fcant-
ling will bear when fufpended in the middle being
known; the weight which that fcantling would fupport

at any diftance trom either end, may be found by the
laft proportion. ’

EXAMPLE,

Let AC be 20 inches, and the fection half an inch
{quare ; fuppofe the fcantling to be of fir, fuch as we
ufed in the fecond experiment, which bore 36 pounds 3
and let A B be 5 inches 3 then will B C be 15; whence
4nm= 300, and ¢ ¢ = 400 3 therefore §cO: 400:
36:48 =to the weight the fame fcantling would.
bear being fufpended at the diftance of 5 inches from
either end. : ‘ -
~_ This fhews, that in buildings, it fhould be avoided
as much as poffible, to place the weight in the middle
of a beam, fuch as king pofts are in roofs ; and there-
fore it is more advantageous to ufe prick-pofts inftead
of king-pofts; this is likewife what carpenters do in
moft buildings where there is no partition wall to fup-
port the beam in the middle. ’
Fig. 4. It may likewife be obferved, that a fcant-
ling A C of the fame ftrength with the former, will
bear two weights W, W, each of 48 pounds, when
their diftances AE, F C from the ends are 5 inches :

this
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this appears plain from the foregoing example, becaufe
thefe weights will caufe the fcantling to break in two
places. - v ,

Mr, Parentis the firft we know, that has fhewn how
to cut the ftrongeft fcantling pofiible, out of a given
tree: As this may be ufetul in praétice, becaufe timber
merchants are fenfible that the fquare is the greateft
figure that can be infcribed in a given circle, and for -
which reafon they chufe.to make all their timbers fquare,
as being moft advantageous to them; we fhall infert
the following. :

PROBLEM IIL

Let AFBE, be the circumﬁrence of a tree out of
which it is propofed to cut the firongef reclangu-
- lar feantling that is poffible. Fig. 8.

Draw the diameter D G, at right angles to the paral-
lel fides AE, BF, interfeting AE inP; then be-
caufe the ftrength of the fcantling is exprefled by A E
X A E x AF, as has been proved in the firft problem;

but by the property of the circle, we have A Pl* =
DPxPG, and AF =12 CP; therefore the ftrength
of the fcantling will likewife be expreffed by 8 D %x
P G x CP; now becaufe this expreflion is the greateft
of all poffible, when the fquare of C P is one third of
the fquare of CD, by article 247 of our Elements of
matbematics; or which is the fame, when the fquare
of the bafe A F is one half of the fyuare of the altitude
A E : For becaufe the fum of the fquares of CP and
P A, is equal to the fquare of the radius C D, by the
property of the circle : and therefore if the fquare of
C P is one third ; the fquare of P A will be the two
thirds of that fquare, confequently, the fquare of
A P muft be double the fquare of CP; or the fquare
of A E double the fquare of A F.

G 4 . CON-
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CONSTRUCTION.

Fig. 7. Divide the diameter A B of the tree into -
three equal parts at CandD; and from the points C
and D of divifion, draw D E perpendicular above,
and CF, below the diameter; then if the points of
interfe&tions E, F, of thefe lines and the circumfe-
rence, are joined to the extremities A, B of the diame-
~ ter; the reCtangle A EBF, will be the greateft that
can be infcribed in that circle.

For becaufe A D is two thirds, and D B one third
of the diameter A B by conftru&tion, the fquare of
DE, will be two nirths, and the fquare of A D four
ninths of the fquare of the diameter; therefore the
fquare of A D is double the fquare of D E ; and by the
fimilarity of the triangles AD E, AEB; the fquare
of A E is double the fquare of E B. )

It has been obferved a great while, that when the
bafe of a fcantling is to its height as 5 to 7; that it
was nearly the ftrongeft of all the fcantlings whofe
fe@tions are equal, and infcribed in a circle; and be-
caufe the fquare of 5 is 25, and that of 7 is'49; the
former being nearly half the latter, exceeding by an
unit only ; this obfervation perfectly agrees with what
has been proved in the laft problem.

PROBLEM 1V,

If a feantling be fupported at the ends by two blocks

fP,fQ, not plac{d in the fame borizontal line, and
the weight fufpended in the middle, to find the
Sirength of this feantling. Fig. 9.

From the point C in the vertical line, paffing
through the edge of the higheft block Q, draw CE
parallel to the horizon, ‘meeting the direétion of the
weight in L, and the vertical line drawn through c;hc

edge
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edge of the lower block Pin E ; then becaufe it has
been proved in the firft problem, that the weight W
multiplied by the diftance of its direction from one of
the points fix, exprefles the momentum or force of that
weight: thatis W X C L exprefles the momentum :
but the force of the wood has likewife been proved to -
be as the produét of the fection multiplied by the di-
ftance of itscenter of gravity from the point B. There-
fore if we call C E, », and the reft as before; we fhall
have L nw =ds, by what has been proved before,
confequently w= 3_’_‘5.5 ‘

' ds
Hence, becaufe we have w = .2__..., when the fcant-
¢

ling lies horizontally, and ¢ exprefles its length : the
ftrengths of the fcantling in thefe different pofitions
are to each other reciprocally as the diftances of the di-
rections of the weight from one of the points fix ;
that is the ftrength of the fcantling in this oblique po-
fition is to its ftrength in a horizontal pofition, as C B
isto C L ; or as the radiusis to the cofine of the in-
clination LCB. |

For example, if the {cantling A C bears a weight of

- 36 pounds, when placed horizontally ; to find what

weight it will bear when it makes an angle of 15 de-
grees ;. then becaufe the cofine 9659 of that angle is
to the radius 10000, as the weight 36 is to a fourth
term, which gives 37.2 pounds nearly. :

But if the angle of inclination is 60 degrees; then
becaufe the conline of this angle is to the radiusas 5is
to 10; the fcantling will fupport a weight 72 double
the former. Whence itis plain, that as the angle of in-
clination increafes, fo the ftrength of the fcantling in-
creafes likewife : and when that angle becomes a right
one, or the fcantling becomes upright, its ftrength is
not to be exprefled. But becaufe the fibres of wood

- are not always ftrait, and give way when preffed very

hard,
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hard, it is very poflible to prefs an upright fcantling
fo as to give way and break.

This problem is ufeful in finding the refpettive
ftrengths of fcantlings which are joined together, with
different angles of inclinations; fuch asin the roofing
of any building, and thereby fave unnecefiary expences.

Fig. 10. It is rot fufficient that the ftrength of .

fcantlings may be found, there are likewife fome pofi-
tions that are more advantageous than others, which
ought likewife to be known. For initance, let ABC be
the pitch of a roof, and a ftrut EF, is to be placed
fo as to fupport the rafter A B in the beft manner: I
fay that when EF, is the bafe of an ifofceles triangle
AEF; or, which is the famc, when it-makes equal
angles with the tie-beam AC, and the rafter A B, itis
in its moit advantageous pofition ; for the ftrength of
this piece is proportional to the diftance of its direction
from the point fix A; but the perpendicular drawn
from the point A to the bafe E F is the greateft of all
when the triangle is ifofceles : Confequently, this is the
beft pofition that the piece can have. -

But if the ftrength of the tie-beam AC, is to be con-
fidered, and there is no party wall to fupport it in the
middle, the cafe is otherwife ; forin that cafe the piece
muft be upright as G H; becaufe the nearer the point
G approaches the point fix C, the lefs ftrength is re-
quired to fupport the piece G H.  Hence it is manifeft,
that a {cantling may be moit advantageoufly placed in
refpet to its own ftrength, but nor in regard to other
fcantlings to which it is joined: And cenfequently, in
the framing of timbers for a building, not only regard
muft be had to the ftrength of the {cantlings themfelves
but likewife to thofe to which they are framed.

PR O-



Set.’'3. FORTIFICATION. g1
~ PROBLEM V.
To find the firength of thhe principal rafters AB,

BC, fi as to be proportional to that of the tie-
beam AC. Fig. 10.

Let the bafe of the rafters be #, and their height
2 %, that is double the bafe as they commonly are made: .
Let the bafe of the tie-beam-A C be 4, its altitude 4,
and half its length AD, #; then the ftrength of the

rafter will be exprefled by 4% by the laft problem ;
. . . n . )

and that of the tie-beam by aza”b by the firft ~problem ;
therefore -¢_x3_ 24t by, fuppofition, or 8 ¥*=aad;
Y _ ,

_ whence the cube root will be 2 x = ,i/,, 2b.

 Hence becaufe the length A B of the rafters does not-
enter into the equation; it is evident, that whatever
the pitch i§, the cube root of the bafe of the tie-beam
mutltiplied by the fquare of its height, will always.
give the height of the rafter. For example, a fir tie-
beam of™ 12 feet long, is made 6 inches by 8, accord-
ing to the tables given before; then becaufe s = 8,
b=06; we get aab= 384, whofe cube root is 7.2
inches néarly ; for the height of the rafters, and hence

. we get 3.6 inches for the bafe. I

I? the beam A C be 24 feet long ; then the bafe is
7 and height 10.4, according to the foregoing tables : -
whence 6= 7, a=10.4; and hence sab=1757.12,
whofe cube root gives 9.1 inches nearly, for the height,
and 4.5 for the bafe of "the rafters.

In the true pitch of a roof the principal rafters are
the three fourths of the tie-beam, which being here
fuppofed to be 24 feet long ; and therefore the length
aof the principal rafters, will be 18 ; and according to
the fifth table, their bafe is 4 and height 5.53; which

: dimenfions
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dimenfions are therefore in no proportion to that of

the tie-beams. But then it muft be confidered, that
the rafters are always fupported by ftruts or uprights,
which, bearing a part of the roof, ftrengthens them
and weakens the tie beam.

Thefe are nearly all the different problems we could
thinks of, that may be ufeful in framing of timber
works ; which the reader aught to be well acquainted
with, if he defigns to make any progrefs in the art of
building 3 for what is found in moft authors on archi-
teture, relates chiefly to practice, which alone is not
fufficient to make any improvements: and it is no
wonder, that for fo many ages as architeGture has been
cultivated, there has been fo little Frogrefs made, fince
very few had any knowledge o
mathematics, which are neceffary to be known, and
therefore I advife the reader to make himfelf mafter
of them; before he enters upon the pratice.

The theory of timber given here is of very great ufe
both in civil and military architeéture, fince we are
taught thereby not only how to find the proper ftrength
of {cantlings in refpect to their length, when placed in
an horizontal pofition, but hkewife when framed to-

gether, according to any angle of inclination, which-

prattice alone could never have determined, 'to any de-
gree of exaltnefs : the entering into all the different
applications that may happen in prattice, would require
more room than can be allowed in fo fmall a tract as
this; for which reafon, we fhall give as much of it
hereatter, as will be fufficient to young engincers, far
whom this work has been pubiithed. ‘ o

PART

thofe parts of the-
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P A R T IL.

Containing the Knowledge of the Mate-
rials, their Properties, Qualities, and

" Manner of uﬁng them.

ing the feveral works of a fortrefs, itis neceflary

to be particularly acquainted with the feveral .
materials of which they-are compofed, in order to dif-
tinguih. their good and bad qualities, how to prepare
and ufe them, in the beft manner, that the works may
be durable.and lafting ; which ought in all fuch great
undertakings be the principal view of an engineer, who
is anfwerable for its fuccefs or mifcarriage; this he is
by nomeans able to perform without having a thorough
knowledge of all the materials of which it is compofed :
But as thefe materials differ in their qualities in differ-
ent parts of the country, where they are to be ufed; we
fhall explain firft their general properties, and afterwards:
in what they differ in different places. - ;

BE FORE we enter into the manner of build-

SECT. L
Of the QuaLiTy of SToNes fuch as are

‘wfed in BuiLDINGS.

NTONES may be diftinguithed into two forts,
ﬁ that is into hard and foft ; the hard ftone, is that
which is expofed to the open air, fuch as rocks, and"
thofe which lic loofc upon the furface of the earth, and

. in
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in feparate blocks : the foft ftone is that which is found
in quarries and under ground ; it is undoubtedly true
that the hardeft ftones make the moft lafting works ;
but as there is feldom a fuflicient quantity of thcm, to
build the whole foruﬁcatlon, the beft ferve in the fa-
cings of the works, in the foundations, and wherever,
the works are bathed with water: for as the foundations
fupport a great weight, they muft be made ftrong ac-
cordmgly, or elfe the works will foon be deﬁroyed
therefore the outfide of rocks or the upper ftones of quar-
ries, being the hardeft, are ufed for that purpofe.

Altho the ftones of fome quarries are very foft and
ealily worked when they are freth taken out, yet
when expofed for fome time in the open air, become
very hard and durable: therefore an engineer, who
is employed in any particnlar place, may at all times
know by the inhabitants, which of the quarries, if feve-
ral, produces the teft ftones; he may liRewife find by
the buildings of fome ftanding, :the quality: of thenr;
this will enable him 10 referve the beft for fuch works
as require moft ftrength, and the fofter fort may be ufed
in the infide of the walls: but where there is but one
quarry, he muft examine whether fome part is not bet-
ter than others 3 in fhort, a judicious choice of the ma-
teriais, properly adapted, may render a building more
latting, than ufing them" promlfcuouﬂy, as carelefs
builders frequently do.

But if it happens that there is no quarry which has
been opened long enough, {o as to judge of the good-
nefs of the ftones, or where he is obliged to open new
ones, heought to expofe the ftones for a twelve month,
at leaft, to the weather, both to heat and cold, beforc
he employs them; then if they .do not fphnter after a
froft, or do not moulder into dirt, when rubbed, he
may be affured that the ftone is good : and on the con-
“trary, if they fplinter or mou}der, itis a certain proof of
their bad quality. _

5 . M
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Nr. Beyle pretcnds, as he has ‘been informed by
workmen, that thereis a fap in ftones as well as in
timber, by which the fame {ort of ftone and raken ouc
of the fame quarry, if dug at one feafon, wilk moulder-
away’in a very few wmcers, whereas if they are dug
at another fcafon, it will refilt the weather for a meat
many years, not to {ay ages: butas he does not men-
tion what feafon is beﬂ:, nor gives any reafon for what he
advances; no rule can be gathered from what he fays :
we may fay thus much, thatthey fhould always be dug
in the {prirg, fo as they may have time to dry before
the cold weather comes in ¢ for the heat of the fun wiil
extract the greatell part of the moifture which otherwife
expands in froft y weather, caules the ftone to fplinter,
as it has been obferved to do ; altho’ lhe ftone is other-
wife hard and good.

Thefame author fays III\CerC, that fome fort of ftones
will decay ina few years; and others will not attain their
full hardnefs in thirty or forty years, nay even in a much
longer time; and befides that there are quarries in
fome places of folid and ufeful fories; that, though being
dug at a certain feafon of the year, prove good and laft
ing, yet when employcd in a wrong time, moulder away,
and perithin a few years, That there appears a feminal
fpirit, if I may callit fo, in ftone, is very probable; but
whateffect it has upon the ftone-when feparated from its
ftock is very uncertain, and therefore cannot be known
but by a ftrict inquiry of a long courfe of practice.

The manner- of drawing the ftones out of quarries,

* requires particular notice to be taken: for almoft all
ftones lie in horizontal beds or ftratas ; thatis, they
cleave in that direction; and they have likewife a break-

ing one, which ‘is perpendncular to the former, both

- which dire@ions muft be obferved.- The method of

drawing ftones out of quarries is thus: having uncoped
lt, that is, having removed the earth from the ftone,
it muft be obferved where it will cleave, and there

1€
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it is locfened from the rock, which being done, you
next proceed to break it, which is performed in this
manner ; you mark the breadth of the ftone with a ruler,
and then cut a fmall chanel in which a number of wedges
are drove, from four to fix inches diftant from each
"other, flowly and all together, left the ftone fhould
break acrofs and not according to the mark ; but it
may be obferved, that this method is not always to be
ufed, becaufeall the parts of a ftone are not always of an
equal hardnefs, butin fome places it may be hard and in
others foft, which is perceived in the cutting the chanel,-
and thofe wedges which are in the fofter parts, are drove
deeper than the other, in fuch a manner that all the
‘wedges may prefs alike : this has been found by experi-
ence to be the beft way of breaking ftones.
Having thus broke them in length, which the ftone-

cutters can do, as they pretend, to any fize within lefs -

than half an inch, which is fufficient for any rough
ftone; then you proceed to break them in breadth in
the fame manner as before in length. When thefe pre-
cautions are taken, the firft expence is greater than if
they were broke any how ; but then there is little wafte
in the ftones, the workmanthip will be lefs, and faves
expences in the carriage. )

But when the ftone is very hard they will not cleave
fo eafily; for the workmen are then obliged to cut a
pretty deep chanel, and fo wide as to lay two iron bars
in it, and to leave room befides for the wedges to be
drove in between them, by which means the ftones may
be broken, which could not be done otherwife.

The workmen make at other times ufe of gunpow-
der to blow them up; which is performed in this man-
ner : they make a fmall hole with achifle, of aninch or
a little more in. dfamegar; fometimes vertically, and at
others horizontally, as is moft convenient, and as deep
as they want to blow up ftones; this hole being cleaned
clear of all duft and rubbifh, they putin fome powder,
then the reft of the cavity is filled with the fame ﬁt:)ne

~ cat
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beat into-duft, and rammed in as ftrongly as they can ;
in doing that they place a wire in the middle to preferve
a vent to fet fire to the powder, and the rammer is hol-
low in the middle to receive this wire ; this being done,
and the powder fired, breaks off as much ftone as they
pleafe; and the pieces are broken into fuch blocks as are
wanted. This way of breaking them is much cheaper
than any other, but waftes a great deal more ftone, for -
which reafon it is never ufed but where it is fo plenty as
that the fmall pieces are no lofs, and which may ferve as

- rubble to fill up the infides of walls.

There are feveral -kinds of ftone; as marble, fire
ftone, purbeck ftone, ray ftone, alabafter, free ftone
and common ftone : of each we fhall fay fomething in
their order. ' \ ‘

Marble is of various colours, as white, black, grey,
green, fome varied with fpots and veins like the roots
of trees; their nature and ufe are too well known to
require any explanation ; the marble found in England
is moftly black, and fo very hard and difficult to polith, -
that very lictle. ufe is made of it, except toburn and
make lime; which is frequently done about Plymoutb,
where fcarcely any other lime is ufed, as I am in-
formed. ‘

The fire ftone comes from Reygate, and ferves chief-
ly for chimneys, hearths, ovens, and ftoves, being a
dry porous gritty ftone, which bears the heat without
breaking, and it is, I fuppofe, onaccount of this quality
that it has the name given of fire ftone.

Purbeck ftone is a hard greyith ftone, and ferves
chiefly for paving, coping of walls, and for all fuch
ufes where ftrength is required, as being the moft hard
and durable ftone, after the Phymguth marble, we know
of ; it is found upon theu“ncar the fea
fide. - e

Rag ftone is that which is commonly ufed in paving,
and is of ablueifh kind : but there is a ftone called Kent-
#/b rags that are very ufeful 1& building ; they fplit ve-

. , ry
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ry eafily and yet are very hard ; a great quantity of this:
ftone has been ufed in Weftminfier bridge; they are
brought down the river Medway from fome place near
Mau{/iane ' .

Alabafter isa clear whitifh ftone not unlike marble ; it.
is very plenty in fome parts of Jzaly, but there is. noneto
be found in England excepting in fome parts of Scotland,
where it is faid to be very plenty, and ‘much ufed for '
making lime, which is exceeding good.

Free ftone is that which comes from Port/and, an
ifland near Dorfetjbire, andis commonly called Portland
ftone : this ftone is chiefly ufed in and about London,
in all great or finall buildings ; itis a fing whitith ftone:
without any veins, but very dear; for it cafts about
ninepence a cubic foot upon the fpot and 16 cubic
feet weigh a ton : this ftone is very foft when it comes
out of the quarry, works very eafily and becomes very
hard intime; the piers and arches at #¢ffminfier bridge
are built with it. There is likewife a quarry of free
ftone at Bath, of which moft houfes are builc there: it
has a fine whitith colour, but I am informed that is not
durable, and therefore is not fo fit for great heavy.
buildings as the Portland ftone. ,

When the ftones are drawn out of quamcs and only
roughly {quared, they are called athler, but when they
are {quared and finithed, receive other names from the
fituation they are placed. It may be obferved that
when ftones are laid in the fame pofition as they are
found in quarries, that is flat or horizontally, they will -
tnake better work than if they are laid any other ways:
and they will cement ftronger together ; this the work-~
men will not always obferve, unlcfs care be taken to
make them do fo.

PR

SECT.
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| | SECT IL
: Of BRICKS.

, RICKS dre made here of various kinds and co-

; ‘lours ; and have various pames, as clinkers, famel

" .or fandal, ftatute bricks, didoron, tetradoron,. penta-

' dofon, ¢tompafs, concave, fedtheredge, triangular,

¢cogging, place and fock bricks. ‘
' The compifs bricks are of a circalar form,  their ufe
is for fteening of walls; the concave or hollow bricks
are like common bricks on one fide, but onthe other
théy have a cavity, femi-cilindrical, about three quar-
ters of an inch deep, and half an inch broad, fo thatif
two of thefe bricks dre placed with their hollow together,
they are like a pipe of an inch and a half bore ; theyare
vfually a foot long, 4 % inches broad, and 2 % thick,
they are generally laid in clay, and ferve inftead of lead-
en or wooden pipes to conduct water, as being much
cheaper than any other materials.
" Coggingbricks, are moftly ufed in Suffex, to make
théir work toothing or indented work under the cope-
ing of walls built of great bricks: they are about ten
inches long, 4 broad, and 2 % thick. Copeing bricks
ate about 12 inches fquare, and 4 thick, flat under-
heath, and one third above is femi-circular, and the
two ends flat. ,

‘Clinkers are dothing elfe than thofe common bricks
that lie in the middle of the kiln or clamps, where
they are fo much burnt, that théy arcasif they were
gi«zed all over; thefe bricks are always dearer than

the reft of the fame make, and are chiefly uled in
four dations, and facing the walls, efp:cially where
any water comes near the wall, as bein(g the moft du-

' Hz ' ‘Pidoron
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Didoron were a fort of bricks ufed by the antients of
a foot and a half long, anda foot broad, but nearly as
thin as common tiles. Great bricks are 12 inches long,
6 broad, and three thick; they are generally ufed in
fence walls, made with pilafters or buttreffes, and in
copeing. This manner of building walls faves great
-expences, and they will ftand as long as if they were
every where of the fame thicknefs.
 Paving bricks are made of various fizes and forms,
from 6, 8, 10, and 12 inches fquare, and an inch and
a quarter more or lefs thick ; thofe in the form of an
hexagon look beft ; they ought to be of good earth and
thoroughly well burnt, otherwife they will moulder away

.in a thort time,

Place bricks differ not in form, butin the mannet of
making them, being of the common dimenfions, viz.
g inches long, 4 4 broad, and 2 + thick, as the ftatute
brick ; they weigh nearly five pounds each, though
fome will weigh 5% ; this depends on the quality of the

earth they are made of, and on their being well burnt :

A cubic yard contains about 460 bricks nearly; which
at five pounds, makes two tons and 300 weight per
cubic yard.

_ There are two ways of burning bricks, in kilns and
in clamps; a kiln is a large hole in the form of are-
verfed fruftum of a cone, that is with the leffer bafe
below, buile with brick, and a fufficient quantity of
carth about it, to keep the heat inas long as is poffible ;
the bricks are not laid clofe together, but leaving
fmall diftances between them, that the heat may pafs
between ; and the fire is made underneath, where
an opening is left for that purpofe: This way of burn-
ing bricks is efteemed the beft, becaufe the figure
of the Kkiln, and the wall about it, are fuch that all
the bricks within are nearly burnt of the fame hard-

- nefs; but where there is a great quantity required, it

takes up much time to burn them, for which reafon

they ufe clamps in this cafe; which is nothing elfe -

than
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than a great fquare or oblong pile of bricks laid fo as to
leave a {mall interval between them, for the heat to pafs
to the external parts ; about this pile earth and bricks,
which are not fufficiently burnt, are laid to keep the
heat in. About London, where they have plenty of
- cinders, they throw fome between each row, which

helps to burn them much fooner, and with lefs fire than
is otherwife required. o o

An ingenfous brickmaker told me, that he could:
burn bricks as well in clamps as in kilns, provided he
did it with wood ; . but the beft way of burning bricks
for afortrefs, is to ufe both kilns and clamps at the fame
time, in order to have a fufficient ftock of well-burnt
bricks for the facings and foundations of the walls and’
other buildings. L A ’

A bricklayer with his labourer will lay 1000 bricks -
with eafe in a day, when thewall is but brick and a half
or'two bricks thick, and therefore he may lay more in
thick walls ; and fince a cubic yard contains 460 bricks,
he will lay above two cubic yards in a day ; and from -
hence it may be computed how many bricklayers are’
required to finifh a certain piece of work in any givea
time. ’ :

An ingenious man, ufed much in brickwork, pro-
pofed a larger kind of bricks for walls to be built in
water, or in a fortification; their fize were to be 18
inches long, 9 broad, and 4.5 thick, and he affirmed
- to have made fuch bricks in Scotlend, But a London
brickmaker obje&ed againft them; that they could .
not be managed before they are burnt, as being too
heavy, and it would be a difficult matter to burn them
quite through : whether this obje¢tion is well grounded
or not, I fhall leave to thofe who are well verfed in this
bufinefs. :

It is certain, thatif fuch bricks could be made, they
would be very ufeful in great works, both upon dry -
ground and in water, for in the latter cafe, they
would not require fo much terrafs to lay them in as

H3 v - the
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the {mall ones, which, heing very dear, would fave
great_expences. The Greeks and Romans ufed bricks
of 3 feet long and a foot broad, in their public build-
ings, but then they were very thin, that is, about an
inch and a half thick, as may be feen in fome old
buildings, fuch as the old caltle at Cantertury ; but at
prefent brickmakers difapprove all other fizes but thofe
they are ufed to, not caring to go out of their own
road.

An engineer told me, that he joined feveral bricks
together with ftrong mortar to compofe as it were
Jarge ftones, with which he formed the angles of the
fortrefs : this muft certainly make the walls fironger
than by laying the bricks fingly one after another in the
ufual way. _

It is my opinion, that bricks might be made of the
fize of four common ones joined together, thatis 18
inches long, g broad, and 2 % thick: For as they are

no thicker than the ufual ones, they would require,

very little mare burning, and feveral of thefe being
cemented together, might ferve inftead of ftone to
ftrengthen the wall in thofe places where itis moftly
wanted; I propofe this only in fuch places where ng
ftone is to be had, becaufe it is very certain that,
wherever that can be had, it is much better than
bricks. - '

It has been objected, that bricks will not laft in falg
water ; but by confulting Mr. Bratte, the mafter brick-
layer of the ordnance, a man- of great prattice, he
told me, that if the bricks were well burnt, fuch as
clinkers, and made of the fame clay without any mix-
ture, they would laft as long in falt water as any ftore
whatfoever; - as a proof of which he had built the
wharfs at #oolwich and Chatbam, and befides, in fome

other places they were ufed, and without the leaft ap-

pearance of any decay, though a good many years

280.
o A friend
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- A friend -of miné told me, that he had feen piers of
an harbour at Arles.in the fouthern parts of France, en-
tirely built of  bricks, and of fuch an age, that the fea
* has quite left the harbour which is now upon dry land.

. There is a kind of bricks called grey ftock, which
make a very beautiful appearance in buildings, and
are chiefly ufed in and about London, in all front
, walls, which are expofed to view: The Duke of

Norfolk’s houfe in St. Fames’s {quare is built of a par-

ticular fort, the moft beautiful that ever were feen, but

they are very dear ; thefe bricks are made in the coun-
try, and of a compofition which I could not learn, it
being a kind of myftery known but by a few workmen.

Mr. Bratte, our mafter’ bricklayer, fhewed me fome

bricks of a pale whitith colour, the fineft fort I ever

faw ; they appeared to me, as if they were made of red

clay mixed with chalk, are very hard and found like a
hard ftone 3 the infides of the pieces are very {mooth,

without any cavities : If thefe bricks were better

known, I think they would be preferred to any other
fort that I have yet feen.

- The beft way of making bricks, is to dig the earth
before winter, and to let it be expofed to the weather
during the winter, which mellows the earth very much,
and faves a great deal of labour in preparing it, and
the bricks thould be made in April, May, Fune, or Fuly;
for after that feafon the weather grows damp, and then .
they will not burn fo well ; and it is pretended by able
bricklayers, that bricks fhould be two years old before
they are laid, in order to make good work, and no brick-
work fhould be made after the month of Auguft; be-
caufe the mortar has not time to harden before the damp
weather comes in; by which it peals off, and the works
require new pointing the very next fummer, as [ have
‘been myfeif an eye-witnefs to fuch works. '

As bricks are nothing elfe than artificial ftones to
fupply the want of real ones, there is ho doubt but
their durablenefs depends on the goodnefs of the mate-
- H 4 rials,
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rials, well mixt, prepared, and well burnt; and there-
fore, an engineer that propofes to make good works,
muft be very careful in his choice ; but the beft way
to prevent any impofition, is to have the bricks made
near the place where the fortrefs is to be built, by fkilful
workmen, where the engineer, or thofe under him,
may obferve the workmen, fo as to perform their work
in a proper manner; and the government will have
them much cheaper than to buy them by contraét, as
is the cuftom.

SECT. IL
oOf LI ME

IME. is made of all kind of ftones, that will
calcine 3 that which is made of the hardeft ftones
_is the beft, and the worft of all is that made of chalk ;
the way of knowing whether a ftone is calcinous, is to
take a fmall piece, the fize of a walnut, and burn it
in acommon fire, and after it is red hot, to let it cool,
and then fling fome water on it, and if it {moaks and
diffolves, it is a fign that it calcines ; but the eafieft way
of knowing upon the fpot whether a flone will cal-
cine, is to carry a fmall viol of equa fortis with yous
by letting fall a few drops on the ftone, it will boil and
difiolve a part of it, if the ftone will calcine; but if it
lies upon the ftone like oil, and does not ferment, you
. may be certain that it will not calcine.

I have tried a great many forts of ftone, firft with
agqua fortis, and then in the fire, and have found the
experiment to anfwer : I was told that free-ftone, fuch
as comes from Portland, would not calcine, but I
found the contrary by both experiments; others pre-
tend that flint and a kind of gritty pebble ftone make
the ftrongeft lime; but all the trials I could mallcg

LT wou
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would not calcine them; for which reafon, I am of
opinion, that they make no lime, and thofe-who pre-
tend they do, have it only from hearfay, without any
other proof. . :

It is my opinion, that all ftones that have any me-
tallic particles in them, and thofe that will vitrify, will

- never calcine, at leaft, I always found it fo; but left

I fhould be miftaken, I leave it to the chemifts, and .
thofe that have an opportunity of making more experi-
ments than I, to decide it. ,

Different counties in England produce different
kinds of lime-ftones; in Kent, where there are a great
many chalk-pits, they make their lime of chalk, and
the greateft part of the lime ufed in and about London
comes from thence, chiefly becaufe of the conveniency
to bring it by water, which makes it much cheaper
than any other that is brought by land : But this fort is
the very worft that can be made; it is true, it may
ferve very well for whitewathing, and other things in
the infide of a building ; but as moft buildings are up-
on leafes, people are not {o nice about the ftrength and
goodnefs of the work ; provided it lafts as long as they
want it, it is fufficient. :

I have been informed that about eight miles fro:
Portfmouth, is a chalky rock, pretty hard, that makes
very good lime, and has been much ufed in building
the fortification of that place: although the Purdeck
ftone which is not a great way of, and the fragments of
Portland ftone, make exceeding good lime : I fuppofe
the former lime is ufed, not becaufe it is better, but
cheaper than the other, which is a very bad reafon, fince
all public works, which‘are of great importance, ought
to be made as flrong and durable as is poffible ; for
what is faved by cheapnefs of the materials, is loft by
the fhort ftanding of the works. :

The beft lime in any part of England, is that which

s made of the marble, found near about Plymoutb, and

is very much ufed in all the country thereabout ; the
' ’ Romans
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Rowians and Italians made ufe of no other lime than
that of marble, in all their great and public build-
ings, it being the very beft that can be made, and
of confequence, makes the buildings more lafting than
eny. ather. ‘

Moft builders in this country do not ftand fo much
npon a good reputation, as to make moft money of
their warks ; and few gentlemen enter into the know-
Jedge of building; fo that the works are generally bad-
by executed; provided the outfide of walls appears well,
it is no matter how the reft is. What fpoils the me-

" thod of making ftrong and good walls is, that moft

boufes in and about. Loxdon are built upon leafes, fo
that if they but fland the number of years propofed,
she proprietors are fatisfied, and 'give themfelves no
further trouble ; this caufes the workmen to make their
work in a flight and expeditious manner. .

I am informed, that in moft parts of Scosland there are
exceeding good lime ftones, and in great quantity, in
fuch a manner as to ufe the fame ftone for lime asg
they build: with; ia fome parts they have alabafter,
which makes. as good: lime as marble. In freland, ef-
pecially about Dublin, lime-ftones are likewife fo plen-
ty as to build with, which makes the beft work ; be-
eaufe the mortar unites better with the ftone, than if
the parts were diffimilar.

An engineer employed in any part of the country,
pught to examine alk the different ftones to be had there-
abouts, in ordes to find that which makes the beft lime,
and ought not to chufe any becaufe it is the cheapett,
which, can fcarcely be excufed in private buildings, bue
fuch as will make the beft work ; and fince lime is the
very foul of good manfonry, it cannot be too good ;
but if it fhould fo happen that all thelime in the coun-
try is very bad, he thould get as much from other parts
that is good as to ferve for the facings of the wall, for
fourteen or fifteen inches deep; the reft may be done
with the cheapeft fort. E -

, : Lime
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Lime is burnt in kilns much like thofe of bricks; '
and the ftones muft be broke into pieces the bignefs of
a fift, and more efpecially fo when the ftone is very
hard ; but when they are foft, fuch as chalk, it re-
quires not fo much precaution : Care muft be taken to
burn it every where alike, and thoroughly; otherwife,
thofe parts which are not well burnt, will not flaken
with the reft, and when the ‘mortar is employed, will
diffolve, and difunite the wall wherevcr there is any of
them.

There is likewife lime made of all forts of fhells of
fea fith, which is efteemed to be exceeding good, be-
caufe it dries and hardens in a fhort time, for which
reafon it is mixt with Dutch terrafs, and ufed in all
aquatic works; and, as it is much cheaper than terrafs,
it faves great expences. -

It muft be obferved, that thofe ﬂones taken out of
- quarries which are damp, make better lime than thofe
found above ground and are dry ; it has likewife been
found, that the dryeft part of rock, and which is ex-
pofed to the fun, will make a different lime from
that made of the inner part, which is damp and not
expofed to.the fun: Therefore an able engineer fhould
not anly try the outward parts of arock, or a quarry,
but likewife thofe parts which. are not expofed to the
fun and weather; otherwife he may poflibly rejet the
beft part as ufelefs.

~

| SECT. IV
Of SAND, TERRASS and POZOLAN,

LruopcH there appears very little difference

‘ in fand, yet there is fome which being mixt
with lime makes much better mortar than others: In
common buildings, they always ufe that which is
ncateft at hand, and.i in Londen they beat the rubblﬂ-:c
0
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of demolithed buildings, and ufé it as fand; but in
works of confequence, fuch as thofe of a fortrefs, fuch
a practice ought to be rejefted; the beft materials
fhould be ufed in order to make durable work, for
which reafon greater precautions muft be taken ; and
it is for the fake of thofe works we intend the follow-
ing oblervations.

The beft fand for good mortar is that whofe grain
is not too fmall, which is clear and free from earthy
particles 3 for the fmall-grained fand has been found
not fo good, as being too fine to form a folid body
when mixt with lime. ‘

The manner of knowing whether fand is free from
carthy particles, is to take fome and Tub it in your
hands, and if it makes them dirty, it is a fure fign
that it is not pure, but if it be gritty and leaves no
dirt behind it is very good. If it fhould happen that
no good fand is to be found near the place where it is
wanted, the beft way will be to wath as much asis re-
quired to make ftrong mortar, for facing, and pointing
arches, and other fuch like works; that is, you put a
good quantity into a tub, and fill it with’ water, then
ftir it well with a ftick, and let the water run off;
pour clean water in again, ftir it and letit runout; this
- being continued till the water is pretty clear, your fand
will be clean. .

Sand found in rivers is eftemed the beft, becaufe it
is of a pretty coarfe grain, and motftly free from mud ;
others will have it that fand out of the fea or falt wa-
ter is likewife very good ; but as foy my part, I would
not chufe to ufe it, where good work is to be made,
becaufe falt, if I am not miftaken,-is 2 bad ingredient
for mortar; this will be explained hereafter.

“ It has been found by experience, that fand fhould
be ufed frefh, - and before it has been too much expofed
to the air; for itis faid, that dry fand never makes
good mortar, although mixt with a fufficient quantity
of good lime; and therefore when a large quantity is

brought
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brought to the place where it is wanted, it fhould be
covered fo as the fun may not fhine upon it.

Inftead of fand mixt with lime to make mortar, fe-
veral other things are ufed, fuch as cinders, tiles, fcal-
ings of iron out of forges; but thefe ingredients muft
be well beat, fo as to make a fine powder of them. I
made feveral experiments with thefe materials, and
found when they were well mixt with lime they made ex-
cellent mortar ; fome of which being put into joints of
walls in the month of December, the weather being
very damp, and others kept in a warm room, made
up in fmall balls, that which was expofed to the air
dried as foon,.and grew as hard, as the other: Neither
could I perceive any difference between the mortars made
of thefe different ingredients, for they grew alt equally
hard nearly at the fame time, although fome pretend,
that the fcalings of iron make the ftrongeft mortar.

I have been told by a gentleman, that he has feen

mortar compofed of fcalings of iron, and common

lime, to be ufed in cifterns, and that it grew fo hard
that the water could never penetrate it; but it muft be
obferved, that mortar of this kind is worked with very
little water, in fuch a manner as to become like a
ftrong clay. . -
There are feveral other kinds of powder ufed in
mortar inftead of fand, efpecially for cifterns and aqua-

- tic works ; there is a fort which is called pozolana,

from the name of the place it comes from, which isin
the kingdom of Naples; this powder is of a reddith
colour, and when mixt with lime grows prefently hard
and remains fo although in water.

Another fort made of a foft rock ftone, found near
Collen upon the lower part of the Rbine; it is burnt

- like lime, and afterwards reduced to powder by means

of mills; from thence it is brought to Holland in great
quantities, where it has acquired the name of Dutch
terrafs ; it is of a greyith colour when it is not mixt,
which is very feldom the cafe; becaufe it is very dear,
v e - and
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and abfolutely neceffary in all aquatic works, and fo

they make as much of it as they can. -

. 'We have forgot to mention before, that lime fthould

be burnt with coals and never with wood ; the reafon

given for it is, the coals being ftrongly impregnated

with fulphureous particles, which mixing with the lime

makes it more glutinous; and it has been found that

the mixture of the cinders and the fmall particles of
lime, found in the lime kiln, being reduced to a powder

and ufed inftead of fand, compofe a mortar as ftrong

for aquatic works as Datch terrafs. The reafon of this

appears to be owing to the particles of lime bcing mixt

with the cinders and unflakened ; when they are mixt

with lime they flaken and dry up the watery parfs of
the lime, and leave no more moifture in it-than what is

fufficient to lay hold on the bricks or ftones, and com- "
pofe as it were one folid body.

I have been informed, that in fome parts of England,
which is Dorfetfbire, if I am not miftaken, is found a
foft ftone, much like that of Dusch terrafs, and that it
might ferve full as well in aquatic works; if this be
true, I am furprized that it is not better known, fince
it would enable us to make thefe kind of works of our
own materials, and much cheaper, than to buy them
from the Dutch, who often mix it with other things,
to get the more by it.  As for my part, I do not doubt,
that, if there was a proper enquiry made by fuch as
have it in their power, they might not only find
fuch fort of lime ftone as that which the terrafs is
made of, but likewife the fort which makes plafter of
Paris.

N. B. There is at prefent fuch terrafs, made here,
and fold for eightecn pence.a buthel, whereas the Duzch
cofts two fhillings, and is not better,

SECT.
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How 10 prepare and make MORT AR
I H E manner of making mortdr is quite differént
4

SECT. V.

in diffetent countries, and even in‘the fame coun-
ry by different builders ; the common way in and about
London, is, to lay the lime {tones upon a Heap, and cover
it with as much fand as is thought requifite for making
the mortar ; then they fling fome water on' it, fo as the
Hme may flaken gradually and mix it at the fame time,
which they continue till the lime is flakenéd; when this
is done, they pafs it through a fcteen the nexc day, in
order to feparate it from the fmall ftones, which havé
not been fufficiently Burnt ‘to flaken fo. foon ; after this
they mix it and beat it well ; and ufe it immediately
without any further ceremnony. :

But our engineers ufe. ‘greater precautions; for they

-mix and beat it every 24 hours fora week together, ahd
then' let it lie for a week more, and when they uft i,
beat and mix it again; by this means it will make good
mortar although the lime is but indifferent, provided,
there is not too much fand.put into it.

The proportion moft commonly ufed in the mixing
of lime and fand is, to a buthel of lime a bufhel and a
half of fand; thatis two of lime and three of fand; this

* however is no general rule, for fome lime is fatter of
meore glutinous than others, and therefore will bear a
greater quantity of fand. The common mortar in and
about London has more {and in it than according to the
proportion above: for provided there is juft lime enough
to keep the fand together, the workmen are fatisfied :
and they make large joints, becaufe this kind of mortar
being cheaper than bricks, they get fo much more by
their work, than if they made the joints fmaller ; but if
they are obliged to make good mortar, they make fmaller
joints, becaufe the ‘mortar cofts them more than bri’CIl‘{l:.

o e
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The French make their mortar in a quite different

- manner ; for they dig a fquare hole in the ground, a

foot or 18 inches deep, and large in proportion to the
quantity of lime they intend to flaken; they floor the
bottom with boards; then they throw in lime firft 6 or

.8 inches deep, and pour in as much water as will juft

cover the lime ; which they ftir till the lime ftones are
diffolved ; when this is done they make their mortar in
a few days after : this is the common practice, but in
works of confequence, they cover it with one third of
fand and let it lie for a twelve-month. It is pretended
that the ancients flakened their lime many years before
they ufed it ; and there are fome who fay that freth mor-
tar is better than old : but in my opinion the nature of
the lime fhould be confulted ; for when lime is very
ftrong, by letting it lie too long it will grow hard and
unfit for ufe, as it happend at Metz, as Mr. Belidor fays,
where they let it lie a twelve month, in which time it
became as hard as ftone : but when lime is bad, I take
it, the longer it lies the better it becomes.

Two things are to be obferved, in order to make
good mortar, which are, that no unflackened particles
of lime remain, and not putting too much water in it
when it is Erepared: therefore if lime is kept till every
part is flakened it will be fufficient. It muft Jikewife

. beobferved, that burnt lime fhould not be kept too long

before it is flakened, becaufe it evaporates and the air
makes it lofe its property; but when lime is once
flakened and well covered with fand, as likewife under
fhelter from the fun and rain, it will keep as long as you
pleafe, provided it does not grow too hard.
The water that is ufed in the flaking of lime, re-
?uircs likewife to be confidered ; for if it be dirty and
ull of mud, fuch as is gathered in the ftreets, as they
do at London, it will fpoil the mortar ; it is imagined
that all kind of clear freth water is good ; but I believe

“the fofter. the water is, the better: fome pretend, that

falt water out of the fea may be ufed ; but for my partI
2 ‘ think
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think it muft diminith the goodnefs of the mortar very
much: For it is well known that falt gives way and be-
comes fluid in damp weather, and therefore in winter,
the mortar which is impregnated with falt muft necef-
farily become foft, whereby it lofes the property of
binding bodies together in bad weather, when it fhould
have moft, -

" Mortar that is to be ufed dire¢tly, which ought never
to be done but in cafes of great neceffity, fhould be
flakened by covering it with fand ona platform, and the
water thrown over it little by litle, fo asto diffolve it
gradually, and then paffing it through the fcreen to free
it from the {fmall ftones not diffolved ; ; this bting done,
it fhould be well beat and worked once a day for a week

~and let it lie for another, and when it is ufed, to work~

is well again; and no water fhould be ufed but the firft

‘time: but when mortar can be made betimes, it may

be made in the manner'mentioned above, and let it lie

-for about fix months, which will be fufficient to dif-
“folve all the parts of the lime that is burnt, and the reft
-which are not burnt will not affect the work ; although'

thofe that are found may be thrown away.
The mortar made for ceilings is different froni that
we have been fpeaking of ; it is made of ox or cows

 haip well mixtand tempered with lime and water, with-
-out any fand. The common method of making this

mortar is, one bufhel of hair to fix buthels of lime;
the hairs ferve to keep the lime or mortar from crack-

“ing; and to bind and hold it faft together.

Mortar made of terrafs, pozolana, tile duft, or cin-

~ders, is mixt and prepared in the fame manner as com-

mon mortar; only thefe mgredlcnts are mixt with lime
inftead of fand in a due proportxon, which is about half
and half. As this mortar is defigned for aquatic build-
ings, the reader may eafily imagine that the lime
ufed init ought to be the very beft that can be had : for
which reafon, lime made of fhellsor of marble is what

fhouid be had if poffible, but in fuch works which are
: I

fome-
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fometimes dry and at others wet, inftead of tefrafs,
which is very dear, tile duft or cinder duft may be ufed,
and is efteemed to be the beft mortar for fuch work s
for it has been found that terrafs mortar is not fo good
where the work is expofed to the air.

In fortifications, docks, or piers of harbours, I would
lay all the parts of the works under water with terrafs
mortar, and the reft of the facings, both within and
without, with cinder or tile duft mortar, for about two
feet deep; for if this was done, the walls would not
require to be pointed and repaired as they commonly
do: cellars, and all kinds of arches or vaults, under
and above ground fhould likewife be done with this
mortar : and the cinders out of lime kilns mixt with
the particles of lime ftone, is, in my opinion, ftill pre-
ferable, for the reafons given in fection III. As to cif-
terns, they require terrafs mortar as well as all the works
which are conftantly under water,

The ftrength or goodnefs of mortar dees not only de-
. pend on that of the materials of which it is made, but

likewife on the manner of preparing it : for the work-
men put generally much water in it to make it liquid,
in order to fave labour in mixing it; if this be done,
the mortar will never be good for any thing: but if lie-
tle or no water is ufed after it is flakened, and well beat,
and mixt till it becomes foft, and this be repeated feve-
ral times till it becomes giutinous, you may depend
upon it, that the mortar is good.

A very able perfon, who has been employed a great
while in the works of fortification, told me, that he
wets his mortar very fparingly, but beats it well every

~day for a week, and then lets it lie for a2 week or a fort-
- night before he ufes it, and has it well beat over again :
this method is undoubtedly very good, and ought to be
ufed in all the works of fortifications, fince they are a

,

great charge to the nation, and therefore whoever has

the dire@tion of them ought in a manaer to be anfwer-
able for their goodnefs. :
A con-

~
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A contrary prattice is followed by fome others, who
have the direttion of werks; for I have feen, after
works have been done, the mortar crumble off like fand,
" and when examined, foynd the lime in Jumps, and not
~ half mixc with fand; what can be expetted from fuch
work, Ileavethe reader tq jydge. Others pique them-
felves upon making the work look regular; and will
have every courfe of bricks to be threeinches high : and Jewnh ¢
as the bricks are but two inches and a quarter thiek, the Paudwak
joints muft he three quarters, from whence the gaod-
nefs of the work may be judged: inflead of makingthe
joints fo large, I would ablige the bricklayers to make
them only a quarter of an inch thick, which js (ufficient.

Another obfervation is tq be made, which is, ‘that in
all walls thar have 3 flope, the courfes of brick qught te
be perpendicular to the Qope, and not on the fame level
asis cuftomary ; and this for two reafons ; firft, all ftanes
being cut fquare cayfe Jealt wafte, 3nd are eafier to the
workmen ; and when bricks gre ufed, the joints are
equally thick throughout ; whereas, when the courfes
are on the fame Jevel, they raife the bricks on the out-
fide, fo as to make the flope, which makes them wider
there than within; and when the mortgr is not very
good, the walls require pointing very often. Another
inconvenience arifes, that the outfide of the courle is

erpendicular to the flope 3 brick lepgth, and the reft
ﬁe horizontally, by which they make an angle or bend-
ing, fo that thebricks of the fame coyrfe can neverbind
together, and the outfide of the wall is no more than a
fhell the depth of a brick, fparated frem the reft of
the work,

-

T2 SECT,
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| SECT. VL
Of PLASTER.

LASTER isdifferent from common lime, in
that it compofes a folid body by itfelf, without
mixing either fand or any other ingredient, as is done
in lime. v - ' S
Itis made of a bluifh foft ftone, taken out of quar-
ries, which generally -are at the fide of a hill, much
like the ftone of which Dutch terrafs is made. This
ftone is burnt in the fame manner as lime; and when
cold, beatinto a fine powder, or duft; and when it is
to be ufed, about a bufhel is put into a tub and water
poured in, till it becomes liquid ; then it is well ftirred
with a ftick, and ufed immediately; for in lefs than a
quarter of an hour it becomes hard, and good for no-
thing ; another of its properties is, that it will not beat
mixing a fecond time, as lime will do.

Although plafter is to be found in moft couittries,
yet nobody I know, has given a method to diftinguth
it from limhe ftone: I am apt to think, that it may
poflibly be the fame fort of ftone as that found near
Collen, of which the Dutch terrafs is made ; and if it is
not the fame fort; it comes very near to-it; for it dries
very quick, and makes a very hard body : itis faid not
to remain hard in water, but I never heard that it was

tried with mixing it with lime ; for which feafon, I will-

not affirm it to be the fame as terrafs.

That which is found in a hill near Paris, is efteem-
ed the fineft, and brought to England chiefly to make
bufto’s, and to take off medals, as well as all kind of
ftatuary worksy but there it is ufed in flooring, and
to line the infide of ftone walls, inftead of common
mortat. But the plafter found in this country, being
of a coarfer fort, is chiefly ufed to make floors for

. gentlemens houfes, and for granaries to keep corn in.h
The
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The only way to- know the ftone, is to burn it in
afire, and reduce it to a fine powder ; thenif it grows .
hard immediately after it has been mixt with water, you

“are certain that it is plafter; although the ftone is of a
blue greyifh colour at firft, yet it becomes very white by
burning,  and when mixed with water, it does not fer-

_ment or grow hot like lime. o

Having thus given the quality and manner of pre-
paring the chief materials ufed in works of afortifica-
tion, in the preceding fetions, as far as we poffibly
could from our own obfervations, and what we could'
gather from other authors; to which, if the young
engineer will join his own obfervations with thofe of .
his fuperiors, under whom he is employed, efpecially to
thofe of able workmen, I do not queftion, but he will
be able, not only to judge whether works are. well
exccuted, either in the whole or-in parts, but likewife
know how to proceed whenever he. fhall be employed
as the chief diretor over fuch works, for which reafon,

we fhall proceed to what remains to be faid of this
fubject.

| g - PART
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P A R T I

Cbnfaining the manner of tracing a For-
trefs on the Ground, to make an Efti-

fate, dnd to execute the Works.

SECT L

Sbhewing the UseryLNEss and NECESSITY
- ¢ bulding FORTRESSES. |

HE neceflity of building fortreffes in all

: ftates whatfoever, appears from this inhate
o ptinciple of felf prefeivdtion; fota powets
Ful nation has always powerful enemies 4 fo that by the
lofs of a battle, the whole country is in danger, if the
remainder of the routed army has no place of fafety to
retire into, where they may rally and receive fuccours,
either from their allies, or new-raifed troops from that
part of the country, which the enemy is not yet mafter
of.

It has often happened, that after an army has been
défeated, it hasréceived fuch fuccours in a place of fafe-
ty, as notonly to have been able to fuccour theirowncoun-
try, but likewife drive the viorious army out of the
field with lofs. There are many fuch examples to be
found, both in antient and modern hiftories: Whereas,
if an enemy gets once the viGtory in a country that has
no fortrefles, he is at that inftant mafter of the whole
ftate.

An example of this kind has happened here in
England ; for had there been fome good fortified places,
when William the conqueror entered the country, it

4 would
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would not have been loft by gaining’ of one battle; and
had the town of Genoa been fortified in the laft war, the
Aufirians could not have taken it at once, and been
mafters of the whole ftate, as they did; in fhort, were
it not for the many fortified places in Flanders the Au-
Jtrian dominions in that country would have been ldng
-ago loft.

In fmall ftates and republics, they are no lefs neceffary
than in great kingdoms, in order to refit a powerful
enemy, till fuch time that their allies can come to their
affiftance. To this it may be objected, that fortified
places in a free ftate, may be a means to enflave it by
fome ambitious and powerful man, afiifted by a neigh-
bouring prince ; but as no fuch examples are recorded
in hiftory, as far as I know, and the contrary is evident,
by the ftates of Holland, who have many fortified places,
and yet have preferved their liberty, fince their firft fe-
paration from the Spaniards, it is evident, that this
objection has no foundation. ’

Maritime powers, and thofe who inhabit iflands,
fuch as England, Sardinia, Sicily, €9¢. require no lefs
fortified places; for as an enemy may invade them by
a furprize, andthough his naval force be lefs, yet,
when he once gets afooting, he may either conquer or
deftroy the coyptry. Befides, their trade, on which
iflanders chiefly dep_end, would become very precari-
ous, without having fome ftrong place or other to fe-
cure their effe¢ts in, which otherwife might be fur-
prized and carried off, before an army can arrive to de-
Yend them. Many other arguments might be alledged
to prove the ufefulnefs of fortified places, were it not

. that all the world is convinced of it at prefent, and

,Eherefore it would he needlefs to fay any more about
i, o

~

14 'SECT.
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SECT. IL
Of thir SITUATIONES.

HE - fituation of a fortrefs depends chiefly on the’
reafon for which they are built; for if they arg.

to promote or protect trade, they muft be placed near
“the fea, lakes, navigable rivers, or channels; if they
are defigned to guard a pafs or inlet into a'country,
they are placed on hills or high ground, that from
thence they may infilade and defend that pafs, and fo
as not to be commanded by any other adjacent hill; or
near the pafluge of a large river; and if they are to fe-

cure a country from an invafion, they muft be fituated

in fuch a manner, that the enemy muft attack them be-
fore he can advance any farther; and in cafe he fhould
pals by and leave them behind, they may cut off his
communication with his own country, whereby his
conyoys may become precarious and difficult; and

therefore muft either advapce farther or elfe befiege

them. _

In iflands, the beft fituations™ are upon the coafts,
and in fuch places, where an enemy may eafily land,
and where the garrifon has a fafe communication with
fome inland town, to rcceive fuccours and fubfiltance in
~cafe of an attack ; or if there are any great rivers, that
ron into the fea, and where fhips may come up into
the country, there fhould always be one or more for-
treflcs built near them, in fuch places, as may prevent
the fhips fiom paffing by, without fuficring greatly
from the cannon placed there, and wherc theapproach is
very dangerous.

In an ifland of no very great extent, whofe coaft is
of an ealy accefs, in moft parts, and where it is im-
poflible to fortify every one; the beft fituation for a
fortrefs is the middle of theifland uponarifing ground §

becaufe
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becaufe troops may beft be fent from thence to any
part, .to oppofe the landing of an enemy ; but this for-'

trefs {hould be pretty large, that, in time of need, the:

inhabitants of the country may retire into it with their’
cattle, and other moft valuable effects, and help to de-'
fend the place, till the enemy is obliged to retire, either
for want of provifion, or having no hopes to'get mafters’
of the place. =~ = =~ L
But if the ifland is conﬁderable, it is not fufficient:
to build - fortreffes near the moft convenient landing'
places, but there fhould likewife fome be built in the
pafles, to prevent an enemy from entering farther into
the country, in cafe he fhould land, notwithftanding’
the forts on the coaft; or at leaft to ftop and protraét
time, fo as the country may rife and come to oppofe
him. .. _ < : -
In fmall ftates, that lie in an open country, which:
cannot afford the expences of building many fortreffes,
and are not able to provide them when built witl
fufficient garrifons and other neceflaries for their de-
fence, or thofe whofe chief dependance confifts in the
prote€tion of their ‘allies ;. the beft way is to fortify

their capital, which, being made fpacious, may ferve as

a retreat to the inhabitants in time of danger, with
their wealth and cattle, till the fuccours of their allies
arrive. '

If a fortrefsis built near a river, lake, or fea, it
muft be confidered whether it fhould ftand quite clofe
to the water fide, or at fome diftance, fo as the works
may not be battered by the thips; whether an enemy
may eafily land thereabouts, and attack it by land;
whether the fhips may come clofe, or the water is
fhallow; when the water is fo deep that fhips can come
up clofe to the walls, the parapets muft be'made high,
and thofe that can be feen from the main top, fhould
be covered above with canvafe, planks, or with any
thing elfe in time of fiege, to cover the. troops behind
them. : '

N When
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When a fort lies fo near the water, that it may be
battered from the fhips, itis in danger of being foon de-
ftroyed by the fuperiority of their fire; on the con-
trary, when the water is fo thallow, that the fhips can-
not come near enough to batter in breach ; care muft
be taken that the enemy may not land in their boats,
and ftorm-. it by land; to obftru& which, redoubts or
batteries muft be buiit, to refit both in front and in
flank 3 and if they cah land any where beyond the reach
of cannon, thefe redoubts or batteries muft be fortified
allround with a wall and good ditch, that they may
pot be fuprized in the rear; as we did at Cape Breton,
where the large battery fronting the entrance of the
harbour, was furprized, and.the guns turned againft
the town, by which it was obliged to furrender; this
would not have happened, if the precaution mentioned
above had been ufed. '

In a place where there is a harbour, fome parts or
other of the fortrefs fthould command it, if poffible;
for though redoubts and batteries are made to defend
its enterance, yet if the enemy finds means to deftroy
fome, and paffes by others, the harbour lies open for
the thips to come in, without any farther obitacle: and
as thefe defences are at fome diftance from the fortrefs,
they are always taken either by ftratagem or main
force; as being feparate from the garrifon, and are
not eafily relieved. But if part of the fortrefs com-
mands the harbour, the fhips are never fecure in it
till the place is taken, which is all that can be ex-
pected.

Itis true, that the entrance fhould not be neglected ;
for wherever there is a.point of land that commands
the approach of an enemy, it fhould be carefully fe-
cured by fome work orother; and as it often happens
that fmall rocky iflands lie in the entrance, which,
when properly fortified, are very advantageous in the
defence of it: Nothing conduces fo much to the fafe-
ty of a place, fituated ncar the fea, or navigable river,

, . as
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as thofe works which keep the enemy’s fleet at a dif-
tance ; fince thereby their main firength is of no ufeto
thert13 and though they fhould make a defcent in fome
part or other with a few {mall pieces, yet thefe may be
ealily repulfed by the garrifon. As thefe kinds of fitua-
tiohs are the moft ufeful to a trading nation, we have fo
much the longer dwelt upon the method of fecuting
them in the beft manner pofiible.

When an old fortrefs i3 to be rebuilt, the engineer
ought not to rely too much on the capacity of hith who
had made it firft 5 he fhould confider whether there is
no othér fituation thereabouts, that might be better
than the former; whether the old works were properly
adapted to the nature of the ground; how much ex-
pencé will be faved by building upon the old founda-

~ tions; whether it i¢ too big or wo little ; whether by

following partly the old plan, and building the reft ina
different manner, it would not be better than to follow
it inall its partsy or whether by chufing another fitua-
tibn, it would not be too expenfive in relpe& to the ad-
vinhtage gained thereby; in fhort, he fhould leifurely,
and well confider every minute circumftance, in erdes
to form a true idea of the fituation, the figure of the
works, and the confequences refulting therefrom, before
he determines his choice. o

An engineer, who is truly confclous of the truft re-
pofed in him, ought to be extremely cautious in all his
underrakings, and well confider, that he is, or ought
to be, anfwerable for all extraordinary and . ufelefs ex-
pences, which he caufes to the nation, either for want
of fkill, or’ inapplication; and if a nation was rightly
fenfible of the truft they putupon them, Iam perfuaded
that they thould be very careful, and well examine thofe
who are defirous to enter inte fuch employments, be-
fore they admit them. N

An engineer requires much greater fkill in arts and
{ciences, than is generally imagined ; for it is not fuffi-

cient to know how todraw plans, profiles, and land-

IPS!
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fkips; to underftand a few propofitions-in geometry, or

to know how to build a wall or a houfe; on the con-

trary, he ought to be well grounded in all the moft ufe-

ful branches of the mathematics, and how toapply them
_to practice, natural philofophy,.and architeCture; have a

good notion of all kind of handicraft works; and above

all things, to be well verfed in mechanics. »

., Asthe variety of nature is infinite, fo it is impoffible.
to defcribe all the different fituations, where fortreffes

fhould be built; it requires the greateft fkill:and.
knowledge to fix upon fuch as may anfwer beft all the
different expectations; and as the building and main-

taining them is attended with very great expences,

when they do not anfwer the intent for which they are.
built, they are heavy burthens to a nation, without any
confiderable advantage : for which reafon an engineer
ought ferioufly to confider what he is to do before he
begins fuch an undertaking : It is my humble opinion,
that the choice of the fituation, and the making a fcheme
of afortrefs fhould not be intrufted to any fingle per-

fon; on the contrary, theexpence of fending fiveor fix
upon the fpot, and in concert making a proper choice of
the place and works, would be mare than faved in the
execution, -

SECT. IL

OBSERVATIONS relating to the SITUATIONS
of PLACES,

N the former fetion we have treated of fituations in
general, it remains now to obferve the particulars
which are neceflarily to be known, before the fcheme
or project of a fortrefs is fixed upon. The firft thing
to be confidered, is to know whether the air is whole~
fome ; for it would not be for the intereft of a ftate, to
build a place of that kind without the inhabitants
beingin a way of increafing, in order that there ml:;y
. i ¢
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be no.occafion of fending often a-fupply of people ;
befides, a garrifon in fucha place, would continually
weaken to fuch a degree, as would make the taking it
very eafy.

This may be known by the colour and ftrength of
thofe who live there, or near the place; -and if itis'not
inhabited, it may eafily be known by the fituation ;.
becaufe if it be furrounded by low and marthy g oround

the place is . certainly unwholefome; on the contrary,
if the place is a dry foil, and produccs plenty of wood
and grafs, and there are a great number of birds, or

wild animals, it is no lefs certain, that the fituation is
wholefome and fruitful.

"The next thmg to be confidered, is to know whe-
ther there is a plenty of fiefh and wholefome water,
fufficient for men and beafts, for without that, ne
place ought to be fortified, unlefs it may be fupplied
by fome fpring not far off, and ‘which an enemy can-
not cut off in time of a ficge; otherwife, it would be -
impofiible to defend it for any time. It may be ob-

Jerved, (that all {fweet waters are not equally wholefome 3

for it has been found by experience, that very clear
and well-tafted water, has occafioned parricular dif-
tempers to thofe that drank it conftantly. Befides, as

fome waterg will cure diftempers, why fhould there be

none of contrary qualities? The airof fome places is
efteemed unwholefome, when it 'is rather the water
that occafions the diftempers. It has been pretended,
that the lighteft waters are the beft to drink : but Mr.
Cotes, in s Hydroftatic le@ures, has compared the
weights ‘of all the different waters that he could get,
even fome of the river Garges, which is efteemed the
beft in the world, but could not find any fenfible differ-
ence in their fpecific  gravity ; if this be the cafe, its
geodnefs cannot depend on its lightnefs, but rather,
on fome quality imbibed from the foil, through which.
it runs, which cannot be diftinguithed by the tafte:
Others fay, with fome. juftice, t.hat if water. be boiled

‘ : a good
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a good while, and let ftand for a time, till it is quite
cold, and when no fettlement isfound at the bottom of
the veffel, it-will be wholefome ; this may be better
known, by ufing the fame vefiel for fome time, and
then obferving whether any fediments are found 5 for
there may be fo little at firft, as not to be perceived,
yet in length of time may gather fo much as to make it
appear quite plain. _

I have been told by a gentleman of veracity, that
very clear and well-tafted water, fpringing out of a,
rock in Ireland, petrifies every thing on which it falls,
in a very fhort time: Therefore water of that quality
can never be wholefome, either for man or cattle, :

Water feems to receive its chief quality from the
nature of the foil, through which it runs, as we have
obferved before ; as for inftance, when it comes out of
a rock, or of a gravelly foil, it is clear and cold ; that
which comes out of chalk, is foft and milky ; and that
of a marthy foil, brackith ; this latter fort is the worfk
of all. ‘

If the inhabitants, or thofe who live near the place,
are {ubje to any particular diftempers, more than
thofe in others, either the water or the air is unwhole-
fome ; it may eafily be known, whether the air is good
or bad; for if there is any ftagnated marfhy water ad-
jacent to the place, the beat of the fun draws up the
corrupted particles, which fall in the cool of the night,
and infect the air; but if there be no fuch places near
about, the air will be good. It is faid, that in bad air,
the livers of birds and animals are full of fpots; but
wheth-r this is fo or not, I cannot fay, '

Next to the water, fuel tomake fire is to be confidered ;
it muft therefore be enquired, whether there is wood,
coals, or turf to be had near at hand, or may be
brought to the place at an eafy rate, either by land or
water :. this article is very neceffary, efpecially in north-
.ern climates ; befides its ufe in preparing victuals, wood
ferves for moft forts of handicraft works; in fhort,

o - every
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every thing that is neceffary for the fubfiftence and
conveniency of a garrifon muft be confidered, before
" the conftru@ion of a fortrefs is undertaken, becaufe the
expences which attended fuch works, are always very
- great 5 and confequently, every individual circumftance
ought to be examined and carefully confidered before-
hand. :
In the .next place, it muft be obferved, whether
there are materials to be found for the building of the
place, either upon the fpot, or near at hand, fo as to
be tranfported at an eafy rate; fuch as timber, ftone,
ot brick, lime and fand, or whether chey mmay be partly
had on the fpot, and partly brought by water; for if.
the greateft pare is o be tranfported by land frem fome
diftance, the expence will be fo exceffive, that the ut-
moft importance of the place only can excufe the build-
ing it. :
glf it be a place near the {ea, or a navigable river,
where a harbour is to be made, it muft be carefully
confidered, on which fide the fartrefs is to be placed,
both in refpect to the landing of the goods, and to the
defence of the harbour, as likewife, where the fhips
may ceme as clofe to the quay as pofiible. ~

In a fortrefs built to promote and prote& trade, it
muft likewife be confidered, whatkind of goods are to
be found in or near the place, ‘what might be brought
by fhips from foreign parts, and what might be ex-
ported, in exchange for thofe manufa@ured there, and
whete to be carried to market. . ,

It may happen, that in fome places, fuch as ifllands
and fome ather places, where there are wery few things
o be had for exportation, yet if the harbour is conveni-
ent for thips to come in, when diftreffed by weather, or
the place may ferve as a miagazine o bring and depo-
fite Haropean -commodities, to be from thence tranf-
ported by veflels, to fome other market; or elfe,
fréfh water is t0 be found for fhips, when no other

place
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place is near at hand, as is St, Helena 3 fuch fituations
may be fortified, and become very ufeful.

There are many fituations in inland.countries, which
we have not taken notice of here, and yet may be ad-
vantageous for building large fortified places, becaufe
their ufefulnefs depends on too many circumftances
to be enumerated ; therefore we fhall obferve in gene-
ral, never to build a large fortification, excepting near
navigable rivers, which may ferve for conveniency of
trade, and to be a ftrong barrier to a ftate; or to ftop
a pafs, through which an enemy might enter into the
country ; for where there is no river, he may pafs by
‘and leave the place behind him ; hills that command
any of the works, or hollow roads, through which an
enemy may approach, fhould be avoided ; and .in ge-
neral, the ground fhould be level and free from trees,
or any other thing, which may favour an approach un-
der cover, for a mile all round. :

SECT. 1V. '
Ho?v to _maﬁe the PLAN of a FORTRESS.

HEN a flate has refolved to build a fortrefs,
an engineer is to furvey the fpot of ground,
upon which it is to be, very exatly, and to dfaw the
plan of it very diftinctly, on a large fcale, which muft
extend at leaft as far as cannon fhot beyond any of the
cutworks, together with feveral fections or profiles, fo
as to exprefs the heights of the moft material inequali-
ties of the ground; if there be any river or ftanding
waters near it, their breadth and length muft not only
be taken and exprefled in the plan, but likewife all the
foundings, in order to know whether any fhips or fmall
craft can come there. '
If there be any hills or high grounds, or hollow

-roads near hand, they muft be carefully exprefled,
: . both
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both in the plan and fetions; after which the engi-
neer' muft compofe a memorial,. containing an .exact
and diftin& account of the nature and fituation of the
ground; if rocky, hilly,-marthy, or even; if there is
a river, whether it is navigable or not; or if there be
a lake; whether it- may be ufeful for navigation, or to
ftrengthen the workss if there is a good fgoundation to
‘build upon; whether there are fprings or river water to
be had for the ufe of the garrifon; and wood, coals, or
turf, for fuel. o

- If the materials of which it is to be built, are to be
had upon the fpot, or, if at any diftance, how they are
to be brought by land or water; the nature and quali-
ty of the materials ; their prices, and that of the work-
manthip ; and above all, whether the works are to be
built with ftone or bricks, where to be had, whether
any quarries are near hand, or proper clay to make
bricks, and fuel for. burning them; where to ger the
lime and fand, -whether the materials are good, or but
indifferent; in fhort, it muft contain every thing re-
quired for the building of the place, and for its main-
tenance, ,

This memorial, together with the plan and profils
of the fituation, being laid before the council, which
has the dire&ion of fuch works; who ought to fend
three or more of the moft able engineers to the place,
in order to examine every particular, and-to obferve,
whether the plan and memorial are both conformable
to the fituation ;. if not in all particulars, to correct
them ; and when they are fufficiently acquainted with
every thing, to make a plan of the fortefs, in con-
junétion, conformable to their inftru&ions, and the
confequence of the place.

For it is my humble opinion, that fuch an under-
taking fhould never be trufted to the judgment of one
fingle perfon, ever fo well qualified, as it is too often
the cuftom ; and when they all agree in their opinions,
a fair plan is to be made on a fcale of 30 fathoms to arlnl

'K o inc
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inch at leaft, with proper profils, in order to lay them
before the council, with a new memorial, expreffing
their reafons for making fuch works preferable to any -
other, with references to the plan, and why the for-
trefs is made of that extent. :

C But in cafe the engineers fhould not agree in all the
barticulars; feparate plans muft be made by each, and
the reafons given in writing, in order to be decided by
the council, which of them is to be made ufe of ; all
this thould be done with the utmoft candour, and with-
out any views of intereft, or preference in refpett to
capacity, or any thing elfe whatfoever, contrary to the
true intereft of the nation.

" In making the plan of a fortrefs, particular regard
muft be had to the three following confiderations :
1. The expence neceffary for the building of it. For as
itis generally very great in fuch undertakings; by in-
creafing it without neceflity, or the importance of the
place requiring, it inftead of being an advantage, it
becomes a burthen to the nation.

2. The number of troops required to guard and defend
it, together with the quantity of artillery and ammunition
for a fiege. For if this expence fhould be equal to, or
exceed the revenue or advantage arifing from it; it is
plain, that, inftead of being an advantage, it would be a
difadvantage.

3. The extent or capacity of the place, with refpeli to
the [pace taken up by the works of fortification.  For if
it fhould happen, as we are not without examples, that
the town could not contain a fufficient number of _
troops to defend it, befides the inhabitants, it is evi-
dent, that it may be taken with lefs expence than an-
other of fewer works, rovided with the fame number
‘of troops; as each wori would be capable to make a
proper defence; and confequently, a great expence
‘would be thrown away on fuperfluous works to no
‘manner of purpofe. .

4 , There
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There are many_other’ confiderations to be had ; as
that the works fhould flank or defend each other in
the moft dire¢t manner poffible: that the communica-
tion from the body to the outworks, may be eafy and
fecure, as well as thofe from one work to another : that

" the works are properly adapted to the nature of the

fituation 5 'if the ground is low, tenaillous, lunets, or
fecond ditch and covert way ought to be made; if
level, ravelins and covert way only; if there are any
hollow roads leading to it, fome works that flank it in
a dire& manner; if there are any hills or rifing grounds
that command fome of the works, little forts or re-~
doubts fhould be made there, with a fecure communi-
cation to the fortrefs ; or elfe traverfes are to be made
in the works themfelves, efpecially, if they are feen in
the rear : If theplaceis large and of great confequence,
horn or crown works are ufeful to fecure the gateways, -
or a fpot of ground which might be advantageous to ag.
ehemy: In fhort, engineers fhould be fparing in their
works, to make no more than what are barely neceffary,
and whereby vifible advantages are gained, both on
account of faving expences in the building, and in the
maintenance of a garrifon to defend it, and in every
thing elfe neceffary for its defence.

When an old place is to be fortified, that has fome .
work¢ ftanding, the director ought to endeavour to find
the reafons which engaged the builder to make thefe
works; which being known, he muft confider whether
they anfwer the intent, and if not, how to change,
either partly or the whole, fo as to anfwer better, to
make ufe of part of the old works, 'if not the whole s
and never demolifh old works to build mew ones, with-
out abfolute neceffity, in order to diminifh the expences,
I have feen projects for demolithing old works and to
build new ones in their ftead, which were.not fo good -
by much. This will always happen, when an engineer
is entrufted with works, that does not -underftand his
bufinefs ; and thofe very people, are generally the moft
‘ ' 2 - ambi«
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ambitious to fhew their own performances, whethet
right or wrong. )

Situations which are partly fortified by nature, fuch

as when there are any precipices, rocRs, or which are
partly furrounded with water, are very convenient 3
for the other part may be fortified at an eafy rate, be-
fides the place.requires but a fmall garrifon to defend
it. - When the fituation is rocky, care muft be taken
to make ufe of the rock for the facings of the works,
. as much as will agree with-the plan, which will fave:
expences ; blowing up the higheft parts to raife the
~ lower ones; but it muft be taken notice, that each
work is to be of the fame level, or nearly fo, every
where, and that the inner ones rife gradually above
thofe before them.

When the plan of a fortrefs is fixed upon, the pro-
fils muft be determined, and it muft be confidered,
whether the works are to be wholly faced with walls
or partly, how much the height of the body is to ex-
" ceed that of the out-works. Engineets vaty very much
in their opinions, in refpe¢t to the heights of the
works; Mr. Vauban made the body of the place 6 or
8 feet higher than the ravelins, and thefe higher by 6
feet than the glacis : Mr. Cocborn did the fame nearly, |
but made his capital ditch narrow and deep, whereas
the former made it wide and fhallow ; the latter covers
the wall of the body very much, fo that it eannot be
battered for above three feet below the horizon, brings
the works clofer to each other, and makes their de-
fence fhorter; the broad ditch, on the contrary, dif-
covers the- wall to the very foundation; but when the
ditch is dry, works may be raifed in it fo as to make a
good defence ; the paflage through it to the breach
may be obftruéted and difputed for a long while. As
for my part, I think a middling width is preferable to
a large one ; that is, I would never make the capital
ditch above 16 fathoms at the falient angle of the baf-
tion, when the exterior fide of the polygon is 180 fa-
- * v ’ ) thoms’




Se@t.4c FORTIFICATION. 133
thoms, and fo in proportion so the length of the
fides.

The reafons given for making high ramparts, are,

that they cover the houfes and other buildings better
than low ones, and that the enemy may be fired at
from all the works in the fame front, without incom-
moding thofe in the outworks. To this it is objected,
that when the works rife gradually one above the¢
other, the enemy may ruin the defences all at ance,
from the firft batteries he makes, and then may advance
without having any thing elfe to fear than the fire of
fmall arms ; befides the rampart of the place becomes
very high, and, of confcqucncc, increafes the expences
confiderably. : '
" On the contrary, if the works were made nearly all
of the fame height, the guns-placed in the inner works
cannot be difmounted till the onter works are taken,
excepting by fhells; but.the chance of difmaunting
them is fo very little, that it may ke looked upon as
inconfiderable.

Another material advantage arifing from this method
is, that the height of the body of the place is much
lefs than the former, and therefore the expence of
building it confiderably diminifhed : As to not being
able to fire at the enemy from all the works at once,
it is of no confequence; becaufe the outward works
will hold as many guns as are required to keep the
enemy at a diftance, and, as he approaches, thefe guns
may be brought into fome -others, when it is nat fafe
to keep them longer there. '

For my part, I would make the heights of the works
fo as to terminate in a right line drawn fram the para-
pet of the body to the extremity of the glacis, becaufe
by this means great expences would be faved ; the ene-
my muft batter the works one after another, and there-
fore raife as many batteries as there are works; befides
you may at any time fire en barbet from any of the
works you pleafe, or is found moft convenient,

R K 3 Mr.,
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Mr. Vauban ufed to raife his revetements as high as
the parapets, excepting at New Brifac, where they are -
"not above 3 or 4 feet above the level of the fields : and
to build very ftrong counterforts behind them ; where~
as Mr. Cochorn, who was more faving, made them
only even with the level of Bergen-op-zoom.

This method is very good, becaufe it faves great ex~
pences in the building, and when the place is befieged,

the enemy can batter but a very little part of the wall §

" it requires more time to make a breach, and lefs ex-
pences to be repaired ; whereas when the wall reacheg
quite up to the top, by battering it as low as can be,
the upper part tumbling down all at once, makes 3
breach inajxort time; and the expence of repairing
them is very great. :

Some will have the walls to begin from the bottom of
the ditch, without making very decp foundations. It
is certain, that the burying fo much mafonry under
ground is of no other advantage than to fupport the
walls above them: And when a foundation can be
made firm with piles or other ways, it would fave greag
expences. This may be done in wet ditches, becaufe the
wood being always under water will never perith; but
it is not fo in dry ones, unlefs the bortom is very good,
the piling cannot be depended on; befides the founda-
tions in the faces, where the breaches are made, thould
be as deep as can be, becaufe the enemy’s miners wil.l
otherwife carry galleries under the wall and blow it up,
in lefs time than the bréach can be made by cannon:
But in the gorges or counterfcarps where no breach can
be made, nor any danger apprehended for making mines,’
it would be extravagant to lay the foundations any deep-
c;; than is juft neceffary to fupport the wallsabove
them., ' ' ' L

.. SECT,
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SECT. V.

7> make the ofiimate of @ FORTRESS,

HE N the plan of a fortrefs is drawn with pro-

per profils and elevations, and every thing ex-

prefled on paper that can be dene, or is neceflary ; all
the angles and lines not given by the conftruction,
muft be foupd by trigcnometry, according to the man-
ner of the fpecimen given in our Elements of matbema-
tics, page amg: The quantity of mafonry  muft be
computed in thé manner taught, in page af, ‘as well
as the excavation and tranfportation of the¢arth, and
the expences of making the ramparts, parapets and
. glacis: then if the prices of the feveral materials are
ﬁnown in the country where the fortrefs is to be built ;
it will be eafy. to make a proper eftimate of the ex-
pences that a flate will be at, in order to have the work
exccuted. , o
As it is impoflible to determine the prices of the
materials, which change in every place, according as
they are near or upon the fpot, and as the labour is
dear or cheap; we fhall content ourfelves here, to
give only the quantity of work of all the material
parts ; which together with the experience an engineer
muft have before he is employed in fo great an under-
taking, and the knowledge of the form ufed in the
country, to reprefent it to the directors of thefe kind
of works in a proper manner, will be fufficient for ouy
veader to underftand what is neceffary upon fuch an oc-

gafion, ’

- To compute the QuaNTITY of MASONRY,

~P‘late: VI. Fi'g. 1. We fhall fuppofe, - that the for.
refs is 3 regular pentagon, with ravelins, covertway
K4 and

‘1:‘}".
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and glacis; that the exterior fide A B is 180 fathoms,
the faces A H, BE, to b¢ 50; the perpendicular CD,

o,  according to Mr. Vauban’s firlt method/. .No,w

caufe we haye found in our Elements, page a4 the
flanks to be 27.27 fathoms, and as there are 103 the
fum of their lenghts will be 272.7 fathoms, or becaufe,
we fhall exprefs all the contents by cubic yards, which-
is the ufual method herein England, and each fathom
i two yards, the fum of the lengths of all the flanks
will be 545.4 yards We have likewife found in the

fare page, that the length of the curtain F G, is
- ¥6.39 fathoms ; and as there are five, the fum of their
lengths will be 381.95 fathoms, of 763.9.yards: And
fince the faces AH or BE, are 50 fathoms by con-
firuction, the fum of 10 faces will be 500 fathoms, or
3000 yards, : »

It may be obferved, that it is the fame thing to mul-
tiply each length by the number of fquare yards con-
tained in the profil, or fo multiply the fum of all the
lengths, by the fquare yards contained in the 'profil ;
whence by adding the fums of the lengths of the faces
1000, the flanks 545.4, and that of the curtains, 763.9,
we fhall have 2309.3 yards, for the fum or total of all
the lengths of the body of the place.

. Fig. 2. Now if the height of the profil ABCD,
be 30 feet, or 10 yards, from the foundation AD ta
the cordon BC; the reft of the parapet is fuppofed
to be of earth only; then if the wall is of ftone, ac-
cording to our tables, the thicknefs BC above will be
5 feet, and that A D near the foundation 11. In order
to find the area ABCD, we muft add the two parallel
fides A D and BC, which gives 16 feet, and multi-
ply half the fum 8 by the height A B, 30, which gives
240 fquare feet ; and fince g {quare feet make a fquare
yard, if we divide 340 by g, we fhall get 26 % fquare
yards for the content of the profil; exclufive of the
foundation A DIH, and the counterforts; ther;for?

' -4
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if we multiply the total length 2309.3, found above by
26 2, we fhall get 61581.3 cubic yards for the content
of mafonry contained in the body of the place, exclu-
five.af the foundation and the counterforts.
If we fuppofe the foundation A H to be 6 feet deep,
- and 12 broad, as they are retangular we need but mul-
tiply the bafe, 12 by the height 6, which gives 72 fquare
feet or 8 fquare yards for the area of the foundation :
and therefore this content multiplied by the total length
2309.3, gives 18474.4 cubic yards for the foundation,-
In order to find the content of the counterforts, we
muft confider that their whole heighth H B is 36 feet ;
the length of the bafe H K, 8.6 feet according to our
tables: and if the diftances from.the. center of the one
to that of the next be 16 feet, their breadth will be 4
feet by what has been faid in the firft fection : whence
multiplying 8.6 by 4, we get 34.4 feet for the area of
the bafe or 3.8 % fquare yards; and this multiplied by
the number of yards, 12, contained in the height gives .
45.8 2 for the content of one of the counterforts: The
number of counterforts is found by dividing the total
length of works, by the diftance between the center of
one counterfort to that of the next: and fince the total
length has been found to be 2309.3 yards, and the di<
ftance 5 1 ; we fhall have 433, for the number of coun-
terforts; and as the content of all the counterforts is
equal to the produé of the content of one multiplied
by their numbeér; it follows that 433 multipled by
45.84, gives 19860.2 yards for the fum or total content
of all the counterforts. 'Whence we get for the quanti-
-ty of mafonry of the body of the place
wall 61581.3.
The content of theq foundation 18474.4.
counterforts  19860.2.

Total content 99915.9.

——— § ——

Having
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Having found the quantity of mafonry contained in
the body of the place, the next thing is, to find that
contained in the faces of the ravelins, which we fhall
fuppofe 24 feet high, and whofe profil is reprefented by
the third figure, the thicknefs above B C near the cor:
don is 4 feet 4 inches, and near the foundation g feet
11 inches, the fum of the two parallel fides will be 14
feet, 3 inches, half of which multiplied by the height
24, A B, gives 171 feet, or 19 yards exaétly, for the
content of the arca A B C D of the profil, exclufive of -
the counterforts and foundation. o
 Now becaufe the faces of the ravelins, are 51.75 fa-
thoms, according to our Elements, page 2153 and ten
of them will be 517.5 fathoms, or 1035 yards; this
length being multiplied by the area 19 of the profil,
gives 19665 cubic yards for the content of mafonry of
the five ravelins, exclufive of the foundation and coun-

terforts.

Suppofe the foundation to be fix feet deep, and 1t

* broad, then the produc of 11 multiplied by 6, gives

66 fect for the fection of the foundation, or 7 3 fquare
yards ; now if this content be multiplied by the total
length 1035, we fhall have 7590 cubic yards, for the
content of the foundation,

. The length L A of the caqunterforts is ¢ feet, and
the height H B 30, including the foundation ; there-
fore the area of the counterfort K B, will be 210 feet,
or 23 4 fquare yards; and if the diftance of the center
of one counterfort to that of the next be 16 feet, the
thicknefs. will be 4 feet, or 1 1 yard; whence multi-
plying 23 3, by 13, we fhall get 31 cybic yards near-
ly, for the folid content of one counterfort. If we di-
vide the total length 1035, by the diftance 1%, we
fhall get 194 for the number of counterforts contained
in the ravelins; and therefore this number 194, mul-
tiplied by the content 31 of one, gives 6014 cubic
yards, for the total content, Confequently, the quan-
. : fey

~
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tity of mafonry coptained in. the faces of the raveling
will be

. , wall 19665
The content of the{foundations 7590

' . Lcounterforts - 6o14

33269

It remains now to find the quantity of mafonry cons
tajned in the counterfcarp ; fuppofe the fourth figure tg
be the profil, which is 16 feet high, from the founda.
tion, 2 feet above, and 5 feet 2 inches near the foun-
dation, according to our tables; the two parallel fides
being added, gives 4 feet 2 inches, half that fum mul-
tiplied by the height 16 feet, gives 57 1 fquare feet, for
the area, or 6.4 yards nearly. . ° ' ‘

The length of the counterfcap is not found without
2 good deal of calcuylation, which we have explained in
our Elements, pages 214, 215, and 216 ; to which we
refer our reader, and content ourfelves by giving the
amount as found there, for the length before one front,
which is 2go fathoms, or 580 yards; and' as there are
five fronts, five times this number, gives 2900 yards
for the total length; this length being multiplied by
the content 6.4 of the profil, gives 18560 cubic yards
for the content of the wall, exclufive of the foundation

If the foundation is 5 feet deep, and 6.5 wide; then
the produt of 5by 6.5 gives 32.5 fquare feet, or 3.6
fquare yards nearly, for the fection of the foundation;
and this number multiplied by the total length 2900,
gives 10440 cubic yards for the total quantity of ma-
fonry in the foundation. : :

Now becaufe the height of the counterforts is 21
feet, and their length 4; the produét of 31 by. 44
gives 84 {quare feet,. org § {quape yards for the area
of .the counterforts ; and if we fuppofe as before, the
diftance from the center of one to that of the next,
s be 12 feet, their thicknefs will be 3 feet or one

' yard 3
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yard ; therefore the content of one counterfort will be
9 4 cubic yards.

If the total length 2900 yards be divided by 4 yards,
their diftance, we thall get 725 for the number of coun-
terforts, which being multiplied by the content g 1 of
one, gives 6766.6 cubic yards, for the total content
of mafonry in the counterforts. Hence the total con-
tent of the mafonry contained in the counterfcarp will
be ) :

wall 18560

Content of the{ foundation 10440
counterforts 6766

' e

Tatal 35766

Having thus found the quantity of mafonry con<
tained in the feveral parts, according to the plan- and
profils here given, by adding them together, we fhall
have the content of the whole, exclufive of bridges,
gates, and under-ground works.

" body : 99916
Corntent of the{ ravelins 33329 -
counterfcarp 35766

———

., 'Total content 16895:

A)

Thefe computations may alfo be performed as fol-
Jows ; add the areas of the profil and foundations to
that of one counterfort divided by 4, and the fum
multiplied by the total length, gives the whole con-
tent at once. Thus in the counterfcarp, the area of
the profil is 6.4 yards, that of the foundation 3.6, and
that of the counterfort g 3, this laft divided by 4, gives
2.3%. Now the fum 12.3 3 of thefe three areas mul-
tiplied by the total: length 2900, gives 35766 cubie
yards, for the whole.content.of. the counterfcap ; which
is the fame as before : The fame thing will be. true in
regard to the reft of the computations. e
“ T om0 Although

'
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Although this is not the exaét content of the mafon-
ry contained in this fortrefs, becaufe there are folids in
every angle, fuch as aré reprefented in the fourteenth
plate of our Elements, which muft be confidered when
the works are meafured, as well as the coping ftones}
yet this menfuration is fufficient for an eftimate. There
are many engineers that are not fo exact in their com-
putation ; for how could it be, fince few of them have
fcarcely the leaft notion of ggpmetry, withous which,

it is impoffible to compute to an exaétnefs any thing
of this kind. » ) .

To compute the ExcAvATION of the DITCHES.

The method of computing the quantity of earth
contained in the ditches of the body of the place, and
ravelins, is reduced to the finding their area’s, and thea
to multiply the fum by the depth of the ditch, thar is,
by 16 feet, or 54 yards. But by reafon of the ir- '
regular figures, they muft be divided into parts, in the
following manner. From the pomt B draw B L per-
pendicular to the counterfcarp; from the “angle F of
the flank F draw F T, perpendicular to the line of de-
fence GE, and from the point D, D V perpendicular
to the counterfcarp I L produced ; then if B K be the
capital of the baftion produced, we muft find the fpace
IL BD, the triangles GE F, DG H, and the circu-
lar feCtor L B K, in order to get the area of the great
ditch before one of the fronts. P

The length I L of the counterfcarp has been found
in our Elements, page 214, to be 87.85 fathoms, or

.175.7 yards, BL, is 40 yards by conftruttion; and

in the right angled triangle D V"I, we have D1, 25.93
fathoms, or 51.86 yards, by page 2153 and the angle
D1V, 74 degrees and 35 minutes ; by which we find
the perpendicular DV to be 50 yards, and the bafe
1V 13.78, by adding I V to I L., we fhall have V L,
189.48 ; and if we add the two parallel fides B%,

DV,
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DV, weget go, and half their fum 45, multiplied by
V L, 189.48. gives 8526.6 {quare yards, for the fpace
DVLB, from which we muft fubtract the triangle
D V1, in order to get the fpace DIL B; but the fide
1V, is 13,8, and the perpendicular DV, 50; half the
produé of thefe numbers, gives 344.5 for the area of
the triangle DV 1,  which being Tubtracted from the
~ content of the area VL.BD, leaves 8182 fquare yards
for the tontent of the fface DI L B. : ,
The next -thing to be found is the area of the tri-
angle G F E, in which the fide F G is 76.39 fathoms,
or 152.78 yards, the fide EF, 54.54 yards, and the
fide EG, 170, 28 yards; having the three fides of a
triangle, the fegment E T is found by faying the fum
20%.32 of the fides GE, FE, is to their difference
98.24, as the bafe GE, 170.28 is to the difference
80.6; between the fegments G T, and TE, which -
being fubtratted from the bafe GE, 170.28, gives
89.68, half of which 44.84, will be the leffer fegment
E T; therefore the difference between the fquares of
EF, 54.54, and ET, 44.84, will be equal to the
fquare of the perpendicular F T'; which will be found
to be 31 yards. - Now becaufe the two triangles GFE, .
D G H, have the fame altitude, the fum of their bafes
GE, 170.28, DH, 89.74 being multiplied by the
perpendicular F T, 31, half the produd, gives 4030
yards for the content of the fpace EF G HD. '
. It remains now to find the circular fe€tor LBK 4
the angle LB K in a pentagon, is 108 degrees, and
52 minutes, and the radius B L, 40 yards by con-
ftruétion 3 whence if we fay 7 is to 22, fo is the ra-
dius BL, 40, to the femi-circumference 125.7 nearly 3
and again, 108 degrees is to 108 degrees 52 minutes,
‘or 108.86 degrees nearly, as 125.7, is tothearc LK,
which is 76 yards; then half the product of this arc,
.and the radius gives 1520 fquare yards for the content
-of the fector L BK. :

~

- . Now
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Now if we add twice the fum of the fpace DIL B, °
8182, and the fector L B K, which is 19404, to the
fpace HGF E D, which has been found to be 4030,
we fhall have 23434 fquare yards for the great ditch, -
before one of the fronts. :

Laftly, The area of the ravelins ditch is to be found 3
# from the extremities of the face N Q, we draw N 5,
Q_.#, perpendicular to the oppolfite counterfcarp, & » :
Then becaufe the width of the ditch is 24 yards by con-
ftruction; and the face N Q, has been found 1n our
Elements, page 214, to be 103.5; the breadth being
multiplied by the length N Q, gives 2484 fquare yards,
for the content of the area N Q n 4. '

In the right angled triangle N & 4, the perpendicu-
lar N 4 is 24 yards, and the bafe 4 4 has been found in
our Elements, to be 8.72 yards; and half the product
of thefe two fides, gives 104.64 for the content of this
. triangle. o '

The angle NQR has been found to be 73 degrees,
and 30 minutes ; whence, if we fay, as 7 is to 22, fo is
the radius 24 to the femi-circumference 75.4; and 180
degrees is to 106. degrees, 30 minutes, or 106.5 de-
grees, the meafure of the angle # Q m, fo is 75.4 to
to the arc # m, 44.6 yards; and half the produét of this
arc and the radius, gives 535.2 fquare yards for the
content of the feétor n Qm. -

Now if we add the content of the triangle N a4,
104.64 to that of the rettangle N #, 2484, their fum'
will be 2588.64 ; and twice that fum added to that of
the feCtor #Q_m, -gives 5712.48 fquare yards for the
content of the ditch before the ravelin, ‘

Therefore if we add the contents of the great ditch
23434 to that of the ravelin, we fhall get 29146.48
fquare yards for the fum, and five times this fum gives
145732.4 {quare yards for the content of the ditches
round the whole fortrefs. »
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If this content be multiplied by the depth of the
ditch 16 feet, or 5 I yards, we fhall get 777239.4 cu--
bic yards for the total content of the ditches. ,

_ This is not the content of all the excavations to bé
made; that of the walls, counterforts, and their foun-
dations mutft likewife be confidered ; as there muft like-
wife be room for the workmen to work; which cannot
be lefs than two feet, befides the thicknefs of the
wall, the length and breadth of the counterforts ; but
the flopes of the walls are not to be taken in here; be-
caufe we have fuppofed the ditch to be dug perpendi-
cular, : , .

Fig. 2. Therefore .if R T be the line terminating
the height of the ditch from the foundation, we muft
find the thicknefs of the wall at T ; which is done by
adding one fifth of the height R M 14 feet, to the
thickne(s B C above 5 feet, which gives 8 feet nearly,
to which adding two feet more, according to what has
been faid above, ‘gives 10 feet, and this multiplied by
the height KR 16 feet, gives 160 feet, or 17.7 {quare
yards, Now the foundation D H being 6 feet deep;
and 12 broad, to which adding two feet on each fide,
gives 16, and this multiply by 6, gives 96 feet, or 10.7
yards nearly ; this added to 1.7, gives 28.4 fquare
yards to the area of the profil; therefore 28.4 multi-
plied by the total length 2309.3 of the body of the
place found before, gives 65584 cubic yards, for the
quantity of earth to be removed on account of the wall.

The height of the counterforts KR is 22 feet, in-
cluding the foundation, the length K H is 8.6 feet to
which adding two feet more, gives 10.6; this multi-
plied by 22, gives 233.2 feet, or 26 yards nearly.
Now becaufe the thicknefs of the counterforts has been
made 4 feet, by adding two more on each fide, gives
8 feet, or 2 } yards, which multiplied by 26, gives
6.3 for the quantity of earth removed on account of
one counterfort ; and as there are 433 of them, we
fhall have 30007 cubic yards for the total quantity gf

carth,
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_earth, This quantity, added to that above, gives
955.91 cubic yards for the total quantity to be removed
on account of the wall of the body of the place.

Fig. 3. To find the quantity removed in the rave.
lin, where the height R M is 8, and the thicknefs B C
4.4 .feet; one fifth of 8 is 1.6, which added to 4.4,
gives 6, to which adding two feet more, gives 8; this
multiplied by 16, gives 128 feet or 14.2 {quare yards
for the fection of the excavation. '

The foundation has been fuppofed 6 feet deep, and
11 broad, by adding 4 to 11, gives 15, and this mul-
tiplied by 6, gives 1o yards for the foundation; the
fum of 14.2 and 10, gives 24.2 fquare yards, which
being multiplied by the total length 1035, gives 25047,
for the content of the excavation of the faces. ‘

The height of the counterforts KR is 22 feet, and
their lengtl%K H; 7, to which adding two more, gives
9, and the product of 22 multiplied by *g, gives 198
feet, or 22 yards; and fince the thicknefs of the coun-
terforts is 4 feet, by adding 4 more, gives 8 feet, or
2 2 yards, which multiplied by 22, gives 58.6, for
the excavation made for one counterfort ; and as there -
are 194 in all, this number multiplied by the content
58.60fone, gives 11368 for the total excavation made
for the counterforts in the ravelin. Thisadded to the
former, gives 36415 cubic yards for the total excava-
tion. : :

Fig. 4. Laftly, It remains to find. the excavation
made for the counterfcarp: The thicknefs above is 2
feet, to which adding 2 more, gives 4, this multi-
plied by the height 16, gives 64 feet, or 7 yards fearly.
The foundation is 5 feetdeep, and 6.5 broad, to which
adding 4 more, gives 10.5, and this multiplied by sz,
gives 52.5 feet, or 5.8 yards nearly ; and the fum of
the foundation and the wall is 12.8 yards: and becaufe
- the total length is 2goo yards, the product of this num-
‘ber multiplied by 12.8, gives 37120 cubic yards, for
-the content of the excavation. '

) L © The
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The height of the counterforts is 21 feet, and their
length 4, to which adding 2 more, gives 6, the pro-
duct givesr4 yards forthe content; and astheyare a yard
thick, by adding a yard more, gives 2, and 14 by 2,
gives 28 cubicyards tor the content of one counterfort s
and fince there are 725, the total content of all the
counterforts will be 20300. And this added to that of
the wall 25047, gives 45347 cubic yards.

Whence the content of the ditches 777239
of the town-wall " 95591
of the walls of the ravelin 36415
of the counterfcarp 45347

o— —

Total content of the excavation of earth 954592

If itis known how many menare required to remove
the earth, either from the glacis or the ramparts of the
body and ravelin, and how much they remove in a
day, the expence for removing the earth may be pretty
exactly computed ; for there is no fuch thing as to form
an exact account, too many accidents happening during
the time of the works of this nature, to come to any
exa&nefs; for example, if every cubic yard cofts fix-
pence to remove, and make the works compleat, with-
out any other expence either for tools, bridges, and
roads ; the expence of removing the whole quantity
would amount to 23864 pounds, 16 fhillings.

The computation of the quantity of earth has been
made upon the fuppofition that the groundis level; but
as this is {carcely ever the cafe in real practice, marks
are left every where to thew the different depths that
have been dug, and a proper reduction is made, in or-
der toget the truequantity of earth removed; for which
reafon the reader muft confider what has been here done
as the method by which he is to proceed when a for-
tification is to’be executed ; and that this is fufficiently
exa& to make an eftimate. As

\
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As to the mafonry, it may at all times be known
what the ftones coft in the quarries, and for the bring-
ing them on the fpot ; as likewife the expence of cut- -
ting them, and to make the walls, when the fituation -
of the fortrefs is once fixed upon : the fame thing will
hold good if the place s to be built either entirely or
partly with bricks. :

But there are many leffer articles, fuch as the gate-
ways, bridges, cazemats, powder-magazines, ftore-
houfes, guard-houfes, barracks, &c. which cannot be
eftimated without a great deal of experience in thefe
kind of works : therefore an engineer muft be well ac-
quainted with it before he is able to undertake fuch a
work. , )

SECT. VL
Do trace the plan of aFORTRESS o the

GROUND.

F the ground is uneven, filled with bufhes, hedges,

ditches, or any other obftacles, which hinder the
ftations from being feen, itis neceffary to trace the ex-
terior fides in a rough manner, in order to clear the

. ground, and then trace the works over again more

exaltly. If the fortrefs lies near a river, the fide next
to it muft be traced firft, fo as to agree with the pro-

~ pofed plan; or if there are any buildings which are

to be inclofed, you begin with that fide firft, which
brings them in their proper fituation : - The greateft
difficulties happen when the fortrefs is to be built on a
defcent of arock or hill, where the works lie not all
on the fame level ; in fuch a cafe, great care muft be
taken to make proper allowances for raifing and falling
the works, in order to place themin fuch a manner
that the exterior works.be always commanded by the

: ' L2 o inte-
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interior ones ; it is here where an engineer requires great
fkill and knowledge to make the different parts anfwer
their true intent. C

There are two different inftruments commonly ufed in
tracing the works on the ground ; which are, the plain
table and the theodolite.

The plain table is the moft fimple, but it is not fo
exact; for which reafcn, 1 would never ufe it, butin
{inall forts, or works of no great confequence.

When a plain table is ufed, the plan muft be drawn
on a large fcale, at leaft of 30 fathoms to an inch,
which is faftened with fealing wax to the table, foasto
lay quite fmooth and even; then, by means of a ruler
with fights, the angles are laid down on the ground,
and the lengths of the lines meafured by a chain and
rod: But when the theodolite is ufed, the lines and
angles muft be found by trigonometry, in the manner
given in our Elcinents of matheiatics. v
~ This being done, the angles muft be traced on the
ground with the inftrument, and the lines laid down as
before. But to explain the manner of ufing both thefe
inftruments, we fhall begin with the plain table, and
fhew how the body of the place is to be traced,
and then how this is to be done with the theodo-
lite.

To trace the PLAN. of @ FoRTRESS with a PLAIN-

TABLE.

Plate VII. - Having faftened the plan on the table,
in the manner mentioned before ; which we fhall fup-
ofe to be a regular pentagon, of the fame dimenfions

as in the laft plate: Suppofe the point O to be the

center of the place: place the table exactly over the
poiat O, fo as the center on the paper is exactly over
the center on the ground, lay the edge of the ruler
along the radius or capital O A, and turn the table

round, till the point A is feen through the fights;
place
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place a piquet or ftake in that diretion; keep the
table fteddy, ‘and turn the ruler about the center O,
till it is in the direttion O B on the paper, and place a

. piquet at any diftance in that direttion; keeping the

table in the famedirection, lay the ruler on the capital
OC, and place a piquet in that dire€tion ; and proceed
in the fame manner with the capitals OD and OE;

this being done, fer off thefe capitals with a chain in |

the moft exa® manner you can, which gives the five
points A, B, C, D, E; now to be certain, .that thefe
points were rightly determined, the exterior fides A B, |
A E, &c. muft be meafured with the chain, and if
they are the fame length as they fhould be, you are
certain that thefe points are right : but if the exterior.
fides are either too fhort or too long, the capitals muft .
be meafured again, till fuch time that every line on,the
ground is exactly of -the fame length as thofe on the
paper. : : ‘

Having determined the exterior fides, the table is
placed at A, and by the help of the ruler turned fo as
the two exterior fides AB, A E, on the paper coin-
cide with thofe on the ground ; then keeping the table
in that pofition, and laying the ruler along the face A F

- of the baftion, and a piquet being placed in that direc-

tion; then the face A F is meafured by the chain, which
gives the point F; the table is placed over this point .
fo as the line A F on the paper agrees exaltly with the

~ fame line on the ground ; by keeping the table in that

pofition, and directing the ruler along the flank F G
then a piquetis planted, and the length of the flank
meafured, which gives the point G.

After this the table is carried to the point B, and

 turned fo as the exterior fides BC, B A, on the paper
_ agree with the fame lines on the ground ; Keeping the.

table in that pofition, the ruler is directed along the
face B L., and a piquet planted in thisdirection ; then
by fetting off ‘5o fathoms for the length of the face,
from B to L; the point L is given’; to which the

‘ L3 ‘ table
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table being carried and turned fo as that the face B L
upon the paper, agrees with that line, on the ground:
then directing the ruler along the flank L. H, and plant-
ing a piquet in that direttion : by fetting of 27.27 fa-
thoms for the length of the flank from L to H, which
determines the flank and curtain.

Now to be certain, that this front has been nghtly
traced, the diftance from H to G muft be meafured,
to fee whether it is 76.39 fathoms as it (hould be, and
from the points A and B, it muft be obferved, whether
the points B, L, G, and A, F, H, are in. a right
line; if thisis fo, the front x§ nghtly traced, and if not,
it muft be traced over again, till every thmg comes
out right. -

The fame operations muft be performed at every -
fide of the place, by which the body will be finithed
for the prefent, becaufe the rampart and parapet, as
well as the thicknefs of the wall, are determined after-
wards.

If the fortrefs is either irregular, or there are any
buildings in the way,. in fuch a manner, that the points
A, B, C D, E, cannot be feen from the center O:
The exterior ﬁdes AB,BC,CD, DE, muftbe trac-
ed; that is, the table is placed at A in fuch a manner,
as the exterior fide A E on the paper be in the fame
" direction with A E on the ground ; then, by keeping

the table in that pofition, and direting the ruler a ong
the fide A B, in which a piquet is planted, and the
]cngths of the two fides A E, A B, meafured, which
gives the points E, A, B; this done, the table is car-
ried to the point B, "and placcd foasthe fide B A, on the
paper agrees with that lineon the ground; then the ruler
being direcled along the fide B C, and its length being
~fet off in thart direction, gives the point C; inthe fame
manner is found the fide CD; and if the diftance D E
is found to be of its proper lcngth and theangle AED
grccs wub that on the paper, the extt;rlor fides {;ave

: een
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beenrightly determined : after this, the reft is performed
in the fame manner as before.

If the pofition of any other line is determined either
by buildings or a river, you are to begin with'that line
and find by its means the exterior fide next to it, and
from thence you proceed as before : Thus if the direc-
tion of the line C D is given, onaccount of ariver, fo
as to bring the greateft part of it into the great ditch 3
the table is placed at C, and directed fo as the line C D
on the paper agrees with that line on the ground ; then
keeping the table in that pofition, and directing.the
ruler along the exterior fides CDand CB; thereft is
finithed as before. )

When an old place s to be fortified, it often happens,
that the fituation of one of the curtains is determined,
fuppofe G H; then the table is placed at G, and H,
in order to find the flanks G F, H L ; and then at L.
and F to find thefaces L B, F A, which gives the ex-
terior fide A B; this being done, the reft of the work
is performed as before.

To trace the PLAN of a FORTRESS on the GROUND
. with a THEODOLITE.

" When the fortrefs is regular, the theoddlite is placed
in the center O, and levelled by means of the crofs

levels and fkrews ; fix the index to 360 degrees on the
limb; turn the whole inftrument round till the north
end of the needle hangs over the flower de luce, or
. 360 degrees in the box ; there fix the limb of the in-
ftrument by means of a fcrew underneath, then dif-
charge the index, and turn it about till the vertical
hair in the telefcope cuts the ftation A placed any

where in the direction O A ; then adding the degrees
on the limb, which we fuppofe to be a certain number
of degrees exaétly, without any frattion, to the num-
ber of degreesof the angle AO B, and turn the index
fo as'to cut exactly the fame number of degrees on the
' L 4 limbs;
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limb ; this done, place a ftation in the direction O B
adding again, the number of degrees of the angle
BOC, to thofe on the limb, and turn the index round,
till it cuts the faid number, by placing a ftation in the
dire¢tion OC, and proceed in the fame manner all
round, till the whole is finithed.

We prefer this practice to any other, becaufe the
needle cuts always the fame number of degrees nearly,
as the index does on the limb; but it may be done
thus, after having levelled the inftrument, and fixed
the index ta 360 degrees, you turn the inftrument
round till the vertical hair cuts any ftation placed in
the dire¢tion Q A; then the limb is made faft by
means of a {krcw, and the index difcharged, and turn-
ed about till it cuts the fame number of deorees as the
.angle AOB at the center, which is here 72 degrees,
then placing a flation any where in the direction O B,
and turning theindex abouttill it cuts as many degrecs,
as are contained in the angle A OC, whichis here 144 ;
by placing a ftation in the direction O C, the index
is turned round till it cuts the angle AOD, 216 de-
grees on the limb, and fo on to the reft ; this done and
a ftation placed in O D; theny the index being turned
round till the vertical hair in the telefcope cuts the firft
ftation A ; if the ipdex cuts exaltly 360 degrees
on the limb. the angles -are rightly laid down, “and
this it will always do, Sif the infirument has not been
moved.

The angles at the center being laid down very accu-
rately, the capitals O A, OB, €c. muft be meafured
with the fame care ; and to prove the work, the exte-
rior fides AB, B C, &, muit alfo be meafured, and
if they anfwer their dimenfions, every thing isright.
But if the fortification is lrregulax, or the points A B,
C, D, E, cannot, be feen from the center O; thc
theodohte muft be placed at any one angle as A, which
we fuppole to be determined by the fituation ; ‘after the
inftrument is levelled, and the index placed on 360

o dcorccs,
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degrees, the whole inftrument is turned round till the
north end of the needle points likewife at 360 degrees;
the limb is faftened, with the fkrew and the index dif-
charged, which being turned, fo as the telefcope cuts
the ftation in the direttion A E, which is fuppofed to
be given; then oblerving the number of degrees
which the angle made by A F, with due fouth and
north, fuppofe 5 degrees, which being fubtrating from
the angle E A B,,of the polygon 180 degrees, then
turning the index round till it cuts 103 degrees on the
limb, which is the difference between 5 and 108
then placing a ftationin the direCtion A B, and fetting .
off from A to B, 180 fathoms for the length of the

exterior {ide A B: Now the theodolite being placed at
B, and the index fixed to the limb, the whole inftry-
ment is turned, fo as the ftation at A may be fécn
through the telefcope ; then the limb is faftened, and
the index difcharged, after having obferved the num-
ber of degrees it points at, to which adding the num-
ber of degrees contained in the angle ABC, and if
the fum exceeds 360 degrees, fubtrat 360 from it, .
and turn the index round, till it points at the given
number of degrees, and looking through the telefcope,

the ftation C is placed in that diretion : the exterior

fide B C being fet off on the ground, gives the point
C; from whence proceed:in the fame manner as be-
fore, till you come to the point E; and when the in-
ftrument is brought to the firft ftation A, and the
angle E AB is found the fame as before, the opera-
tion is right. "

It may be obferved, that by laying thus down the
angles from the meridian,  paffing through the point
A, the needle will always point at the fame numbe¢
of degrees nearly in the box as the index on the limb,
which being carefully obferved at every ftation, will
fhew whether any error has been committed, either by
accident or miftake; and if there be any found you
muft return to the fortmer ftation to correét ity before
’ o you
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you proceed farther ; by which you fave the trouble of
going over the work again, for a miftake made per-
haps at the beginning. Moft engineers content them-
felves, by laying down fimply, theangles of the poly-

on without any meridian. ‘

© As all the angles and lines of a plan muft be found
by trigonometry, when it is to be traced on the ground
- with atheodolite, you place the inftrument at A, and
fet off the angle B A F, and thelength of she face A F,
' and thenat F, to make the angle AF G of the thoul-
der, and when the length of the flank F G is meafured,
the inftrument is placed at the point B, and proceedin
the fame manner, to find the points L and H: then if
the points B, L, G, arein the fame rightline as well
as the points A, F, H, and the length of the curtain
G H comes out right, you are certain, that no mif-
take has been made : The fame operations are perform-
ed with regard to any other front, by which the body of
the place is traced on the ground.

The next thing in hand, is to trace the counterfcarp
of the great ditch; which is done in this manner 3
make the angle M D N, equal to 74.degrees, 35 mi-
nutes, according to what is faid in our Elements, page
214 ; and fet off from D to N twenty fathoms, for
the width of the ditch, trace aline in the dire&ion
N R, perform the fame operation before the face ER,
and you will have the ftrait part of the counterfcarp;
the round parts before the baftions are determined by
placing piquets at certain diftances from each other,
fo as to be 20 fathoms diftant from the faliant angles
of the baftions; or if the ditch is not fo wide, and
that the chain may reach crofs, faften one end of it to
the piquet at D, and at the other end a loofe piquet, fo
as to reach the point N ; then by turning the chain
round the piquetat D, fo as to keep it always ftrait,
with the point of the other piquet you may trace the
- tound part on the ground. o '

5. P T%
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To trace the raveling, through the middle of the
exterior fide DE, mark a line S T, atright angles to
it, in which fet off 50 fathoms, for the length of the
capital of the ravelin, from the reentring angle S of
the counterfcarp to the point T'; from the point T,

 trace two lines to the counter{carp, which when pro-
duced, fhall meet the oppofite faces of the baftion in a
point X, within three fathoms, from the thoulder M.
As to the counterfcarp of the ravelins ditch, it is found
by erc@ting perpendiculars at the extremities of the
faces, cac% of 12 fathoms, for the width of the ditch :
The round part is found as before.

To trace the CoveERT wAY and GLAcCIs on the
G ROUND.

From the reentring angle 4 of the counterfcarp, fet
off 20 fathoms for the femi-gorges 2 4, a ¢, of the
place of arms; faften two chainsor chords to two pi-
quets placed at 4 and ¢, each of them of 25 fathoms
long ; which being ftretched, and fo as to meet at d, .
place a piquet there, and trace the faces 6 4d, cd. If
two points are marked with piquets along each fide of
the counterfcarp, and at 6 fathoms from it, then the
~ lines traced in thefe direions will determine the co-
* vert-way : .and fetting off two perpendiculars . to the
fides of the covert-way, and at 20 fathorhs from them,
the lines traced through their extremities will deter-
- mine the breadth of the glacis. The traverfes are ea-

fily traced on the ground, from their conftruétionon

the paper. - , :

This is the moft accurate way of tracing the plan of
a fortrefs on the ground; and it may be obferved in
general, that all works of what kind foever of this na-
ture, are always to be traced, by the help of the lines
and angles, either given by conftrucion, or found by
trigonometry, . St
o S For
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For inftance, to trace a horn or crown-work, an the
ground; the angle which their branches make, ejther
with the counterfcarp or the faces of the baftion, muft
be found as well as the length of the branches ; thefe
being once known and traccd the relt may be
performed in the fame manner as in the body of thq

lace.
P The manner of tracing lunets, tenaillons, counter-
gards, and all fuch works, differs fo little from what
has been faid before, that it requires no farther expla-
nation.

SECT. VI
The METHOD of building a F ORTRESS.

FTER having traced the principal or magiftral
A line of theworks, the ground muft be levelled .
round the body of the place, in order to choofe 2
mean between the different raifings and fallings of the
ground for the level of the place, which ought to be
fuch that the earth of the higher parts may nearly fill
up the cavities of the lower, and the center of the
place muft be marked, and is generally about fix fect
higher than the above mentioned level, in order to get
a proper defcent for the running of the water into the
ditch; this being done, a trench is dug all round for
the foundation of the body-wall; but care muft be
taken, to throw as much earth out of the trench and
ditch, towards the center of the place, as will make
the rampart and parapet; this may be done nearly by
computing that partof the profil above the level ground,
and cutting a trench of an equal fetion ; it muft like-
wife be confidered, how much earth will nearly be dug
within the place, for cellars, conducts, faly-ports and
cazemats. For the removing the earth out of ditches
#n¢l underground- works, m Tuch a manner, as juft l:o

make
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make the rampart and parapet, and the reft for the
glacis, is one of the moft difficult tafks thatcan happen;
fince it requires great fkill to do it fo as not to have
more than is wanted to compleat the work, and to
prevent the moving of it over again from one place
where it was thought neceffary, to another, which, in
, my opinion, is hardly poffible, and therefore the leaft
removes will be the beft.

That part of the trench made for the foundation of
any work towards the rampart, ought to be cut into
fteps, as may be feen in the eighth profil, Plate VIII.
and as near the . wall as can be, without any inconve-
~ niency; becaufe,when the rampart is compleated, there
will be only the earth which has been dug, that will
prcfsagam& the wall; whereby its refiftance becomes
- {o much the fironger. In my opinion, the rampart
fhould not be made till fuch time the mafonry is fet-
tled and dry, which requires at leaft a twelve month,
unlefs there is an abfolute neceffity for it; for when
the damp earth is rammed againft a wet wall it will
require a great while before it dries, and perhaps this
will not happen at all, unlefs the mortar be very good ;
for which reafon, I would mix cinders inftead of fand
with the lime, and lay this mortar about afoot and
a half deep on the fide of the wall next tothe rampart;
this will fooner dry, and prevent the moiftnefs of the
carth from penetrating into the mafonry.

To prevent the preffure of the carth againft the wall
as much as is poffible, branches of all imd of wood
are ftuck into the earth, by horizontal layers, with
the fharp end as deep into the unmoved earth, and as
firm as can be, and a bed of earth well rammcd of
half a foot deep, in the manner reprefented in ’ the
cighth profil ; when this is done, the wall has time to
Aettle well, and becomes quite hard before it fuffers any
preflure. : .

of
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Ofthe Fo UNDATIONS andthe manner of laying them.

Plate VIII.  As the foundations of all buildings in
general, are of the greateft importance, in refpeét to |
the ftrength and duration of the work ; we fhall enter
into all the moft material particulars, which may hap.
pen in different foils, in order to execute works with
all the fecurity poffible ; becaufe many great buildings
have been rent into pieces, and fome fallen down, for
want of having taken proper care in laying the founda-
tion; and for a futher explanation we fhall join here
plans and profils, adapted to the moft material fituati-
~ons that can be found.

Firft, It is neceffary to examine very carefully the
nature of the foil, upon which the foundations are to
be built; for doing this, proper augures are ufed to
bore holes in feveral places 10, 12 to 15 feet deep,
in order to difcover the nature of the foil, and its hard-
nefs; or, if itis made of feveral layers or ftratas, which
is commonly the cafe, the difference of their nature and
goodnefs; this is known by their colour or the difficulty
of piercing through them.

If the foil be of a good confiftence, for a certain
depth, without any water or foft ground, and this

- holds fo all round the foundation, there need no other
precaution be taken, than to lay the foundatien four,
five, or fix feet deep; only obferving to enlarge its
breadth, in proportion to the heigth of the walls to be
built uponthem: Since the higher the wall is the more
weight the foundation ‘muft fupport : Although this is
felf-evident, yet engineers do not feem to mind it,
becaufe they make commonly the bafe of the wall in
proportion to the depth of the foundation, and not to
the height of the wall.

If the foil be a hard gravel for about 10 or e fees
deep, the foundation may be built upon it, without
any danger of its finking; or if the foil be a fiff clay,

, i




/

8et.7. FORTIFICATION. - 159

it will likewife be good ; the firft and fecond figures
reprefent the profil and plan of fuch a foundation;
where there are two or three courfes of large ftones to
be put at the bottom; and the foundation projects by
two or three feet before, divided into as many retreats,
but not above a foo: behind; becaufe there is no dan-
ger of the wall falling backwards : this is the cuftom,
but as for my part; I think thereis no occafion for any °
projection at all backwards; fince the counterforts are
fufficient to fupport the wall, and this projection might
be of greater advantage before, if added to thofe already
mentioned.

If the foil be not very firm or hard to a fufficient
depth, or when fome parts are fofter than others ; it
will be neceffary to lay a grate of timber firft crofs-
ways, and then long-ways; or fome lay them firft
long-ways, and then crofs-ways, which feems to be
beft, and well bolted together with wooden trunnels,
asis reprefented in thethird and fourth figures : Some-.
times, thefe grates are boarded over with three inch
planks, as is marked in the profil; at others large -
ftones are laid between the timbers of the grate, and
laid even with them, upon which the foundation is
afterwards raifed. , E

Some engineers choofe to raife the fore part of the
grate of about a twenty fourth part of its breadth, in
order to prewent the wall from being overfet by the
preflure of the earth, as it has fometimes happened :
this precaution feems to me to be very neceffary, ef-
pecially when the rampart is pretty high; and the
courfes of ftone in the foundation fhould have the fame
inclination, excepting the laft, or the bafe of the wall
ought to belevel, if thofe of the wall are fo. 1am
fenfible, that fome engineers ridicule this practice, and
fay, that all beds of ftone or brick fhould be exattly in
alevel; but Mr. Coeborn, who knew more of this mat-
ter than moft, if not all of our modern engineers, has
not only laid his foundations in this manner, but lik<}-

' wife
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wife the walls quite up to the top. This is confirmed

by L’Abbé Dedier, in his Perfec? French Eugineer, where ¢
he fays, that in repairing the works at Manbeim, which

~ were built under the dire&ion of Mr. Cockorn, they
found that the courfes of mafonry were perpendicular
to the outward flope, whofe bafe is one fixth part of
the height, and the walls were only about three feet
thick above, withcut any counterforts.  This being
the cafe, and the walls being ftrong enough to refift
the preflure of the earth, this manner of laying bricks
or ftones has greatly the advantage over that com-
monly ufed. o

If the foil be fand, and of no hard confiftence,- the

grating the foundation is abfolutely neceffary ; or if

the foil be a foft loom or common earth, it is alfo ne-

ceffary to take this precaution; and in general, when

the foil is doubtful, though not abiolutely bad, a grat- .
ing fuch as this cannot but be very ufeful in preventing

the walls from finking: and I muft repeat it again,

when the wall or rampart is very high, particular care

fhould be taken to fecure the foundation in the beft.
manner poffible; for it is better to do this, though

fomewhat more expenfive, than to run the chance of

making bad work at an eafier rate, which might prove

- more burthenfome at the end. N

It is neceflary to obferve, that when there is any
timber under the foundation, the firft cpurfe of ftones
fhould be made without mortar, becaule its corrofive-
nefs deftroys the wood; and in general, where any
beams or timbers are laid into the mafonry, inftead of
mortar, {tiff clay is ufed round it; and fome carpenters
make thin cafes of wood round the parts which enter
into the wall. :

When the foundations are fo very bad, that the
grate of timber mentioned before is not fufficient, but
1s hard after a certain depth ; upon fuch an occafion,
itis proper to drive piles, and then lay a grate over
them, fuch as is reprefented by<he fifth and fixth ﬁ,cg,ltiref 5

: thefe
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thefe piles-are-to be placed exatly under the-croflings

- of the timbers, to which they are faftened with trun-

nels, and are to be drove into the ground as far as.
they will go. ‘ DU o ;

As this ‘method of laying foundations happens moft
frequently in the works of a fortrefs, and is very ex~
penfive, care muft be taken not.to make any more than
what is neceffary. In order to find the proper length
of the piles, one or two are drove as deep as they will
g0, and then cut a certain number of :the fame
length, and when thefe are drove, and the depth of
the foundation remains the fame, more are cut of the
famé length; but if the foundation changes, the reft
muft be made accordingly. By this method a good
deal of timber may be faved; whereas, if the piles are
all cut at once, fome will happen to be too long, and
perhaps fome too fhort, which waftes a great deal of
timber to no manner of purpofe. , v

Some engineers drive piles into every corner of the
fquares formed by the timbers, and none under the
frame, as is reprefented here ; but this method muft ap-
pear to every judicious reader, notfo good as the former,
becaufe the frame is_fupported by nothing but the
earth, which, being but foft, muft give way to the
.great, weight of the wall prefling upon the frame.

Others drive not only piles under the grate, as we
‘have faid above, but likewife two in every fquare,
that is, in the oppofite angles; but it feems to me,
not worth while to make fuch expenfive work without

~ an abfolute neceffity, and when no other method is

practicable. E .
Befides the piles under the grating, others are to be
drove at the outfide next to the ditch, as is reprefented
in’the plan by the letter 4 ; their number is uncertain,
-and ought to be regulated by the goodnefs or badnefs
of the foundation. In both foundations, reprefented:by
the third and fifth profils, the outfide timber next tq
- the ditch ought to be cut in fuch a manner that the

K M wall
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wall mdy reft upon part of it, and the other part pre-
vent it from fliding into the ditch, or elfe a fmaller
timber fhould be faftened with bolts upon the larger.
Mr. Belidor gives an example of a wall {liding in the
ditch, at Bergue St.Vinoc, \n Flanders, which was the
face.of a2 ravelin; the fame thing happened fome
'years ago, at our wharf here, at Woolwich, for the
-middle part of it, flid five or fix feet into the Thames,
becaufe the foundation was only clay rammed even
‘with the bed of the river, and which would have been
fufficient, had the precaution above-mentioned been
‘taken. ' o

We have mentioned before that fometimes planks
-are ufed to cover the grating, and fometimes not;
where there is plenty of ftones, thefe planks may be
faved ; but in walls made of brick they are abfolutely
neceffary ; for they being but of a {mall fize, thofe
which reft upon the timber will not be able to fuftain
thofe which are between them.. '

If the foundation is either all rock, or only partly fo;
the bed of the wallis to be funk about 6 inches or fome-
thing more into it, in the manner reprefented by the
feventh figure, to prevent the wall from fliding, which

“otherwife might happen, becaufe mafonry feldom binds
fo well with the rock as to make it firm and durable.
‘When the bed is made, care muft be taken to fweep
‘it.very clean, in order that no rubbifh or duft remain
in it, and after this, it muft be wet as the wall is

" made; by doing fo, the mortar will enter better into
‘the pores and fmall cavities, the mafonry will likewife
bind with the rock in a more eafy manner, and form
inh time but ohe continued folid ftone.

- " Altheugh rock is the ftrongeft foundation that can
be built upon, neverthelefs, engineers look upon it
-as one of the moft difficult pieces of work to be met
‘with ; their reafon for thinking fo is, that they are
feldom level, but raife and fall continually, by which
the work changes its profil at every fmall diftance, and
v 1 ! to
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to raife the foundation to a proper level, and bind the
mafonry to the rock in a firong and firm manner,
meets with the greateft difficulty. )

The fecureft manner of proceeding in fuch a cafe, is,
to clear the rock, as well as can be, from all duft and"
rubbifth, in the manner obferved before, and to fink
from four to fix inches irto it; then raife the lower
parts with good mafonry made of very thin but ftrong
mortar, fo as to be in the fame level with the higher
ones. This work muft be left fome time to'dry and
fettle, otherwife, that part of the wall which ftands
upon the made foundation will fink and break off from
the parts which ftand upon the rock. # :

Sometimes the rock will rife at one end nearly as high

as the wall itfelf; in this cafe, the work muft be raifed
to a level, of about {ix feetfrom the bottom, and then
left to dry and fettle for fome time; after that, it may
be raifed to the fame height again till fuch time as the
whole wall is finithed ; and to prevent the workmen
from ftanding ftill, feveral parts may be undertaken at
the fame time and carried on alternately. -
- Sometimes it happens, that the rock rifes gradually
behind, nearly as high as the wall, or, which is the
fame, that a wall is to be built againft the rock; in
this cafe, the rock muft be well cleared from all dirt
and rubbifh, and if it is too fmooth, it muft be pickr,
~or fmall cavities made in it, that the mortar may lay
hold of, and bind it with the mafonry ; and the work:
muft be carried on gradually and flowly, otherwife -
“the mafonry will naturally fink and tear off from the
rock. . :

Mr. Belidor propofes a method for building walls in
this cafe, which, he fays, has often been pradtifed by

. fome French engineers with good fuccefs ; thatis, in-
ftead of ufing common mortar and ftone in the ufual
- ‘manner, they prepare what is called ftone-mortar;
which is'made of thin but ftrong mortar, mixt with
. ftones, about the fize of a wallnut, a little more or lefs ;
M2 then
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then they fet a kind of coffer without a bottom, cut
underneath, o as to agree nearly with the unevennefs
of the rock; then tlus coffer is filled with mortar, and
let ftand «ill it is dry and pretty hard; then they take
the coffer away, in order to place it elfewhere. The
reader may ealily perceive, that the furface of this
mortar is laid {mooth and level, and that, when it is
well fettled, it will ftick much bettcr to the rock than
any other kind of work whatfoever ; thefe kinds of
- walls become in time as hard as ftone itfelf, asappears

by the remains of fuch as have been found herc, in
. France, and in Germany.

In fome parts of Scotland, in Ireland, at szraltar, and
Mabhon, the rocks are generally of lime ftone; in fuch
a cafe, no better work can be made, than to mix the
ftones of the fame rock with the lime ; this will, by
the likenefs of the parts, form a work that will join
to the rock, and in time become as one continued
ftone. -

It happens fometimes that under a bed of gravel,
clay, or any other hard confiftence, there is a foft
watry foil or fand, to a great depth; where it would
be dangerous to drive piles, on accountof the fources
or fprings, which are generally under thefe places,
which, when they get once a vent or opening, fill the
trench made for the foundation in a fhort time full .
of water, in fuch a manner, as there is no poffibility
to build there. When this happens, a gutter muft be
made to lead the water out of the trench into fome
well made for that purpofe, if none is found near
enough, and engines fet to work to draw the water out
of it into fome lower place or ditch.

It may happen, that the water comes fo faft into
the trench, as not to be drawn off ; in both cafes, a
ftrong grate of timber muft be made, and planked
over, which being laid over the foundation, and faft-
ened in fuch a manner, as not to thift its place, then
the mafonry is built upon it, by which it will fink gra-

dually,
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dually, till it comes to the ground, and when the foun-
dation is raifed above the water, it is leftdry and fetile
before the wall is continued. - '

1 have been affured by people of veracity, and judges
of thefe works, that many fuch inftances happen in
Ruffia, as well as in Flanders, and yet when the walls
are finithed, they ftand neverthelefs as firm as if they
were built upon a ftrong foundation; it is certain, that
thefe walls will fink, but then the bufinefs is to make,
the whole together without clinks or breakings; which
can no otherwife be done, than with very good mate-
rials, and great care and induftry. :

" Notwithftanding that no water appears abave.
ground, and that there is only a hard cruft of five or
fix feet deep over a fwampy foil,. yet it is neceflary to
lay a ftrong large grate under the foundation; by
taking care to fink the trench as little as can be done,
for the fafety of the work ; and the foundation muft
be carried all round alike by horizontal courfes, and no
new one begun before the laft be quite finithed, fo that
if the ground underneath gives way, it may be prefied
alike every where, and fink together. - ‘

This method of carrying on the foyndation alike all
ound the work, fhould be obferved every where, ex-
cepting on rocks, or fuch a hard fubftance as cannot
give way, where it may be done by parts one after
another; only obferving to join them well together,
~ and by fteps, that no two joints may be over ope 3n- -

ther. ' i

There are fome fituations,  which, befides being
fwampy, the trench dug for the foundation fills in a
fhort time with water; the method ufed upon thefe oc-
cafiops, is, toopen only as much of it as can be made
in a day, and the ftones are laid, without any other
precaution, on the ground, and the work is carried
. on as faft as poffible, till the wall is above'the height

to which the water rifes; -but this foundation muft be

made very broad and bgaretrcatss and the ftones laid

* 3 } n
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in terrafs mortar, that it may foon grow hard; when
this is done all round, and the work fettled, the reft
is built ip the ufual manner:

Thefe kind of foundations are very common in
Flanders, and” Mr. Vauban wis very much puzzled
at firlt how to proceed, ‘till fome workmen of the
country, who had been ufed to them, put himin a
method of it: I have feen the fame dt Douay, ‘where
they dug a trench of about 40 yadrds, and three feet
deep;’ and as faft as it was opened the mafons worked
at the fouhdation, which “was raifed fix feét high;
though the next day half of it was undér water, yet
the 'wbrK "ftood as well as if it had been built upon a
folid foundation. © ' * S :
* As the different ftuations and foils require different
precautions, it i§ impoffible to give particular methods
for every one; the moft fécure and probable, by which
an engineer may fucceed, 'is, t6 confult the workmen,
who either live upon the fpot, or near it, and who
have been employed in fuch toundaticns; for they ge-
nerally know beft, what method will moft likely fuc-
ceed 5 by confulting feveral upon the fame fubjeét, if
they differ in their opinion, which is oftén the cafe;
it is the engineers bufinefs to judge what is beft to be
done, and from his own éxperience, joined to that of
the workmen, deduce the ‘method, by which he is to
carry on his work : But, notwithftanding all human
precautions that can be taken, yet acciderts will happen,
which are to be repaired as foon as poffible, and where-
by the engineer will learn how to avoid them after-
wards, inthe remainder of his works, =~ = ° 7

We have endeavoured to give here moft of the feve-
ral cafes,"'whi¢h’ commonly happen, in all fouridations
made upor the land ; and which, if ftudied with care,
i do'not doubt, but an'engineer with a moderate fhare
of praiceand kiowlédge will be enabled to perform
fuch works : But the'manner of laying the foundations
ia-water for'bridges, fluices, moles, and picrs fol: hat-
] e i L. . i . “ . .. ) ours’

L “
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bours, will be treated of feparately in the latter parg -

of this work.

How talcarryor’z’ the Wonvx{s;:éf' ¢sFORTRE S S :

. The firft thing to be done, is to knpw what part of.
a fortification is to be built firft: Some engineers be-
gin with the covert-way, and fecure it with pallifades,
in order, they fay, to prevent the enemy from difturb-
ing them in carrying on the works : This reafon may.
doin time of war, and in a place where the enemy can
come at; butina time of peace, it is entirely ground-,
lefs, becaufe it is a difficult matter to know exadtly
how much earth is required to make the rampart of
the body of the place, and thofeof the outworks; and
therefore by leaving either too much, or too little, the
carrying it afterwards to their proper places caufes a
great deal of fuperfluous expences, entirely owing to.
- the want of fkill in the engineer, .
~ Others chufe to begin with the flanks, and then go
on with the faces of the baftions, that in cafe an enemy
thould endeavour to difturb them, they might keep
him off by means of the guns placed therein : This
may do very well when the foundation is _good, but
would by no means be proper, where they are bad,
for the reafons given before; becaufe if one part thould
be built before the whole foundation is laid, it would
be fettled before the next is finithed, by which the laft
would break off from the former by its fettling : This
will even happen, when the foundations are good; it is
certain, that when the foundations are once laid al}
round, of about fix feet high, and well fettled s then
the reft of the wall of the baftions may be finithed firft ;
and forafmuch, that when they are full, require a great
quantity of earth, which is eafily carried through the
curtains ; whereas the earth for the ramparts of the
curtains cannot fo well be carried through a paffage in.
~ the baftion ; but, how?:ler, every enging

4 ~ hig



168 PRACTICAL 7 Patlll,’
his particular redfons, for beginning thie wor'ks fooner ,
one way than another.

When the foundations of the body of the p]acc are.
laid,- she firft thmg t6:be done is, the openings for the
common fewers in proper places, to carry off the filth
and rain water of the ftreets; and it muft be particy-
larly obferved - to give them a proper defcent; from the
center-of the place towards the.ditch, that the water.
may carry-off' the mud, otherwife thcy will foon choak
up, and require ‘continual cleaning; and they thould
always be carried either under or near the places where
the bog-houfes are to be made, that the water may
carry off the filth, and prevent their ftinking in warm
weather, and their being naufeous to the mhaoltants ‘

‘If there are any powder-magazines to be made in-
the baftions, or any other building, fuch as an hofpital
for the fick and wounded in time of a fiege, or ftore--
houfes to lodge ammunitions m, they mui’c be built at:
the fame time as the baftions; in order tHat there may
be no ufelefs removings or diggings of earth, which
would create fupcrﬂuous expences. If there are gal-
Jeries for mines to be made in any of the works, they
thould be begun at the fame time: In general, all un-
'der—oround works fhould be firft confidered, and begun
as foon as the foundation of the walls are laid: For
which reafon, not only the plan and profils of a fortrefs
fhould be made at firft, but likewife, drawings of the
moft minute parts of ‘all the neceffary buildings, which
depend on the fortrefs, with their dimenfions marked
upon tncm, and expreﬁ'ed in the efhmatc.

SECT.
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SECT VIII

M ETHOD 10 B¢ oé/érwa’ i mahng .
' 'MASONRY

lars of the materials ufed in the building of a
fortrefs, we fhall now fhew how they are to be applied:
in the beft manner ; and as ftone mafonry is by much.
the greateft part, ‘we fhall begin with that firft, and
then'proceed with the reft, each in their order. .

’ é&s mafosry made of hewn ftones is certainly the
beft, but at the fame time fo expenfive, that few works
are hardly ever whally built with them; for which;
reafon, engineers conitent themfelves.to, make the lowen
part of. the wall of them, for aboug 8, .70 or 12 feet
high, as likewife the falient angles quite up to the top :
and thq hardeft fort are chiefly ufed at the angles,
and in thofe places where a ftrong current, or the fea
can beat againft them: For if the ftones are not very
hard, the water ﬁnkmg with a great velocity, in an
obhque diretion, wears. them prefently out; as may
be feen at Portfmouth.

Mafons diftinguifh their hewn ﬁones by two names,
viz. ftretchers and headers;. that is, fuppofe a ftone ta
be twice as long as it is broad, then if it-be laid fo as
the length goes into the wall, it is. called a ﬁretcher,
but if the length appears on the furface of the wall, ic
is called a header. Thefe ftones are laid alternately,
a header, then a ftretcher, through the whole length

- of the wall; and at the angles, that which is a header
one way is a ftretcher anOther ,

The engineer or his overfeers, ought to be very di-
ligent, to fee that thefe ftones are well fquarcd and
when they lay them, that thcy bed well, that is, that

: r.hcy

H Aving entered i into all the moft neceffary partxcu-
0
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they lay quite flat on each other ; for the mafons often
are very carelefs in their work, either for the fake of
fpeed, or out of meer idlenefs; and when the ftones
are laid, and bed not well, they put wooden wedges
under the corners, tofave the trouble of removing and
fquaring them a-new ; which fhould be prevented as
much as poffjble; otherwife a wall can never be ftrong,
and firm, and therefore has not a proper ftrength to
refift the preffure of earth which is againft it. -
 The ancients were fo very nice in all their public
buildings, that no joint fcarcely ever appeared; which
they did by rubbing the joining furfaces againft each
- other, and laying the ftones without mortar, leaving
the outward furface rough, till the ftones were all laid,
and then making it fmooth : But this precaution is never
- taken now-a-days, for which reafon, no modern build-
ing comes up to thofe built by the ancients, either for
beauty or ftrength : For you may fee in the fineft build-
ings in England, the joints in columns or pilafter, half
an inch wide, filled with very bad ‘mortar, which by
the weather has been worn out in a fhort time, to the
great fhame of the modern archite@s. 3

The belt ftones beingufed in the facing, the reft is
made with fmall ftones, called rubble; but care muft
be taken, that this rubble work is well performed, in
making the workmen choofe thofe which lay clofe to
each-other, and that they fill up every part as well as
they can, and not by a quantity of bad mortar, as they
certainly will, if not prevented.
- If the walls are to be built in water, the ftones muft
be laid with terrafs mortar, thofe parts which are fome-
times dry and fometimes wet may only be laid in tile
or cinder mortar: when we fay that ftones are to be
laid in terrafs mortar, it is meant only round the facings,
and the reft is filled up with good common mortar; be-
caufe terrafs is very dear, “as little is ufed as canbe 5 I
would advife the engineer, to lay all the facings with
cinder or tile mortar, if he intends to, mgke I’conkg
: ' work.
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wotk. For the mortar commonly ufed in facing the

-works, is generally fo bad, that it requires to be new
" done in’ very few 'years; which is not only expenfive
but likewife troublefome. ' I

" The bricklayers and mafons content themfelves with

making the facing look well; for which reafon, when

they build by contraét they make ufe of mortar, with

very little lime in it, ‘that'is, no more than to keep the
fznd together ; and when the wall is run up, they fcrape
‘a'little out of the joints, which they point with 4 bet-
ter fort; {o that the wall looks as well asif it had been
built in the beft manner. The only reafon 1 can find,
for their making worfe work here than any where elfe,
is, that moft people in and about London build upon
leafes, o that' they contract with the bricklayer to do
the work, never troubling themfelves whether it is
well made or not; thinking if it but lafts their time it
is fufficient. ~ ~ . 7 '

~ This is what the workmen are {o ufed to, that when
they are employed, by the public, or government, it
requires the  greateft care and conftant looking after
them, to make them do better work.

The back part of walls, in ramparts and counter-
fcarps, thould be laid, for the depth of about two feet,
in ftrong mortar, fo as to dry-foon; and the earth
thould not be laid againft them before a twelvemonth;
. for if the wall is not well dried beforehand, the con-
tinual dampnefs of the earth will prevent it from dry-
ing afterwards ; and this is often the cafe, that walls
cannot refift the preflure of earth againft them, which
they otherwifein all probability would have done, had
the work been fet before the earth was laid againft
themn. e HiE e .

The manner of building arches, and other works un-
der-ground, requires fome particular precautions, be-
fides thofe mentioned already, which we fhall mention,
when we come to treat of thefe kind of works,
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M. Belzdor fays, that hard ftones fhould be laid.in
ftiff mortar, and foft ones in foft mortar ; which feems
to me quite contrary to the nature of the thing : be-
caufe the pores of hard ftones bcmg very fmall and
clofe, the mortar capnot enter into them without, be-
ing very foft and thin; on the contrary, foft ftones
have larrrcr pores, and are very fponcy, and therefore
requxre a greater {ubftance to unite them; whereas
thip mortar wnll foon be fucked inte the ﬁones, with-
out bemo able to unite them. ‘This rule is obferved
by joiners, for when the wood is hard, they make ufe
of thin glue, and on the contrary, in deal or other
foft wood they ufe that which is thick and ftrong,

The manner of building with bricks is much the
fame as that of building with ftone ; but it muft be ob-
ferved, thart as bricks cannot be cut to the flope of the
‘wall, and are always made fquare ; the bricklayers make
the joints at the flope fide bigger than within, in order
to follew the propofed proﬁl “which is a very bad prac-
tice ; for the weather beats the mortar out of thefe wide
Jomts, by which_ the wall requires to be new pointed’
every two or three years; we have inftances enoucrh of
this kipd, not proper to be mentioned here.

-~Angther defeét arifes from this practice, which is
that the courfes of the bricks length being at ri he
anolcs to the flope, and thereftlie in a level by which,
they make an angle, whereby the bricks can never bmd
fo itrongly toocther, as if they were all laid in the
fame plan; whercas, if the outward flope be made one
fixth part of its height, and the courfes perpendicular
to that’ flope, and to.lie in the fame plan, the bricks
will bind much beteer together, and make a ftronger
work; as likewife refift more the prciTure of the earth
as we have obferved before,

1 know that fome engineers, and moft workmen,
fay, that the courfes of ftone or brick fhould always
be in a level, fo as to bed well, otherwife, the wall
will not fupport itfelf uprwht but this is no more than a

COnccxg.
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conceit of the workmen, who will never go out of the
old beaten road ; for they do not confider that the pref-
fure of earth endeavours to throw them forwards; and
therefore, by oppofing a greater force to this preflure,
the walls muft laft the longer ; what they fay may do
very well in civil architeture, but by no means in the
military way. / o '

. An engineer fhould always confider, what method
anfwers beft the propofed defign, and never follow the
advice of others, unlefs it is agreeable to fenfe and rea-
fon ; for he that follows blindly the practice of thofe
that went before him, will never become a good engi-
neer : This may chiefly be the caufe of making fo few
improvements in fortification; for whoever reads au-
thors that wrote upon the fubje& fome hundred years -
ago, will be furprifed, to fee what few alterations have
fince been made, and thefe are, the moft part, for the .
worfe.

Another great defe&t in brick-work, is the large
joints made with bad mortar ; they are commonly three
quarters of an inch, whereas, half that thicknefs is
more than fufficient: A certain engineer piqued him-
felf, to have all the courfes exactly three inches; and
as the bricks are two inches and a quarter thick, the
joints were three quarters; but this ought not to fur-
prize any body, eonfidering- the humours of the per-
fon, which are altogether extraordinary, as well as moft
of his actions. ‘ ,

Sometimes bricks and ftones are ufed together, ef-
pecially, in places where ftone is fcarce : This may be
done to good purpofes ; for if the wall begins with-
ftone to about fix feet above ground, and then carried
on as high with bricks, and over this, a bed of large
ftones is laid, then bricks, as before, and another bed
of flones; it will make better work than bricks alone ;
becaufe, ftone being heavier than bricks, they kecp the

------ . When
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When large ftones are fcarce, the facings of walls
are made of bricks, and the reft with rubble itones; but
as it is hard to bind ftones and bricks together, the
work becomes very bad, unlefs great care is taken, to
intermix them in a proper manner. The French engi~
neers make the bricks go off from the facing towards
the back part of the wall, in an-edge, or like an in-
clined plan, and fill the reft with ftones; this may be
done another way, by carrying here and there a courfe
of bricks quite crofs the wall, of three feet broad,
and two high, at proper diftances from each other,
which will bind the wall pretty well together. In
thort, the engineer ought to judge from- the materials,
and his own experience, what is beft to be done upon
all occafions.

§ ECT IX

Of Casemars and all Jorts of under-ground
W ORKS. :

T HE method of building the walls of under;
ground works requires much more precaution,
than thofe that are above, not only becaufe they are to
be bomb-proof, but likewife to kefir out the damp or
wet, that whatever may be depofited in them, as men,
-ammunition, and provifion in time of a fiege, may
keep dry, and be preferved without any damage.
- In{mall fortreffes, there cannot be too many under-
ground lodgements, becaufe nothing can be fecure
otherwife ; fince the fhots and fhells can reach every
- part of the place, and deftroy it : Therefore there fhould
notonly bea fufficient number of magazines that are
neceflary to lodge ftores and ammunition, but likewife
hofpirals for the fick and wounded, and places to reft
. the fatigued foldiers, in a fecure manner. Whereas
: in
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in large places, there is always fome part or other
which are fecure from fhells or fhot, which may ferve
to lodge every thing that is not immediately wanted.

But before we enter into the particulars of their con-
firuétions and fituations; it is neceffary to explain the
manner of building them.

As we have but few works of this kind here, and
moft of them were built by fuch engineers as were not
ikilled in them; we fhall infert the method purfued by’
‘the French, given by Mr. Belidor in his Science des In-
Zeniures; as knowing that he had it from the moft
knowing and experienced engineers of France.

We fuppofe, fays he, that the mafonry has been
built with all poffible precautions, thatis, the ftone or
bricks to have been laid in mortar made of the beft
lime to be had, mixt with tile or cinder duft, and left
to dry a fufficient fpace of time before it is.covered
with a particular kind of cement, made according to
the following manner; B '

This cement is generally made of tourneys cinders,

‘which is nothing elfe but the cinders, that are found

in lime kilns, where they ufe coals, mixt with the
fmall particles of lime ftone : this is beat and prepared
every four or five days, for the fpace of fix weeks
obferving to put only a fmall quantity of water to it
the firft time, and none afterwards ; or this cement is
made with ‘mixing one third of unflaked lime, the
beft that can be had, with two thirds of terrafs, or
inftead of terrafs two thirds of pozolano, or-elfe old
tiles well burnt, reduced into duft, and paffed through
a fieve : but whether the one or the other of thefe ce-

“ments be ufed, the parts muft be well réduced into

duft feparately, with a hand mill, and afterwards’ the
two materials well beat and mixed together, and to re-
gea( this feveral times without any water, excepting at

rit. ‘ :
Before the cement is applied to the vaults, it is ne-
ceflary that the mafonry be well finithed, and had a
fufficient
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fufficlent tirte to dry, which is reckoned to be about
fix months ; then the joints muft be well cleaned with
a fmall iron hook, after that the duft and dirt being
fwept off very clean, fome water is fprinkled «.i:r it
with a water-pot; then the cement is laid over it, be-
ing well worked immediately before, of about an inch
and a half thick every where, and as even as can be ;
which is beat all manner of ways with a wooden battle,
‘of two inches broad only, in order to prefs the cement
better into the joints; after that, it is made quite
fmooth with a flat iron, fuch as are ufed for ironing
linen, till it begins to be hard ; and for fome time it
muft be rubbed over with a mop dipt into cement
made very thin, once every day, and then pafled im-
mediately over it with the aforefaid iron, to make it
fmooth ; and when this is done, it is covered with
ftraw, to prevent the heat from cracking it; this
work is continued till fuch time that no cracks appear
in it: after that it is wathed over for five or fix days
as before, without polithing or coverings.
~In applying the cement, care muft be taken, above
all things, to make it fmooth and even, and to termi-
nate the upper part in an angle like a roof; and fo as
no ftone appears through the cement. This being
done, the cement is covered with a bed of gravel or
coarfe fand of four or five inches thick, laid every
where very fmooth and even ; and upon this bed of
gravel is laid another of earth of about a foot and a
half thick, well beat and rammed down; and then
more earth is put upon it, and beat down; this is con-
tinued quite up to the furface of the ground: Mr. Be-
lidor fays, that the vaults in the tower-baftions of New
Brifac were built in this manner. :
- I fhould think, that if a bed of well-prepared clay
of about fix inches deep, was laid over that of the gra-
vel, and over that one of earth, it would much better
prevent the water penetrating to the cement, than
carth only; as to the gravel, its ufe is to fuck in the
. dampnefs
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dampnefs of the ground above it, and to keep the
moifture from the cement,

M. Belidor propofes another method which, he fays,
has E-¢n ufed in the building of a famous orangery at
Verfaslles, with great fuccefs, and which is as follows.

As foon the vault was made, it was well cleaned,
and a bed of rubble ftone laid over it, of 18 inches
thick, without any mortar, only duft of lime thrown

between the j joints ; upon which was laid a bed of the

fame duft four inches thick ; and then abed of pebble
ftone, and then another of flat ftone of" a foot deep
which was covered with another bed of lime duft of
four inches thick : this, he fays, was continued to the-
very top, and even with the level of the terrafs above
it : This vault has ftood hitherto the weather, without
the leaft change or alteration.

The fame author fays, that fometimes a bed of clay
a foot thick has been laid over the firft bed of ftone,
and one of mortar three or four inches thick over the laft,
and then the earth. To fecure the piers of under-
ground vaults againft the water filtering through the
earth, a wall of dry ftone is made againft them on the
outfide, of two feet thick, without mortar, the joints
being filled with gravel or coarfe fand; and the wall
is continued to within two feet of the roof of the vault;
the reft being finithed with good mafonry, and cover-
ed with the bed of cement, which Jays on the vault, and
is extended over the wall: this precaution will fecure
the piers from all dampnefs ; but itought to be obferv-
ed, that this dry wall fhould be two feet lower than the
foundation of the vault, in order to make a guttcr for
carrying the water into the ditch.

N . SEQT.
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SECT. X

Of SALLY-PORTS.

PlateIX. QY Ally-ports, or poftern-gates asthey are fome-
' times called, are thofc under-ground paf-
ages, which lead from the inner works to the outward
ones; fuchasfrom the higher flank to the lower, or to
the tenaills, or the communication from the middle of
the curtain to the ravelin. ' When they aremade for men
to go through only, they are made with fteps at the
entrance and going out, as may be feen in the firft and
fecond figures; it may be obferved, that when the
rampart is not of a fufficient height, as it happens
here, it being but 15 feet high, the entrance has been
funk 5 feet below the level, in order to fecure the arch
againft fhells; and the outfide of the archis circular
as well as the infide, and not in the form of a roof, as
Mr. Belidor would have it ; bécaufe it is not poffible to
make them fo, unlefs the rampart is very high; nei-
ther can the infide of the paffage be above 6 feet wide,
and the height but 8 and a half, otherwife it will not
- be covered with a fufficient quantity of earth to fecure it
againft accidents. '

There is always a gutter or thore made under the
fally-ports which are in the middle of the curtains, for
the water which runs down the ftreets to pafs into the
ditch, as we have marked in the firft profil; but this
can only be done when there are wet ditches, becaufe
the watcr would fettle in dry ones before the fally-port,”
and make it difficult to goout and in; befides, the {mell
of this dirty water would become very offenfive in
‘warm weather.

Thefe under-ground paffages are fecured by two
ftrong doors, the one at the entrance and the orher at
the going out; the outfide of the paffage is generally
) ; ' : walled
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. walled up in time of peace, leavingonly an opening
. like a window to let the air in, that it might not be
too damp, and rot thie doors. The fide-walls, or piers,
as well as the arches, are two feet thick above, and two.
and a half near the foundation ; there being no occa-
fion for counterforts, as Mr. Belidor has them; the
wall being of a fufficient ftrength to refift the preffure of
the earth, as we have found by computation. The
white fpace above the arch in the firft figure, terminated
by two parallel lines, reprefents the cruft of cement laid
‘overit, and the dotted {pace above this, the bed of
dry ftone, fpoken of before: the front wall at the en-
trance is raifed three feet above the rampart, to prcvcm:
people from falling down in the dark.

- At the fides of thefe paffages, powder-magazines
are often built, which are very neceffary, for having
ftores and powder nigh at hand to tranfport them into
the outworks in the timc of afiege; they are made in
Ppropartion to the quantity of ftores wanted. Thofe
marked in the fecond figure are 15 feetby 18 ; bur it
. muft be obferved, thart their width depends alfo on the
height of the rampart; becaufe there muft at leaft be
3 feet of earth above them, in order to make them
bomb-proof. The walls as well as the arch are but
3 feet thick, floping at the outfide, fo as to be but four
near the foundation, without any counterforts.

When fally-ports ferve to carry guns through them
for the outworks, inftead of making them with fteps
as is reprefented in the firft and fecond figures, they
muft be made with a gradual lope, as is reprefented in -
the third and fourth figures; and they mufl then be
8 feet wide: If the rampart is but low, the arch may
be made elliptical ; in fhort, in the building thefc paf~
fages, regard muft be had to the profil of the rampart,
and to.the ufe they are intended for, whereby the pro-
per dimenfions may be determined.

When they are made with a gradual ﬂopc, the
bricks of the piers or fide-walls: mut be made by ho-

N2 . rizontal
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Tizontal courfes, as high as the {pring of the arch 3 and
the arch itfelf perpendicular to the flope, in the man-
* ner reprefented by the third figure : there are two fold-
ing doors, one at the entrance, and the other at the
going out, that they may leave a free paffage for guns
and other warlike engines, and fometimes feveral of
thefe doors are made, in order to defend the paffage;
for which purpofe, wickets and loop-holes are made in
them, to retire through and defend them one after
another. '

The walls are about two feet and a half near the
foundation, with a flope on the outfide, fo as to be
two feet only near the {pring of the arch, and the arch
itfelf is but two feet without any counterforts; becaufe
the weight of the arch is fufficient to counterbalance
the preflure of the earth. The magazines on both
fides of this paffage are 14 feet {quare, and the walls
are halfa foot ftronger than the others. The top of the
arches of both the paffage and the magazines are co-
vered with a cruft of cement, .and above this with dry
ftones, as well as the fide-walls, in the fame manner as
has been mentioned before. L

In fortrefies where a river pafies through the ditch,
fuch a paffage as the laft is made to water the horfes ;
which are fometimes walled up in time of peace, and
at others left open, with a ftrong gate to lock them up
. atnight; but as they are the fame as the former, we
thall fay no more about them. As to the foundations
and many other particulars relating to thefe paffages,
we fhall leave them to the judgment of the engineer,
who is to confider well beforehand all the conveniencies,
and every minute circumftance, before he begins the
work.

It is cuftomary to build hofpitals far the fick and
wounded, under the level ground of the baftions, as
likewife powder-magazines, flore-hcufes,and ovens
" to bake the bread ; thefe buildings confift of a long
paffage from the center of the gorge towards the fali-

' . ent
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ent angle, with as many rooms on both fides as are
thought neceflary ; fome of them have chimnies, and
others air-holes coming out within the baftion ; thefe -
buildings are efpecially made when there is a cavalier in
the baftion ; becaufe they need not then be funk under
the level, there being always a fufficient quantity of

~ earth above them, to refift the force of the fhells.

Thefe works are built in the fame manner, and with the

. fame precautiops, as the former.

o

SECT. XL
Of CasemaTs in the RAVELIN.

S wé efteem the ravelins to be the moft effential of
all the outworks of a fortrefs, fo we think that
nothing contributes fo much to a long and ftout de-
fence, as the making them capable of all the refiftance
thatis poffible: For a town defended as it ought to be,
can never be taken, till fuch time the enemy is maf-
ter of the ravelin in'the front attacked. Coeborn and

 fome others have made their ravelins with cafemated

flanks, but for what reafon is unknown tome ; though
feveral pretended engineers look upon them as con-
fiderable works: It is therefore worth our while to ex-
amine their ufe and perfection, in order that young en-
gineers may not be mifled by the erroneous opinions of

- their fuperiors.

As thefe flanks cannot defend the ravelin, in which
they are, their intent muft neceffarily be to defend
fome other work : which can only be the breach in
the faces of the baftions oppolfite to them; the paffage
of the great ditch, or the covert way: But as the ra-
velin in the front attacked, is either'taken, or its defence
deftroyed by fhells, and the ricochet batteries, before
thele works are or ought to be attacked, it isevident,
that thefe flanks in the front attacked can be of no ufe

N3 . at
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at all. Neither can thofe of the ravelins in the fronts,
adjacent to that attacked, be of any ufe, fince but a few
of the guns placed there will bear upon the attack ; and
the befiegers have always ricochet batteries to de{’croy
the defences of thefe works, which fee the attack, as
may be feen in the fixth plate of our attack ; beflides,
the fame batteries which batter the breach in the baf-
.tions, will fce obliquely thefe flanks ; or the mott trou-
ble thefe flanks can caufe, is to oblige the befiegers to
raife two batteries of four guns each, in order to de-
ftroy them. I leave it therefore to the judgment of the
reader, whether it is worth while to make thefe expen-
five works, for fo little a purpofe, or whether fome o-
thers might not be made of a much better defence, and
of no more expence than thefe.

Notwithftanding that the ravelin in the front at-
- tacked at Bergen-op-zoom, had cafemated flanks, yet
the French took both baftions and ravelin at the fame
time, without given the belieged time to fire a gun
from them: this was not fo much owing to the bad
conftruction of the works, asto the unfkilfulnefs of the
+ defenders, or to fomething elfe not proper to be made
public.

Plate X. The beft way to fecure the ravelins, when
the ditches are dry, in my opinion, is to make redoubts -
in them, with a parapet of about 12 or 15 feet thick
only, and about two feet lower than that of the ravelin;
that thicknefs is fufficient, fince it canonly be feen
from the rampart of the ravelin: and if the counterfcarp
be cafemated in the manner marked with dotted lines in
the plan, Fig. 1; and as the plan of the works fhews
in the fecond figure ; it appears to me a difficult mat-
ter for an enemy to get polfeflion of it.

That there may be a fecure communication from the .
works in the redoubt to thofe in the ravelin, and from-
thence to the covert-way ; traverfes are made in the
ditches, marked L, L, in figure 1. or /, /, in the
fection, fig. 3: Thefe cafemats have two entrances, .

. j . marked
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marked E, E, in fig. 2, from the ditch or the capo-

‘nier ufually made from the oppofite curtain to the

gorge of the ravelin; as well as two ftair-cafes, marked -
D, D, in the fame ﬁgure, to mount into the redoubt,
as Tikewife two more in the level ground of the ravelin,
not marked here ; fo that if the enemy gets poffcfion
of one fide of the ravelin, the garrifen may fally out
through the other; or when. the redoubt is loft as well
as the under-ground work on one fide, thcy may retire
through the other.

As the befiegers can no other ways get pofleffion of
thefe works, than by mines; openings muft be left in’
the great gallery A, A, atproper diftances, for counter-
mines to be carried on all the way under the rampar®,
and behind the parapets, to refift the enemies miners; -
as likewife to oppofe every attempt they can make,
both above and under-ground, m fuch a manner, as
to make it equally hazardous wherever they may choofe -
to affail the work.

The openings of thefe galleries into the ditches of
the ravelin and redoubt muft be well fecured with
ftrong doors, full of iron, and behind thefe others

- with wxckcts and loop-holes, to retire behind, and to

defend the entrance that way, in cale the enemy fhould
attempt it ; as probably he would if they were not well
fecured.

The walls of thefe under-ground works need only
be about two feet thick near the foundation, with a
flope on the outlide, fo as to become a foot and a half
near the fpring of the arches; this will be fufficient,
becaufe the arches will fecure them againft the preflure
of the earth. The piers which feparate the lodgments
B, are not fo much made to ftrengthen the wall, as to
prevent the arches from bemg too high, which may be
elliptical or parts of circles. * Thefe lodgments are 10
feet wide, that is, as much as the great gallery is
broad, in order that the arches may join well; and

N4 the
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the bafe of the piers are 8 feet long ; fo that the whole .
breadth of the great galléry and the lodgment together
is 18 feet.

' The bottom of this gallery muft be about 18 inches
above the bottom of the ditch, in order to fecure it
from dampnefs, and the piers are 7 feet high, with
loop-holes between them, which look into the ditch,
to give air to the lodgments: as to the reft, the plans
and fection fufficiently fhew our meaning, without
being neceflary to enter into any farther explaination :
The only thing to be farther obferved, is, that the
arches at ‘the entrance E, and over the ftair-cafes D,
muft be made conical as to the others, the rcader
may eafily perceive how they ought to join.

Mr. Cochorn made fuch oallcnes all round his coun-
terfcarp at Bergen-op-zoom, “with loop-holes to fire into
the ditch, and at the re-entring angles of the places of
arms, lodomcnts nearly fuch as are marked here,
which he called Tazbours : and to fecure the entrance
above ground, he made a traverfe on each fide of the
ftairs, as likewife placed a row of palifades. As thefe
lodgements made the beft defence of all his works, in
the laft fiege; it is plain that they are very advanta-
geous in a fortrefs ; but as to the gallery round the
counterfcarp, it was of no other ufe than to lodge the
troops fecurely from danger, and to carry from thence
galleries for mines under the covert-way and glacis.
For which reafon, 1 would either choofe to make none
or one of about 6 or 8 fect wide, which would fuffici«
ently anfwer the intent propofed ; and befides, would
coft very little more than a fingle wall with counter-
forts : there might be fome wooden doors placed at
proper diftances, with loop-holes, fo that if one part
was taken: by the enemy, the defenders may retire fe-
curely into the others.

As to the cafemats under the places of arms, thcy
ought by.no means to be neglected ; and to fecure their
eatrance above, there thould. ﬁmll redoubts be made

5 of
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of 12 or 15 feet parapet, and adry ditch before them ;
by this means the places of arms may keep off an ene-
my a long while, and make them pay dear if they take
it; as ic happened to the French at Bergen-op-zoom.

. It may be cbferved in general, that a fortrefs with-
out under-ground works can make but a fmall defence
now-a-day, againft the great quantity of artillery
with which - armies are furnithed at prefent; for the
defences above ground are foon deftroyed thereby :
therefore an engineer,who undertakes to fortify a place,
muft make ufe of all hisfkill and knowledge, to con-
ftru& fuch under-ground works, as are beft adapted

to the nature of the fituation ; and to be as faving as

poflible, becaufe thefe kind of works are naturally very
expenfive. '

4

"' "SECT. XIL
Of CASEMATED FLangs.

ESS. Coeborn and Vauban were very
Plate XI. M fond of cafemated flanks, the former

made fome in the ravelins at Bergen-op-zoom, and the
latter in his tower baftions at' New Brifack ; they have
been in great efteem formerly by moft engineers, and
a fortrefs without them was not thought to be of any
ftrength; but now-a-days they are generally rejected,
becaufe experience has fhewn, that the fmoak becomes
foon fo troublefome as nobody can bear it, notwith-
ftanding all the chimnies and air-holes that can be made
to prevent it. '

As the only obje@ion againit thefe cafemated flanks,
is their fmoaking, engineers have endeavoured to find
fome remedy or other for it: but that propofed by
Mr. Belidor feems, in my opinion, to be the beft, and

" is what has been praltifed in feveral places, -as I am

told, and have feen myfelf at Por/mouth, near the fea;
i ' : which
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which is, to leave them open behind, in the form of
piazzas ; fo that each gun has an arch over it, as the
plan, elevation, and fection, in the eleventh plate fhews
by the letter B3 and the embrafures are marked by the
letter C, which are Mr. Belidor’s own draughts ; he
fuppofes the thicknefs of the front wall to be 18 feet,
and to be of folid mafonry; but as this would be very
expenfive, and feems to be ufelefs, I would only make
a common wall, and line the embrafures with brick, the
reft being filled up with earth in the fame manner as o-
ther parapets, as we reprefcnted by one half of the plant
1 faid, that the embrafures thould be lined with bricks,
becaufe they, being fofter than ftone, do not fplinter fo
much, and the fthots make only holes, without break-
ing them fo foon as if they were made of ftone. Above
thefe cafemats Mr. Belidor propofes to make another
battery, as may be feen in the feétion at A, annexed to
the out(ide elevation: but inlow ramparts, fuch as we
propofe, it will hardly be poffible, and therefore thisup-
per battery may be left out.

This method of making batteries may be of great ufe

‘

near the fea or great rivers where large thips can ap-

proach pretty near; for they generally place men on the
top matft round, which, being higher than the parapets
of low batteries, gaul the gunnersin fuch a manner with
fmall thort, that they cannot ftand to their duty 5 thisis,
as | take it, the reafon, that thips always get the better
of land batteries, and not the {uperiority of guns, as the
mariners imagine ; whereas, if the batteries were arched
in the manner propofed here, it would be quite other-
wife.

Another obfervation is to be made, inregard to thefe
cafemated batteries, which is, that if the piers were
broader near the parapet, than at the other end, and the
arches conica!, fo as to open more behind, the fmoak
would evaporate in a freer manner, than if they were
cylindrical ; it is true, that the conftrution of conical
arches is more difficult, and not very common, but an

engineer
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engineer {hould never confult the eafinefs of the perform-
ance, but rather the perfection and ufefulnefs of the
work.

If this manner of building batteries near the fea, or
navigable rivers, fhould be thought too expenfive upon
fome occafions, it will be fufficient to make fheds over
them with planks or even with canvafs, to prevent the
gunners from being feen, when they are upon the bat-
tery ;. for as they are in no danger of fhells, any thing
that covers and hides them will anfwer the purpofe;
- but the cafe is different in flanks, becaufe what the fhot
cannot effe&, the fhells will do, if no precautions are
taken againft them. ' .

As we are treating of flanks, it will be proper to con-
fider the conftrution of the embrafures; whofe common
form is, to make them narrow within and wide with-
out ; fo as to enable the guns to fire not only direétly,
but likewife obliquely : this method has been objected
againft by a late authur, faying, that the embrafures are
fooner deftroyed this way than if they were narrow with-
out and wide within. But as this author has very little
‘knowledge in gunnery, notwithftanding his boafted ex-
perience, he did not know that it was impracticable to
move the guns fide-ways, from one fide of - the embra-
fure tothe other, as the nature of thefe embrafures re-
quire : whereas the ficld carriages, having only two
wheels, are eafily direéted ro the right or left, as
occafion requires, when the embrafures are narrow with.
in and wide without: This gentleman, fecing loop-
holes' made in this manner at Bergen-op-zoom, imagined,
1 fuppofe, that cannon were as eafily managed as muf-

- kets, with which he is beft acquainted,

: . SECT-
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SECT. XIIL

Of CaPONIERS.

CAPONIER is nothing elfe but a paffage
A made in a dry ditch from one work to another ;
when they are made from the curtain of the body- of
the place to the oppofite ravelin, or from the front of
a horn or crown-work, they have a parapet on each
fide of feven feet high, floping in a glacis on the out-
fide to the bottom ‘of the ditch ; the width within is
from 15 to 18 feer, with a banket on each fide: there
is a brick wall to fupport the earth within, of a brick
and half above, with a flope of a fifth part of the
height; this wall reaches only within a foot and a half
to the top; to prevent grafing fhot, from driving the
fplinters amongft the defenders. Thefe caponiers with
two parapets may properly be called double ; for there
are fome made with one parapet only, in dry ditches
of the ravelin, and in that of its redoubt, towards
the falient angles, and open towards the body of the
place; it is true, that thefe fingle ones are alfo called
traverfes, butdiffer from the traverfes in the covert-way,
by their tops flopingin a glacis to the bottom of the
ditch, whereas the others are made in the form of all
other parapets. '

- Caponiers made from the body of the place to the:

outworks, are fometimes arched over, with loop-holes
to fireinto the ditch ; they have likewife doors on both
fides for a communication from them into the ditchj
becaufe the beficgers never fail to deftroy them by fhot
and thells, to render the paffage more dangerous. The
fingle ones in the ditch of the ravelin and redoubt
are likewife made with arches open towards the place,
fuch as we have fpoken of here before; by making
them-in this manner, the guns which defend the ditch

o S before
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before them can no other ways be difmounted than by
mines, and when they are fo low as that no mines can
be made under them, the enemies paflage over thefe
ditches becomes very dangerous. ‘

To make the paffages or communications from one
work to another, fo as not be interrupted in time of a
fiege, or deftroyed, isthe moft difficulc partof fortifica-
tion ; for when the retreat out of awork is cut off or
made dangerous, the troops in them neither will nor can
defend them with fo much courage and bravery as they
would do otherwife ; and thisis the reafon that an enemy
always endeavours to deftroy them; and fhould likewife
engage engineers to preventit.

SECT. XIV.
of TowN-GATES and GUARD-HOUSES.

HESE gates are made various ways, fometimes
T there is only an open paffage cut in the rampart,
fhut up by a ftrong wcoden: gate, or "with a draw-
bridge; and at others, this paffage is arched all over,
with a guard-houfe within, and a draw-bridge and a
gate on the outfide ; the outfide front is generally or-
namented with pilafters and a pediment; the decoration
chiefly depends on the tafte the engineer has in archi-
teture. o

As we have no author that has wrote on military ar-
chite@ure, nor any of our fortreffes, that I have feen,
has any works of this kind worth mentioning ; I was
- obliged to have recourfe to Mr. Belidor’s Science des
Ingenieurs, which is the only work that treats of thefe
things, in the modern tafte; for whatis to be found
in Dilichius, Spekel, and other old German authors, is
of fo grotefque a tafte, as fcarcely would be followed
now-a-days. But as the French are fo magpificent in

tkeir military buildings, and the defigns of this author. T

are
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are chiefly adapted to large fortrefics, which are not in
ufe, nor neceffary in this country ; we have endeavoured
to make ours in fuch a manner as will moft probably
be of ufe to our engineers.

Plate XI. Our firft def ign in this plate is quite
. plain; the width of the pa(fage is ten feet, and arched

above ; at the entrance within is a guard-room for the
foldiers on one fi de, and one for the officers on the
onhcr, each of thefe rooms is twelve feet fquare, hav-
ing a window in the front, two fect and a half from
the ground, three feet wide, and fix high; foritis a
general cuftom in all buildings to make the windows
on the ground floor twice as high as they are broad;
the chiminies are four feet wide, and a foot deep,
half of which is taken out of the thicknefs of the wall
and the other projeéts into the room, and is fupported
by piersof a foot thick : the doors are three feet wide
and feven high. -

The walls of the paffage which fupport the arch, are
eight feet high, three teet thick near the foundation
with a flope on the outfide, fo as to be two feet and a
half at the {pring of the arch, which is alfo the thick-
nefs of the arch itfelf; the walls of the guard room are
two feet thick only, and the height of the elevation
from the bottom to the roofis fifteen feet.

- I have made no counterforts to thefe walls, becaufe

the preflure of the earth, together with the ftrength of
the wall, will be fufficient to refift the preflure of the
arch. Thxs arch, as well as all thofe mentioned here-
after, muft be covered with a bed of cement and dry
ftones over them, as has been mentioned before, where
we have treated of this fubject.

The outfide of this paffage, that is next to the ditch,
is fhut by a ftrong wooden gate covered with iron bars
and rails, fo as not to be cut open by any tools; and
if it be thought neceflary, a draw-bridge may be made;
but as this gate is defigned for a fmall fort only. there

is no occafion of makmg any ornaments that require
much
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much expences ; for which reafon, a plain wall with a
pediment will be fufficient.

Plate XII. As the outfides of gates are made va-
rious ways, and thole in ravelins, horn or crown works,
are different from thofe of the body of the place, be-
caufe the paffages are notarched, bur always left open
above ; we have given bere threc different forts ; the .
firlt is quite plam, and may ferve for'any outwork:
it is compofed of two piers of 24 feet high and 7
broad, with a bafe of two feet high, having a cornith
and round balls above ; the opening in this and the two
following ones, is 10 feet: The firft figure reprefents
the elevauon, and the fecond the ground -plan, with
the flopes and projections; there is a draw-bridge to
this gate, the ic&xon of which is reprefented in the

‘elevanion.

The third ﬁgurc reprc(lnts likewife the elevation of
a gate ia an outwork, made in.a more expenfive man-
ner than the former: For the two piers are of hewn
ftones, ten feet broad, and 27 high; each of them is
ornamented with two pilafters, made according to the
Tufcan order; that is, the height is fix times their
breadth, the plinth or bafe is half the breadth high;
as is likewife the torus or moulding next to it, with

_thefillet: And if we fuppofe the breadth of the pi-

lafter to be divided into 24 equal parts; the aftragal
and fillet is one and a half of thefe parts, the gorge 4,
the next fillet one, the quartderond 3, the abacus 3;
and the laft fillet one ; the entablement is 30 of thele
parts: The fourth figure reprefents the ground plan,
with the flopes and prqe&xons :

The third gate, reprefented by the fifth figure, is
defigned for the body of the place, when the paflage is
arched ; the width of the gate is 10 feet, the height
from the bottom to the fpring of the arch is 8, but
may be from 8§ to 10 0or 12; the diftance from one
wall to' the other 14, and their height including the
cornifh 30, and 12 broad; as to the pilafters, pedi-

2 ment
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ment and mouldings, they are the fame as before, and
the pediment is from one third to two ninth parts of
its bafe high : The pediment ought to be ornamented
either with the king’s arms, or with military enfigns,
and above the gate under the arch, which joins the
piers, the arms of the city, or elfe of fome particular .
_ perfon of note, who has moftly contributed to the
building of the place. : :

Thefe are only a few fpecimens of gates, to give the
_young practitioners an idea of thefe kinds of work;
the proportion of the parts may vary as well as'the
ornaments ; but when there are pilafters or columns,
they muft be conftructed according to the dimenfions
of the order, they are made of : We have made ufe of
the Tufcan order as being the moft fimple; but a
young engineer ought not to content himfelf with what
has here been given, but apply himfelf to that part of
architecture, which is moft ufeful; and if he wants
gates of a finer tafte, he may confult Mr. Belidor’s
Science des Ingenicurs, where he will find a great variety
and well-chofen examples.

Gates of large fortrefles require more attention,
than thofe of fmall ones; they muft not only be fecur-
ed with draw-bridges, but with port-culifits, harrows,
ororgans. A port-culifs is a wooden gate ‘well co-
vered with iron, with fharp points, drawn upin a day-
time by pullies, and let down at night: A harrowisa
gate made of timber, whofe dimenfions are commonly
6 by 4 inches; and 6 inches diftant from each other,
well faftened to three or four crofs bars, and fecured -
with iron: And an organ is a wooden frame, with
double bars, through which the timbers flide and fall
down : the organ differs from the harrow in that the
timbers are not faftened together, and is often prefer-
. ;xed to the harrow on that account ; becaufe it is faid,
" that if an enemy cuts one timber to pieces another may
immediately be let down, which cannot be done in the
harrow, ‘ I

The
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The i)drt-éulifs, harrow, and organ, ferve all for the
fame purpofe ;  that is, to ftop an enemy in cafe he has

. found means to let down the draw-bridge ; either the -

one or the other may be ufed as the engineers think
proper, and fometimes two of them, that if one has
been cut or burnt, the othér may ferve to ftop the:
enemy. o e R
But to leave nothing which may give a clear idea to’
beginners, we fhall give fome defigns of thefe gates
s when we come to treat of draw-bridges, barriers and
other things of that kind. L
Plate XIII. As we have given one example only of
a town-gate, which is very plain and fimple, we fhall .
prefent the reader with another, that may ferve forthe
body of the place, which, though plain, yet is, in my
‘opinion, fufficiently ornamented ; it is compofed of an
arched paffage and two piazzas at the entrance, for the
conveniency of foot paflfengers, to get by carriages

- thatenteror goout; at the left fide of the entrance i$

the guard-room for the foldiers, and at the right the .
room for the officers, and as this laft need not be fo
large as the former, a prifon is made, fo, as to make
both fides of the paffage alike: above thefe rooms; and

- over the gate, are lodging-rooms, for the town major,

and fome other officers. _ ‘
The paflage is ten feet wide, and the projections to .
form the cavity for the port-culifs, as well as thofe on |
both ends, are fix inches; the thicknefs of the walls
or piers which fupport the arch is four feet near the
foundation reduced to three above near the fpring of
the arch, and are 8 feet 6 inches high, and the arch is
three feet thick. The length of this paffage, and that
of the former depends on the thicknefs of the rampart,
for which reafon, they are not determined ; the piaz-.
zas at the entrance are g feet wide, and 12 deep; the
piers which fupport the arches 5 feet each way; the
guard-room for the foldiers is 20 feet long, and 14
deep, with two windows of 2 and a half or 3 feet
o . wide,
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wide, and as high again; the chimney 4 or 5, and the
door 3 by 7: The officers room is 10 ; feet long, and
14 deep, and the prifon 8 by 14; the walls of thefe
rooms are 2% inches or three bricks thick ; the wall be-
tween the officers room and the prifon is a brick and a
half only, and the chimneys 4 feet wide; as to the
windows and doors they are the fame as the others.
As this building is too large to make it but one ftory
high, it was for this reafon we contrived the above-
mentioned lodging rooms above it : the elevation here
is that of the infide or entrance, in which we could not
-reprefent the chimneys for want of reom in the plate :
The fifth figure of the laft plate is the elevation of the
outfide next to theditch ; to this front is annexed ano-
ther building, the lower part of which ferves for the
_ bafcul of the draw-bridge, and the upper, to receive
the port-culifs : The fection through the length of the
paflage thews partly the nature of the building, ‘whofe
breadth is equal to that of the paffage and walls.- ,
As the infide and outfide buildings do not join above, -
there is a paffage left between them for a free commu-
_nication upon the rampart, from one fide to the other;
that part of the arch is covered with a bed of c¢ment,
and dry ftones over it, with three feet of earth befides.
In this fetion is alfo feen the fide of the wooden frame
a b, called dafcul by the French, which is fixed to the
draw-bridge, by one end 4, with a chain at each fide,
each pafling over two pullies or rollers, turning upon
an axis at the other end &, and is a kind of - cotnter-
poife to the draw-bridge, to raife-and let it down by 3
the particulars of which fhall be explained hereafter,

Where we treat of :draw-bridges. :
~ “There are ftone fteps made at the fides of the infide
building to mount upon the rampart, which are not -
marked here in the plan, but are neceflary, becaufe
there s always a fentry placed there at night -befides,
when there is an alarm, that the guard may-mount -
quickly, and without any obftruction. A
T : . t-
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At the entrance of a fortrefs, and in the works that
cover the gate, fuch 4§ ravelins, horn or crow n-works,
are guard-rooms built, for the party without the inner
gite, and which are fhut out at night by the draw-
bridge in the curtain of the body of the place: Thefe.
buildings cotifift of two roomis, one for the officer, and
the Gthier for private men, as the plan and elevation in
this plate thews.

The officers rdom is 12 by 12 feet; and that of the
private men 12 by 15; and there is a piazza of four
arches before it, of 6 feet broad, and "as long as the’
building, for thé fentry to walk under in hot and rainy
weather; the arches are fupported by five piers or pillars
of about 1 5 inches fquaré, and at 6 feet diftant from
each other : the wall is two feet thick, the windows 3 -
wide; and as high again; the chlmneys 4 feet wide,
.and the doors 3 by 7; the elevation is about 16 feet
high, including the parapet wall of the roof: The
piazza may be made arched or flat roofed, according
as It is thouglit proper by the engineer.

'S ECT. XV.
Of BRIDGES.

Plate XIV.FFYHE next works in order are the

bridges of different kinds, fuch as
draw-bridges, tummg-bndgcs, ftone or wooden im- .
moveable bridges ; as the draw-bridges are immedi-
ately joined, and make a part of the town-gates, we
fhall enter firft into their conftruion.

They are generally .ten feet wide, and twelve long'
and are compofed of the trunion-beam 4, head-beam 5,
and fix joifts C, covered with two inch planks, de
The trumon-beam is 12.inches broad, and 1o thick
the head-beam 10 broad, and 8 tthk and the _]01&5
are five by fix, tenanted into the trunion and head-

O 2 , beam ;
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beam ;. as thefe planks would foon wear out by the car-
riages that continually pafs ovér them, they are covered
with iron bars of feven feet long, and about three
inches broad, one over each joint, and one upon the
middle of the plank ; their number is generally 32 ;
each of thefe bars is faftened with four eramps, which
are not reprefented here; the joifts are likewife faftened

underneath to the trunion and head-beams with iron -

plates each about 3 feetlong: the trunions are about
fix inches long, three in diameter; faftened to the
trunion-beam with two plates, one above and the other
below, bolted and rivetted together; the rings or
handles of the chains are joined to the head-beam
much in the fame manner as the trunions.

Draw-bridges are drawn up and let down, by various .
contrivances; the moft common way is, by a wooden -
fram=, fuch as is joined to the draw-bridge in the third
figure ; it may be obferved, that the fide beams GK,
HN, go tapering from the trunions E, F, towards the
ends K, N, in order to make the frame EG HF, nearly
of the fame weight as the draw-bridge: It turns round
the trunions E, I, upon iron plates, and the frame HG,
moves in a cellar under the gate-way, built for that
purpofe ; there are two holes, one on each fide, to ~
thruft two long poles, through upon the ends H, G, to
prefs them down, and raife the draw-bridge, as like-
wife two chains are fixed to thefe ends, paffing through
the fame holes, with a large ring at the end of each,
whereby the bafcul is drawn up, and the draw-bridge
let down. This method can only be ufed when the
ditch is dry ; for when it is wet, the cellar is apt to fill
with water, notwithftanding all the care that can be
taken in the building of it; whereby the wood will rot
in a fhort time, and the draw-bridge is in danger of not
being drawn up when it is required; befides, the
making this cellar in a proper manner, fo as to be wa-
© ter-tight, will be very expenfive. '

Ano- |
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Another method of drawing up draw-bridges, and
which is often practifed, is to make the bafcul feparate,
and not joined to the bridge ; fuch as is reprefented by
the fecond figure: This frame is fixed by the trunions
at L, P, over the gate-way, and two chains, fixed ¢n -
+ the other ends M, Q, go each over two pullies or rather
rollers, and are faftened with the other ends to the
head B, D, of the draw-bridge BC, figure 1; fo that
when the part M Q, is drawn down by chains faltened
to them for that purpofe, the draw-bridge raifes. This
method has the advantage, that in cafe the enemy thould
find means to break the chains which faften the draw-
bridge to the frame, and thereby make it fall down,
the frame M P, will alfo fall down and ftop the paffage,
and it will not be in his power to raife it: But in cafe
any thing fhould happen to the chains, an opening W
is left in the middle of the frame, to pafs through it,
and this opening may be thut up by a wicket, that is
to be lockt upon occafion. We have fuppofed this
-method to be ufed in the gate-way, reprefented in the
thirteenth plate, where the fide view of the beam
P Q_is feen in the third figure, as well as one of the
chains wich its rollers.

It muflt be obferved, that the head M Q_of the
frame muft be well loaded with timber, in order ta
bring the frame nearly in equilibrio with the draw-
bridge ; which is not fo eafily done as one might ima-
gine; and experience has fhewn, that many engineers
have mifcarried in their defign; and when this does
not happen, the draw-bridge cannot be let down nor
drawn up, without very great difficulty.. ,

The only way of doing this, is to have timbers, or
any other weights, fixed near the piece M Q, fo as to
{lip off and on, and when both the bride and frame
are fixed, to try how much weight w go.

" Plate XV. Another way of fixing draw-bridges,
15, a bafcul with wings, fuch as is reprefented by the
fourth figure, which is fixed over the gate-way, upon

03 . the
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the two trunions E, F, and the chains are faftened to
the ends of the wings; and two leffer ones to the’ ends
A, C, of about elght feet long, with rings of 8 or 10.
inches diameter, in order to draw down the hind part

-/ of the bafcul, and thereby raife the bridge ; and .the

bridge is let down, by raifing up the hind part AC
to the height of 5 or 6 feet, and then with poles they
ufh it up higher, whilft others get upon the brxdgc to

grmg it down by their own wenght

When thie bridge is down, two bolts fixed to it are
puthed into two {’caplcs, drove into the fixed bndge
and to guard the fides of the bridge, that’ nothing may
fall over, there are two ftrong chains faftened” with
one end to the wall, and the other to the poft of the
immoveable bndgc, about four feet abovc the draw-
bndge o

It is eafilv perceived, tnat the bafcul E C, muft be
of fuch a weight as that the bridge may be drawn up
with a' fmall forcc, for which reafon, the frame is
loaded with timber towards the hind part A C, in the
manner reprefented here, in this figure; and it hap-
pcns fometimes, that they are abliged to faften thells
or any other heavy weight at the ends A, C, to bring
the weight of the bafcul nearly equal to that of the
draw-bridge.’

- This method of fixing draw-bridges has been in ufe
a long while, and has becn practiled more than any
other, but when it is ufed in' the draw-bridge of the
body of the place, the cavities cut into the front of the
building, to receive the wings, disfigure the ornaments

of that ront very much; and another i inconveniency it

has, is, thatevery time the bndge is raifed, it requires
a great force at firft to move it; this motion accele:

‘ ratcs afterwards more and more, till at laft it bccomcs

fo great, that it fhakes the building very much.
But'when draw-bridges ar¢ made to the outworks,
or fometimes on the middle of a fixed bridge, this
mcthod is always ufcd thcn the bafcul A D is iupporl:-
ed
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ed by a wooden frame, of about 12 feet biéh, upon
which the trunions E, F, turn: Itis true, that when
the bridge is drawn up, the wings are upright, and
- exceed the height of the bridge, by about 12 feet,
‘which the befiegers endeavour to break by firing at
them, and if they accomplifh their defign, the draw-
bridge falls down, whereby the paffage is left open’
But 4s no other method has yet been found, that an-
- {wers the purpofe better, this has been ufed to this

day. ‘
Mr. Belidor has propofed a new method of moving
draw-bridges, in his Science des Ingenieurs, that feems
to be preferable to any other hitherto known: which
is, infteéad of a bafcul, he fixes two cylindrical weights
to the chains, which move in a curve on each fide of
the paffage, in fuch a manner, that the motion of the .
bridge is always uniform, provided thefe weights are
properly adapted ; fo that without fpoiling the front of
the building, or fhaking it, two men may move it up
and down with the greateft eafe. ,

Thofe young engineers, who are defirous of know-
ing how this curve is conftruted, and the weights ‘are
applied, may confult that author.

Of fixed or immoveable BRIDGES.

Fix¢d or cormon bridges are either built with wood
or ftone, or fometimes with both ; they are of various
lengths, according as the ditch or river is lefs or more
broad ; they differ likewife in their breadth ; for thofe

.built over the ditches of a fortrefs are feldom above
14 feet broad, which is fufficient for two carriages to
pafs in'breaft, though they never allow above one at a
time: but bridges built over large rivers, are from 20
to 36 feet broad : That at Fulbam is 22 feet broad, and
Weftminfler bridge 44, including the foot paflages, and
parapet walls. - .

When the bridge is to be built with ftone, -and the

ditch is dry, the mannerof laying the foundations of

04 the
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the piers, isthe fame as that of walls ; it muft only be
obferved, that as'the piers fupport a great weight, the
bafe of the foundation muft be made large ‘in pro-
portion ; and they are always 'piled, "and have a
wooden' grate ovér them, unl‘elz the bottom be rocky,
or otherwift very hard: But when the ditch i$ wet;
two rows of dove-tail piles or planks, are drove round
the foundation, at about 6 feet diftance from it, and
‘4, 5, or 6 feet from each other; and the interval be-
tween thefe two rows of ‘piles is rammed full of clay,
fo as to keep the water out; or elfe, two rows of com-
mon piles are drove as before, of '3, 4, or 5, feet diftant
- from each other, and to thefe piles are nailed boards at
the'infide, and then the interval is filled with rammed
clay as before. oo
* - This being done, the water is pumped out, and the
foundation funk, as befork: This method will ferve
in moft cafes, excepting in deep water, where the cur- .
rent is very great: 'As to the proportions of the piers,
in regard to the width 'of the arches, and the length
of the arch-flones, they will be given in the latter end
of this wotk, = -~ ot
v If the bridge is made of wood, after the ditch has
been funk to its proper depth, rows of piles are drové
a-crofs the length of the bridge, at 10°or12 feet dif-
tant from one another; the length of tg:fc rows is equal
to the breadth of the bridge ; and 4, 5, Or 6, pilesin each
of them; when they are drove in as far as they will
Plate XV, = 8% Phe upper part is made level, and
TSt bearing beams 121d over them, into which
they are tenanted ; over thefe the tie-beams are laid,
and then the 'planks.  The firft figure repreferits’ the
elevation of fuch a bridge, the fecond the plan, and
the third the fe&tion.: = -« T
The piles A, ‘are a foot fquare, and the ‘bearing
beams B, 14 inches broad, dand='15 or 16 high, and
the tie-beams C, 8 inches broad, and ‘12" high; as. to
the binding joifts'D, they are about 8 inches high,
. TR S L T T - 1an-a
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and 6 broad ; the planks are 4 inches thick ; the poﬂ;s
E about 4 by 6 inches, the top-rails 4, about the iamc
dimenfions ; the middle rails & and ftruts f, are fome-
‘what lefs than the former.

The bearing-beams B, are ten feet from each other,
and fupportcd by five pxlcs each, and often with more,
that is, when the bridge is very high: Thefe piles
fhould open below, as is reprefented in the fection,
ﬁgurc 33 but it is eafier to drive them vertically, as
they " are gcr'erally in that pefition; but fince Mr.
Vaulvois’s new invented machine, they are as ealily drove
obliquely as upright; we choofe this pofition, as mak-
ing the bridge ftronger and firm: If the foundation is
hard and ftony, the piles are fhod with iron: The
abuttments of all ‘bridges are always made of ftone,
becaufe the firmnefs and ﬁrength of the brxdge depend
very much thereon.
~ When a bridge is made over a navigable river, the
‘middle opening between the piles -is made wider than
the reft, in order that the boats and fmall craft may pafs
throuoh and to prevent them from running foul on
the pllcs, two or three planks are nailéd on them, a
little above the furface of the water. When the cur-
fent is pretty rapnd it is neceffary to add breakers;
" that is, two rows of piles are drove within five or fix
feet of each other, and two piles in the center line be-
tween them, at about fix or eight feet diftance from
the bridge, fo as to prefent a point on each fide; thefe
piles are braced to the others with timbers of about 4
- by 5 inches, in two or three places; there are alfo
boards nailed to them, in the fame manner as we have
mentioned before. "~ This is the way that Fulbam bridge
- was built ; but thofe over the ditches of a fortrefs re-
quire no fuch precautions,

" As the piles of wooden bridges are liable to rot very
foon, in ditches which are fometimes wet, and ay
. Others dry; the beft way to make the work durable, is
'to lay a foundatnon of mafonry under them, as h:gh :s
the
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the higheft watér, upon which ftrong.beams are laid,
into which the piles are fixed with tenants; this will -
make the bridge laft much longer, and thereby the
often repairing is avoided, which is not only expenfive,
but likewife very inconvenient in ftopping the paf-
~ fage out and in of the place. .
To prevent the carriages from déftroying the planks,
-fand and gravel is laid over them, of about a foot or
more deep; and very often they are paved, efpecially
thofe of fortified places; the gravel or pavement is
made higher in the middle than at the ends, that the
rain water may run off freely, and not rot the wood :
*This may be feen in the third figure, as likewife in the
fecond ; where one part reprefents the gravel or pave-
ment, and the others, ‘the planks and the binding
joifts. ' »
! Some engineers drive the thickeéft part of the piles
foremoft, and, on'the contrary, others the fmalleft ; the
reafon the former give for their ‘prattice, is, they fay,
that timber fhould be yfed in the pofition they grow,
whereby they will laft longer ; becaufe the fibres or
grain of the wood are as it were adapted by nature ta
that .pofition ; whereas the lacter affirm, on the con-
trary, and I think, with good reafon, that being, placed
fo, the wet will enter more eafily in thofe parts, where
the branches have been cut off, and of - confequence,
thé wood will fooner decay : but if they are in a con-
trary polition, the water will run off, without being
able to enter through the pores of the wood. '
As our defign is not to give a compleat treatife on
bridges, but only fo much as is neceffary for a young
enginecr to know, and what moft commonly ‘happens in
practice ; we fhall enter no farther into the manner of
making all forts of wood bridges, either with a fingle
arch, or with a great many ; neither fhall we fay any
thing of turning or flying bridges, as being uncom-
mon in this country ; we fhall add only fomething re-
lating to bridges of communication from one work to .
another ;
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another ; -as relating: more immediately to-an engineer’s
bufinefs. -

~ As the befiegers endeavour -always to-deftroy thefe
bridges if poflible, either with fire, fhells, or fhot;
in order to hinder the troops in the outworks from  be-
ing relieved or fuccoured by the garrifon, and to ob-
ftruct their -retiring, ‘when hard ‘prefled : To prevent
this, thefe bridges are made as Jow as is poffible, that
is, they are made even with the furface of the water,
and fometimes a foot under it; and, to fave expences,
piles are drove in the manner mentioned above, oppo-
" fite to each other, and covered with a tie-beam ; this
is repeated at every ten or twelve feet diftance, quire
crofs the ditch, like fo many truffes; over which planks
are laid, when there is occafion to pafs over, and not
before ; atall other times thefe planks are keptin ftore-
houfes. ‘ o ’
" When there is -a fufficient depth of water, a good
number of ‘boats are alfo kept to pafs from the currain
to the ravelin, in cafe the bridges fhould fail : thofe
that go frem the ravelins to a counterguard, lufret,
tenaillon, or into the covert-way, are always placell
near the extremity of the ‘faces, where a part of the
parapet it eut off, to pafs by, or elfe a paffage is made
through it for that purpofe. ' '

S ECT. XVL
Of Barriers, Gates, and Powrcdusszs,.

Plate XV. HE fifth figure in this plate repre-
' ' T fents a barrier-gate, fuch as are made
in the covert-way, at the entrance of a town, orinthe
paffages cut in the places of arms, through the glacis;

which is about 14 or 15 feet wide, and 10 feet high:
the two fide-pofts are from 10 to 12 inches fquare, the
part which is funk into the ground is left rough,ba‘nd
: - - about
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about fix feet long; the futle is as broad as the pofts
are thick, and about fix inches high: the frames of
the gates are from 5 or 6 inches fquare, and the planks
6 inches thick. Thefe gates are locked by an iron
bar, turning about a bolt, fo as that when one end
raifes, the other turns down, and one end is catched
by an iron hook, whilft the other is faftened with a
padlock,

The fourth ﬁgure in plate XIV. reprefents a gate
mace under the covered gate way ; each fide turns up-
on a ftrong iron pivot, ftanding on an iron focket, and
are faftened above to the wall, with hooks and hinges,
much in the ufual manner of common doors ; the out-
fide is covered with iron bars, in the manner reprefented

“here, for about eight feet high, and the parts between
the bars are drove full of diamond headed nails, to
prevent their being cut open : In oneof thefe gates, is
made a wicket, in  order to pafs- through, when #here
is any danger of furprize, and in the morning before
the party of men, thatis fent out to recqnnoitre and
fee whether any enemy appears, is returned ; the upper
part of the gate is left plain, without any iron, becaufe
there is no danger of cutting it there.

The fifth figure of this plate reprefents a harrow or
port-culifs, which is drawn up by means of two-chains
fixed to the upper ends A and B, and the other ends
are faftened to a wooden roller, thh a handle on each
fide, which, when turned round, the chains roll upon
it, and [ift up the gate, and are fa&cned above, by two
ftrong bolts: the lower crofs bar is covered with an
iron flat bar from one end to the other, as likewife the
rails or uprights as high asa man can reach to prevent
its being cut open.

Thefe portculiffes are, in my opinion, bcttcr than

thofe called organs, becaufe if an enemy fhould come -

fo near as to cut it open, it will not'be fo eafily done,
if they are well covered with iron; and the men be-
hind them may fire throucrh it wnh very little danger ;
""" whcrcas,

.



Se¢.17. FORTIFICATION. 205

whereas, the eénemy miuft be very much expofed to ™
their fire: befides, there might be an opening left
above, to throw ftones and blocks of wood upon thofe
that dare approach them.

SECT XVI

Of SENTRY-BoXEs and NECESSARY~
Houses. I

ORMERLY fentry-boxes were made of hewn

 ftones, and placed on the falient angles of the
baftions, ravelins, and other outworks, and fixed to
the walls ; as they may be feen in mof fortified towns
in France, with a flower de luce at the top of them:..
but it has been found by experience that they ferve as .
marks for the befiegers to dire¢t their approaches by,
for which reafon, they build no more in .this manner :
the prefent method is to make them of woad, and fo
as to be moved from one place to another; and they
are moftly placed at prefent upon the middle of the
parapets of -the faces; and wooden fteps are made to
get up, or flopes are fometimes cut into the parapet for
that purpofe ; by which the enemy has it not in his
power to make any advantage of their fight; thefe
wooden ones are, befides, lefs expenfive, and anfwer
the intent full as well, which ought always to be confi-
dered in every kind of work whatfoever.

Plate XV. The figure given to fentry-boxes is
either pentagonal or fquare; we make- it a pentagon,
as may be feen in the plan, figure 6, and the elevation,
figure 7, as being more convenient; for by turning -
the point outwards, the adjacent parts are better dif-
covered from the fides next to that angle : the fides are :
about four feet long, and fix feet high; the timbers
of the bafe ought to project about a foot each way, f» -
as to have a good bafe to ftand upon, to prevent th;

© win
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wind from blowing it down 3 and if  this bafe is not {uf-
ficient, it may be pinned down by ftakes: In each
fide is a.hole to look out, of 4 inches broad, and 8§
high : as the plan and elevation of this fentry-box is -
fo plain, there requires no further explanation,

~ The fentry-boxes placed. near the governor’s houfe;
powder-magazine, houfes, &c. are made of a fquare
form, becaufe the fentry has but one or two places. to
obferve: each fide of:the.bafe is fourfeet, and the box*
fix high, befides the covert : and they are made fo light

~ as to be eafily turned about, or carried from one place
to another. : .

"Public boghoufes fall likewife under the care of the

engineer : They -ought to be placed over rivers, or
ftanding - water, if it can be done, to prevent, if pof-
fible, the ftench from becoming naufeous ; but where
this cannot be done, they are placed on the curtain,
where a paffage is cut through the parapet, and fup-
ported with braces againft the wall, fo as to hang
over the ditch'; but care muft be taken, not to place
them too near the fally-ports, otherwife, they will
make the paffage difagreeable. But, in my opinion,
if they were ‘placed at the flope of the rampart, over
the common-fewers, it would be much better, becaufe
the rain and- other waters of the ftreets would carry off
all the naftinefs; which'makes them fo difagreeable,.

'8.E C T. XVIIL ,
Diftyibution of HOUSES and STREETS.

YO WN'S were formerly built. any how, accord-
I.;‘ ing to the builder’s fancy, without -the leatt re-
gerd to regulasity or beauty; but now-a-day, when a .
place:js fortified,: which is not occupied by any houfes -
ot other buildings, . great care is taken, to: make.every. -
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part within as regular as is poffible ; for which reafop,
caré is taken to make the ground level, at equal dif-
tances from the center of the place, and defcending
gradually from that point in an eafy flope towards the
ramparts ; that the waters in the ftreet may run inte
the ditch.

‘Some German engineers will have the ftreets to part,
from the center of the place, and direted to the mid-
dle of the baftions and curtains, pretending that there~
by, the troops affembled upon the parade, may render
themfelves in a fhorter time to any part of the rampart,
where their prefence is required ; this might be well
for the defence; but then all the houfes, and other
buildings are made with a bevil, which is fo great an.
inconveniency, that I believe, this, method will never.
be put in pratice. .

Itis not only the regularity of the ftreets, which is.
fufficient, but likewife the rightly placing all the mili«
tary buildings, fuch as the governor’s houfe, guard-
houfes, ftore-houfes, and magazines of différent kinds:
The governar’s houft is aptly placed in the middle of.
the fide of the grea: fquare, oppofite to the great churchy
fo that he may fee the troops, parade, and the garri-
fon under arms, irom his windows, or gallery; there
fhould likewife be a guard-room in that fquare, from
which the fentries placed at the governor’s door, and
near the magazine are taken. The other guard-rooms
are placed near the gates, and fometimes one near the
barracks : The ftore houfes and magazines are beft -
near the ramparts, where they are at hand in cafe of
fiege : As to the powder-magazines, they are always
placed in the gorges of the baftions. In places near the
{ea, or navigable rivers, the naval ftore-houfes muft
be as near the harbour, where the fhips lie; as poffible 3
on the contrary, thofe for land fervice on the oppolite,
or land fide; as we have mentioned in the firlt book.
of fortification, where we have given the conftruction
of thofe places. '

S When
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When a town i$ very large, and therefore much
room to build upon, it is neceflary, for the publick ufe,
to make feveral fquares; but on the contrary, if the
place is but little, and no room to fpare, there muft
at leaft be one, in the center of the place, whofe big-
nefs ought to be in proportion to the extent of the for-
tification, and confequently, to the number of troops
required to defend it: For this fquare not only ferves
as a market place, but likewife, to draw up the troops
and parade onit. Mr. Belidor thinks, that a fortrcfs
of fix baftions, whofe exterior fide is 180 fathoms,
thould have a fquare, whofe fide is from 40 to 45 fa-
- thoms, a place of feven baftions, one whofe fide is
from 55 to 60; that of 8 baftions, from 70 to 753
that of g or 10 baftions, from 8o to 85; and lattly,
that of 11 or 12 baftions, from go to g5 fathoms;
however, he fays, that the engineer employed in thefe
works will- be able to judge of the proper bignefs
which thefe fquares ought to have. '

There is commonly an open fpace left at the en-
- trance or every gate of the town, in order that the
guard-houfe, which is made there, may have room be-
fore it, to draw up the guard, and, in cafe of danger,
to defend the gate and adjacent places : befides, thefe
openings have a good appearance, and ferve allo for
the carriages to get out of the way, when any others .
are coming in. -

In regard to the ftreets, the principal ones thould go
from the great or principal {quare in the center, direét-
ly to the town-gates ; to the ramparts, and to the cita-
del or harbour, if there is any; in order to be énfi-
laded by the guns and troops, placed in that fquare in
cafe of any danger or furprize: It muft be obferved,
that the crofs ftrects are all parallel to one another, and
perpendicular to the former ; fo that 2ll the buildings
be at right angles to each other. c

The printipal fticets are generally 36 feet wide, in
order that three carriages fay pals a-breaft at a

) time,
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time, or if two of them fhould ftop, another may
pafs by, as likewife room for the foot paffengers;. but
in regard to the other ftreets, they need not be fo
large; if they are from 18 to 24 feet wide, it will be
fufficient, becaufe there pafs feldom above one or two
carriages at a time. ' )

- The diftance between one ftreet to that which is par-
allel to' it, is various; Mr. Vauban made them only
the breadth of three houfes, at New Brifac; that is,
but one between the two corner houfes; which, in my
opinion, is not fufficicnt, becaufe there is fcarcely any
room left behind to build warehoufes, or fhops for
workmen, which are abfolutely neceffary 3 neither is
there any room for gardens or qpenings for the light
and air to pafs freely, both ufeful for the prefervation
of the inhabitants. i L

- We fuppofe that each houfe takes up 36 feet in the
front, and the interval between the, parallel ftreets is
equal to the breadth of four houfes, or 144 feet; fo
that if the houfes are 36 fcet deep, each of them will

- have an opening behind of the fame extent, excepting

the corner houfes; either for a garden, or to build
fhops or ftore-houfes: we fuppofe thar the fhops to
work in are all behind, and in the front only thofe to
expofe and fell the goods.

Plate XVI. We made but one fquare in this defign,
whofe fides are 75 fathoms, butif it fhould be thought
neceflary to make more, one of the fpots occupied by
houfes terminated by four ftreets, in the moft conve-
nient place, may be ufed for that purpofe; and itis there
where the market for dry goods may be kept, anda
town houfe thould be built, _ _

The governor’s houfe is fuppofed to be in the great
fquare, marked by the letter B, and the great church
oppolfite to it; marked C: the governor’s houfe takes

' up as much room as three others, and his garden as
much as two: fo that the houfe is 108 feet in front,

and 36 in depth, and the garden 36 feet broad, and
T P
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72 long: and if this.is not thought fufficient, the whole
opening behind may be taken into his garden. -

It is alfo common to build a fountain in the very
center of the place, or great fquare, decorated in 3
neat manner, with four fpouts facing the four principal
ftreets: For fince water is the moft neceffary thing’
wanting in a garrifon, both for men and cattle; there
cannot be too much care taken to fupply the place
with it: for which reafun, water is brought from
fprings, or rivers near hand, by means of pipes, and
engines if neceflary, at the fame time that the town is
built; there ought befides this, in the center of the
place, to be feveral others contrived, in the corner of the
ftreets, if the place is large, to fupply every part of the
town plentifully. o

When an oldplace is fortified where there are houfes,
the ftreets are left as they were; the principal ones
are only widened and made ftrait if poflible, either by
demolifhing the old houfes; and building new ones, or
elfe waiting till the old ones decay, and then obliging
the inhabitants to build. them on a ftrait line: this is
often practifed by the French, when they fortify old
towns, as I have feen at Douay, and other places : itis
true, that this is againft the laws of England; but any
thing that tends to the benefit of the public in general,
ought to be preferred before the obftinacy of private
people who lofe nothing by it. '

In new places built abroad, in plantations where
there is fufficient room, and . where the fortification of-
ten confifts of the town-wall and ditchonly ; I would
make the intervals between the ftreets greater than what
we have reprefented here in this plan, as likewife all the
bye ftreets about 30 feet wide : For nothing contributes
more to the wholefomnefs of the place, as well as agree-
ablenefs, than fine large ftreets, and great openings
behind the houfes, planted with trees, efpecially in
warm climates; belides, all the fhops to work in,
thould be built there, and no others ought to be per-

- mitted
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mitted in the front of the ftreets, than thofe for felling
.goods, as we have obferved before.

The engineer employed in the building of Halzfax,
in Nova Scotia, has, in my opinion, committed a great

iniftake, in‘building the ftreets fo near to-each otheras

"hedid; for each houfe is 36 feet in front, and 72 in
depth, and no opening is left behind, as I have been
informed, by an officer that was there, and employed
in the works. This miltake can arife from no other
reafon, than the manner of building fortified places in
Europe : butthe cafeis quite different, becaufe thefc places
have a great number of outworks, befides the body of
the place; for which reafon, we are obliged to crowd
the buildings as much as we can, that there may be

room for -the inhabitants, befides a large parrifon :
‘whereas abroad, where the fortification is COnﬁdera,blc,
the place fhould be made a3 pleafant and convenient
as poflible. '
It was faid, the few pcoplc that went there, were not
fufficient to clear a larger fpot of ground; but in an-
fwer to this, I fay, ‘they need not clear more ground
~at firft than to build upon; and leave the openings
behind for another opportunity, -when they have more
time ; by doing this, - the wood left may ferve for tim-
ber to build out-houfes, and the branches for fewel to
burn, when perhaps they muft go far for ir, and are

~expofed to the infults of the Indians at the fame time.
The ftore houfes for amunition and artlllery being
military edifices, and rcqumng much room, it is not
eafy to determine their fituations, becaufe they depend
on many circumftances, which cannot fo well be known
as upon the fpot; it is neceflary to obferve, that they
fhould be feparate from one another, as well as from
other buildings, to prevent accidents as much as is
poffible, which may happen by fetting the adjacent .
-+ buildings on fire, either by chance, or. by the contri-
vance of an enemy: When there is a brook or river that
pafles through the town, it is requifite, for.the good
P2 of
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of the fervice, that the ftore-houfes thould be near it 3
to bring timber and other materials, as well as ftores,
by means of water carriages.

We placed the ftore-houfes and magazines here, near
the curtains, which have no town gates; fuch as are
marked D ; becaufe they are not near at hand, to tranf-
port them wupon the rampart, where they are wanted in
cafe of afiege: and the triangular openings formed by
the ftreets may ferve them as yards, which fhould be
walled in; they are likewife pear the barracks, which
is another conveniency ; for as foldiers are commonly
employed in ranging and moving them, they are near
at hand upon all occafions. : .

The barracks are generally placed near the rampart
of the curtains, as marked here by the letter G; with
pavillions H at the ends, which are defigned for the
officers lodgments ; this is undoubtedly the propereft
?lace for them ; becaufe an open fpace may be left be-
ore them to draw up and exercife the troops; the de-
tachments in time of war may be more privately made
for any enterprize that might be thought neceffary,
which could not fo well be done in any other place ; and

" the troops are quite feparated from the inhabitants, with
whom tﬁey do not always agree. .

As the tap-houfes and bake-houfes, for ammunition-

bread, are neceflary for the fubfiftance of the garrifon,

‘they ought to be built near the barracks, and fo as to
have a guard-room not far from them, in order to pre-
vent any riotous proceedings, that might happen; and
as to the hofpital, it is almoft needlefs to meation, that
it thould be placed in fome bye place or other, fo as to
be feparate from the inhabitants, and noife of the work-

. men; efpecially near a brook or river, in cafe there is
any that paffes through the town, :

This is nearly all that can be faid in regard to this
qubject, when the place is large; but in fmall forts
there requires not {fo many ftore-houfes, which how-
ever are always placed near the rampart. Infuch pl:;}ces,

where
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where there are harbours or citadels, regard muft be
had to them in the placing thefe buildings; but the
fubject being fo plain and eafy, it requires ‘no far-
ther explanation; fince a little praétice and common
fenfe will fuggeft the neceffity of placing thefe build-
ings in the moft convenient manner: but the execu-
tion of thefe, and all other military buildiogs, requires
much more capacity and knowledge, in order to make
them folid, and at the fame time convenient ; which we
fhall difcufs more particularly, by treating of them each
feparately. _ .

We have omitted feveral other things too trifling to
be mentioned, which the reader will partly fee in the
fixteenth plate, which befides will ferve asa further
illuftration to what has been mentioned ; and what re-
mains to be done, we muft leave the fagacious reader to
find out himfelf, the fubject being too capious ta treat
particularly of all the minute parts,

SECT. XIX
Of POWDER-MAGAZINES.

ORMERLY powder-magazines were made in
X' a quirte different manner from thofe at prefent; they
placed the powder in towers that had been built in the
town-walls, by which they became liable to many acci-
dents; for when the powder happened to be fet on fire,
either by chance or by fome concerted fcheme of the
enemy with the inhabitants, it opened the town, and
made a breach for the enemy to enter, 'as it happened at
Aire, according to Mr. Belidor, when that place be-
longed to the Spaniards : The French, who then befieged
it, having got intelligence from fome inhabitant, found
. means to fet the powder on fire, that was placed in one
of the baftions; which had (o great an effeét, as to make
a large breach, and as foon as the befiegers had prepared

- P 3 for
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for an affault, the garrifon furrendered, whereas, with-
out this accident, they might have defended themfelves
much longer. :
F mdlng by experience, that the building magazines
in the rampart was of dangerous confequence, they
are now placed in different parts of the town, and made
of various figures ; but it was a great while before the
right one was found : the moft common had feveral
pillars in the middle to fupport the arches; byt tobring
thefe double arches under the fame roof, the top muft
be loaded with fo great a quantity of rnafonry as almoft
burft the arches: finding this method inconvenient, it
was agreed to make them of one fingle arch, as being’
much better than the former: the form of this arch
was of the Gotbic kind; and in order to get more room
for lodging the powder, a floor was made at the {pring

1t.

Plate XVII. But Mr. Vauban having obferved, in
Afeveral fieges, that thefe kind of arches were too wcak
and that the floor loaded the piers very much to na -
purpofe, fince prudence requires not to lodge fo much
powder in the fame place; and being better to divide
it into feveral parts, he abfolutelyx reje@ed all the
different methods till then followed, and propoled a
new one, much more perfett; and which is thag
reprefented by the firft and fecond figures, and is the
only one hitherto executed with fuccefs; though fome-
thing may be changed for the better, as we fhall fhew
hereafter.

If we may believe what has been faid on that fubjedt,
we are told, that there were thrown upwards of 8q
thells upon a magazine of this fort, at Landaw, with
out doing the leaﬂ: damage to the vault : the fame
thing is reported to have happened at /¢, and in fe-
veral other places. Mr. Demus, dire&or of fomﬁcanon,
and a perfon of good reputation, affures, that in the
fiege of Tournay, by the duke of Malborough, where.
he ferved, there were thrown upwards of 45000 fhells

into
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into the citadel, and the greateft part of them fell upon
two powder-magazines of this fort, and yet neither of
them was damaged ; whereas there were fome built with
Gotbhic arches, that were deftroyed by three or four fhells
that fell upon them, notwithftanding that they had
been covered with five or fix feet of earth, fome time

berore the fiege began. - ‘

The dimenfions of Mr. Vauban’s magazines are as
Yollow ; the plan is 60 feet long, clear within, and 25
broad ; the foundations are g or 10 feet thick under
the long fides which fupport the arch; and thefe fides
he made 8 or g feet thick, according as the mafonry
was good or indifferent, and 8 feet high from the foun-
datjon to the fpring of the arch ; fo that, making the
floor about two feet from the ground to keep it free
from all dampnefs, there remained 6 feet for the height
of the ftory. . '

_ The thinneft part or hanches of the arch is three
feet thick, and the arch made of four lefler ones, one

over the other, and the outfide of the whole terminated

in a flope to form the roof ; from the higheft part of.
the arch tq the ridges is § feet, which makes the angle
fomewhat greater than go degrees; the two wings, or |
gable ends, are four feet thick, raifed fomewhat higher -
than theroof, as is cuftomary in other buildings ; asto
their foundations they are 5 fect thick, and as deep as
the nature of the ground reqnired,

The piers or lang fides are fupported by four coun-
terforts, each of fix feet broad, and 4 feet long, and
their interval 12 feet; between the intervals of the
counterforts, are air holes, in order to keep the miaga-
zine dry and free from dampnefs; the dices of thefe
air-holes are commonly a foot and a half every way,
and the vacant fpace round them are three inches, made
fo as the in and outfides be in the fame direttion, as
may be feen by the plan; the dices ferve to prevent an
enemy from throwing fire in, to burn the magazine,
and for a further precaution, it is neceflary to ftop

' Py thefe
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_ thefe air-holes with feveral iron plates, that have fmall
holes in them like a fkimmer, otherwife fire might be
tied to the tail of a fmall animal, and fo drive it in that
way ; this would be no hard matter to do, fince where
this precaution has been negletted, egg-fhells have
been found within, that have been carried there by
weafles.

" To keep the floor from dampnefs, beams are laid
long-ways, and to prevent thefe beams from being
foon rotten, large ftones are laid under them; thefe
beams are 8 or g inches fquare, or rather 10 high and
8 broad, which is better, and 18 inches diftant from
each other; their interval is filled with dry fea coals, or,
chips of dry ftones; then over thefe beams are others
laid crofs-ways, of 4 inches broad, and 5 high, which
are covered with two inch planks.

To give light to the magazine, a window is made in

each wing, which are fhut up by two fhutters ofi2 or 3°

inches thick, one within and the other without; that
which is on the outfide is covered with an iron plate,
and is faftened with bolts, as well as that on the infide.
Thefe windows are made very high, for fear of accidents,
and are opened by means of a ladder, to give air to the
magazine in fine dry weather. ,
There is likewife a double door made of ftrong
planks, the one opens on the outfide, and the other
within; the outfide one is alfo covered with an iron
plate, and both are locked by a ftrong double lock ; the
ftore-keeper has the key of the outfide, and the go-
vernor that of the infide: the door ought to face the
fouth nearly if poffible; in order to render the maga-
zine as light as can be, and that the wind blowing in
may be dry and warm. Sometimes a wall of 10 fecg
high is built round the magazine about 12 diftant frem
ir, to prevent any thing from approaching it without
being feen. .
Here we take not fo much precautions, for I nevet
did fee any with double doors, er fhutters, aind they
4 ' are
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are built in fo flight a manner, that it would be an eafy
matter to deftroy them. I have feen a project - for
mending a powder-magaziné at Minorca; there were to
be no lefs than four doors, and as many windows as
are cotnmohly made in a dwelling houfe: there was to
be likewife a brick floor, and to render the work com-
pleat, crofs-walls were to be built within, at every
twelve feet diftant : and yet this proje& was contrived
by a perfon of the greateft repute for his fkill in en-
gineering ; and would, in all probability, have been ex-
ecuted, had I not prevailed with thé furveyor general
at that time to lay it afide. '
- Such a magazine as this will hold about 200,000
pounds of powder, when the barrels are fix above one
another; which however is not dorie, byt in cafe of ne-
ceffity, becaufe .when they lie fo much on each other, it
is very troublefome to remove them, and change their
pofition, which ought to be done once a year at leaft;
otherwife the falt petre, being the heavielt ingredient,
will defcend into the lower part of the barrel, and the
powder above will lofe much of its goodnefs; but to
revent the barrels from rolling, when fome are taken
off, two wooden pofts areerected, of about 4 or 5 inches
fquare, between every 16 or 12 barrels, by this means
they may be piled up as high as you pleafe, or taken off
without any danger.

Mr. Belidor would have brick walls made under the
floor, inftead of beams, and a double floor laid on the
crofs-beams ; which does not appearto me to be fo well
as the manner propofed here ; the reader is, however,
at liberty to chufe that method he likes beft. '

Inftead of making the fide walls 8 feet thick, as
Mr. Vauban does, we have made ours here but feven,
and turned the counterforts contrary to his pofition ;
that is, inftead of being 6 feet broad, and 4 long, ours
are 6 feet long, and 4 broad, which ftrengthen the
walls very much; as his were only 12 feet diftant from
each other, ours become 14 feet afunder, fuppofing the

extreme



218 PRACTICAL Part III.

extreme ones to be within a foot ftom the infide of. the
wings produced. o

Icis likewife to be obferved, that inftead of making
four arches one over another, each of them the length
of a brick thick, in the manner of Mr. Vaubgn, we
make but one continued arch three feet thick, which
makes it much ftronger, as it eafily might be proved
by what has been demonftrated in the fecond fe&ion,
The reafon of making our fide walls feven feet thick
~only, inftead of eight, according to Mr. Vauban, is
becaufe we found, by the rules of mechanics, and the
ftriteft computation, but 7 feet and two inches, when
they are four feet long, and fix broad: but by making -
them fix feet long, and four broad, the walls are capa-:
ble of a greater reliftance than his, and they being
" found ftrong enough by a long courfe of experience,
there cannot be the leaft doubt, but that ours will be
fufficiently ftrong.

In the theory of arches we made no allowance for
friGtion, but confider the ftones only according to
their weight, whereas, in that of the walls which fup-

rt earth, we made an allowance of one third of the
weight, for the friction, and yet our walls are ag
ftrong as thofe built by Mr. Vauban; it may feem con-
traditory to make no allowance here ; but if it be con-
fidered, that the ftones never clofe and bed fo together
as to make one continued folid, as the theory fuppofes 5
but on the contrary, lay often hollow, and the void
fpaces are filled up with bad mortar, it isa great while
before thefe piers or walls are dry, and become capa-
ble of as much refiftance as is required : befides, an
allowance muft be made to refift the force of the fhells
thrown upon them, as has been obferved in the fecond
fection.

* In order to fucceed in thefe kind of buildings, itis,
" highly requifite that the engineer fhould watch the
workmen continually, in order to make the wall as

folid and compact as poffible, that thé ftones or brick(.}
; : - ) be
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bed well, and a0 holes big enough to hold a ftone or
brick to be filled with mortar: And laftly, to make ufe.
of the beft materials to be had thereabouts; and when
the arch is built, the centers fhould be left to fupport
them, at leaft for fix months, that is, till the work is
fetcled and dry, otherwife the arch isin danger of tumb-
ling down, or elfe the walls muft be made I’crongcr than,
they need to be.

The third and fourth figures reprefent the plan and
fetion of a large magazine,  for ftowing a great quantity
in the fame place : the piers or fide-walls, which fup-
port the arch, are here 10 feet thick, ']z feet long, and
25 high, from the foundation to the pring of the arch ;
the middle wall, which fupports the two fmall arches of
the ground ﬂoor, is'8 feet high, and 18 inches chick, as
are likewife the arches; the thicknefs of the great arch
‘1s 3 feet 6 inches, and the counterforts, as well as the
air-holes, are the fame as in the former. .

Such large magazines as this, are by no means to be
built in fomﬁed towns, becaufe if any accident thould

* happen, 3ll the powder would be loft at once, whereby
the place would be obliged to capitulate; but in fome
inland part of the country near the capital, where noene-

my is expecled, they might be ufed, as for a general
magazine, and that from thence the powder might be
diftributed to the feveral places where it may be wanted :
yet, in my opinion, it would be better to make two
fmall ones, and place them ata proper diftance, that

" if one fhould be blown up by accident, the other might
be fafe.

The ridge of the roof makes a right angle in both
thefe magazines, and it is neceflary to obferve, that
as the foundations grow deeper, fo they pught to in-
creafe in width; this is obvipus from the common
pra&tice of making walls thicker as they increafe in
height ; but no certain rule has hitherto been given,
to know how much that increafe is to be; fuppo[' ng

;he foundauon to ponc& mwards, by ix inches only,
which

. Pt
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which feems to be fufficient, fince the walls never fall .
that way : then I would allow fix inches for every foot
and a half depth on the outfide, fo that if the foun-
dation be fix feet deep, its breadth muft be increafed by
two feet divided into four fteps; by this means you
may know at all times how broad a foundation muft be,
when its depth is known. Although this rule is not
founded upon a demonftration, yet, by the obfervations
of common practice, it appears to be fufficiently accurate
upon all occafions. : o

SECT. XX
Of BARRACKS, HosprtaLs, and STORE+.
HOUSES. L

Plate X VIII. BARRACKS are built nowsa-day in

all fortified places, to keep up the
difcipline, and good order in the garrifon: they have
been found fo ufeful, that no place is built without -
them ; and experience thews, that thofe garrifons which
have them, are much more quiet, on account of the
conveniency which non-commiffioned officers have to
vifit the quarters every evening, and to fee the foldiers
fhut up their quarters, which cannot be done when they
are lodged amongft the inhabitants, where they have
the liberty of goingout and in whenever they pleafe ;
befides, when the governor has a mind to make a de-
tachment, or fend out a party, he cannot do it, without
the knowledge of the whole town : If any alarm hap-
pens, the garrifon cannot be affembled without great
trouble and lofs of time; whereas, when there are bar-
racks, every thing neceflary for the good of the fervice
may be done with eafe.

Barracksare built different ways, according to their
different fituations. When there is fufficient room to
makea large fquare, furrounded with buildings, they

. are
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are very convenient, becaufe the foldiers are eafily con-

fined to their quarters, and the rooms being contigu--
ous, any order may be executed with privacy and ex-

pedition, and the foldiers have not the’leaft connexion

~with the inhabitants of the place, which prevents quar-

rels and riots. '

This difpofition of the barracks is efpecially conve-
nient for the horfe ald dragroons, becaufe they wanta
“convenient place for the daily mounting their horfes ; and
in this cafe, the lodging-rooms are built over the ftables,

with a gallery ferving for a communication from one
_room to another, quite round the building, with ftair-
cafes in the corners, and fometimes another jn the mid-
dle of each front; but care muft be taken, to make the
firft row of lodging rooms pretty high, orelfe they will
be darkened by the gallery above them.

When the barracks are built near the ramparts of the
curtains, as Mr. Vauban has don¢ in almoft every
.glacc he fortified, they are compofed of a large pile of

vilding ina ftrait line, for lodging the foldiers, with
_pavillions at the extremities for the officers: thefe bar-
racks are generally two or three ftories high, befides the
ground floor. : .

Between every two rooms in the fgont, is an entry
of 8 feet wide, with doors to the four contiguous
.rooms, and a ftair-cafe leading to the upper ftories ; as
to the bignefs of the rooms, Mr. Vauban made them

22 feet long, and 18 broad, in order to hold four beds
each; I have feen fome large enough to hold fix beds,
“and with two chimneys in them ; there were three men
to each bed, which is the cuftom in all the French gar-
rifons, becaufe it is fuppofed, that ore of the three is
.always upon duty, fo that thereis never but two in one
bed at a time.

Our barracks here, at Woolwich, are but 16 feet
each way, with three beds in each room, to hold fix
foldiers only, whichis not fufficient, becaufe it requires
too large a building to quarter a whole regiment in

: them,
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them., The plan and élevation in the eighth plate is
much in the fame mannér, only we fuppofe four beds
in a room, which' they may hold; the roomsare 16
feet each way, though I think that if they were 20 feet
long, and 18 broad, it would be much better; the
ground ftory is 1 feet high, the next toit 10, and the
laft but 8. .

The outfide wall is two feet thick, and the parfitich
or crofs wall a brick and a half; for if thefe latter are
thinner, every thing that is done, and faid, will Be
heard by thofe in the adjoining rooms: the outward
doors are 3 feet and a half wide, and 7 high, the inner
ones 3 feet wide, and 6 and a half "high’; the windows
are 3 fect wide, and 6 high in the ground floor, the
upper ones have the fame breadth, but their height di-
minifhes in proportion to the height of the ftory ; that
is, the fecond row is 5 feet high, and the laft but 4:
the chimneys are 4 feet wide, and 18 inches deep,
going partly into the wall, and projecting partly in the
rooms,

The corner houfes, being defigned for officers lodg-
ings, have each.an entry of 6 feet wide, with a ftair-
cafe and a clofet of 5 by 6 feet at the further end: un-
der the ftair-cafe is another going down into the kitcken
and cellars, which we fuppofe are built under the offi-
cers houfes 5 but in regard to the foldiers barracks, there
is no occafion to make ¢ither kitchen or cellar, as they
have done at Woolwich. ‘ '

The third figure in this plate reptefents the fetion
of the elevation, where it miay be feen that the ftair-cafe
goes ftrait up from one floor to the other; but if this
1s found inconvenient, it may turn at half-way, with a
‘landing-place : the roof is divided into two ridges, be-
caufe it is both cuftomary, and more convenient,
_than if it was continued, which would make it too
high, and, requiring longer timbers, makes it more

expenfive.
Sometimes
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Sometimes there are piazzas built before the bar-

‘wacks, as thofe at Dublin, if I am rightly informed,
which are very convenient; for when the troops are
drawn up, and a fhower-of rain comes, they may fhel~
ter themfelves under it, to keep their arms dry, and
'wnen the companies are to be examined, in regard to
their cloathes or arms, it may be done there at any time
or feafon, ' '
- Indll'garrifons it is neceffaty to build hofpitals for
the fick and wounded ; its bignefs ought to be regu-
lated according to the number of troops required to-
defend it in time of a fiege, and it has been found by
expérience, that out of 25 men, there is generally one
fick 5 yet it ought to -be obferved, that in. fortreffes
‘built-in lowand marfhy ground, there are more people

fick, than in places ftanding on a high ground in good
air. :

Knowing nearly the number of fick people, the num-
ter of beds wanted will alfo be known, and confequently,
the bignefs of the building, which confifts of a long
room to hold four rows of beds, and another above it;
thefe rooms the French make 42 feet wide, and there-
fore if but two rows of beds be required, 20 or 21 feet
will do; each bed ought to be 4 feet wide, and 6.5 feet
long, and the diftance from one bed to the next can be
no lefs than 4 feet, fo that as many 8 feet as there are
beds, will be the length of the room which is to hold

-but two rows of beds ; or half that length, ifitisto
“hold four rows. - :

Befides thefe rooms, there muft likewife be lodging
rooths for a dottor, furgeon, their mates and attend-
ants, for the nurfes and fervants; a kitchen and laup-
dry, as well as a yard to dry their linen: In fhort, the
building is to contain every thing neceffary, both for
lodging and conveniency of the hofpital.

In regard to-their fituation, we have fpoke of it
already, but I muft add,- that if-it- is- not poffible to

~place it near a river, 2 canal might be cut toit, becaufe

water
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water is abfolutely neceflary, for cleaning the apparel

of the fick and wounded ; for neatnefs in general is

‘abfolutely neceffary in fuch places, where the fmell of
fo many,fores,wounds, and other ficknefs, muttotherwife

be very offenfive. . o

. We have not given any plans of hofpitals, becaufe -
they may be conftruted various ways, according te

their fituations and bignefs, which an engineer upon

.the fpot will be acquainted-with, and from thence re-

gulate his draughts accordingly, and it would not be

~amifs to confult the dotor and furgeon about the feve-

ral convenicncies to be made; this, and his owsn

knowledge in building, will be fufficient to perform

fucha work in the beft manner. .

I had forgot that there is often a chapel built at one
end of the great room, to perform divine fervice, and
when there are two rooms above one another, the u
_per one has a gallery looking into it, -for the fick to fic
in without being obliged to come down ftairs.

The laft pubﬁc buildings we have to treat of, are the
ftore-houfes for all kinds of ammunitions, great and

{mall guns, and, if the place is fituated near the fea or
a navigable river, for cables, anchors, timber, and other
neceflaries, to repair and furnith fhips. S

In a fmall fortrefs, fuch as a citadel or fort, a ftore-
houfe of a moderate fize will be fufficient to hold the
ammunition, and other neceflaries for the defence of

“the place ; whereas in a large town lying near the bor-
der of a ftate, it is neceffary to have a fpacious one for
the artillery, in fuch a manner as to contain every thing
wanted in a field train.

A ftore-houfe of this fort ought to be built near a
river that may carry {fmall craft at leaft, if poffible; in

_this cafe a bafon ought to be made, to load or unload

feveral boats at a time; fuch a fituation is of great im-

_portance, in regard to the faving expences; far it re-

quires a great deal to tranfport a train of artillery witﬁ
. : a
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Al i appurtcnances by land to “any conﬁderable di-
ftance. And A8 there is feldor any fortrefs built buc
héar a great river or the fea, it will always be in the
power of ‘the engineer to find a proper place for build-
ing the ftore-houfé ; and what nature wants may be fup-
Phed by art.
~-The ground floor of a ftore houfe ought to confift

in a fhed to place guns and their carriages, t tumbrels,
ammunition, waggons, mortars, and their "beds; in
fhort, all the other neceffaries which are too heavy to
be carried and depofited above : there muft likewife be
forgcs for fmiths, places for carpenters ¢ work in, to

~ holdiron and wood, and wheelwrights Ihops, and every
. thing of this fort.’

The firft Aoor ought to contain an armoiiry, places
to hold all kinds of fmall irons, others for cordage,
pontoons, and ‘every thing neceflary, that is light and
eafily tranfported. An engineer, who is not perfectly
acquainted with every part belonging to the artillery,
will not be able to form a right notion vof a ftore-houfe:
there is fuch aconnextion between the bufinefs of an
engineer and that of an artillery officer, that neither the
one nor the other can be mafter of his bufinefs, without
being tolerably well acquainted with that of the other:
I am fenfible, “that this will be ridiculed by many practi-
tioners, but I leave the unbiafled intelligent reader to
_]udge, whether this notion is right or not: As my in-
tent in writing this work is to’ inftrudt ycung engineérs,
it is ho matter what thofe fay, who think experience is
fufficient to (helter their ignorance.

Plate XIX. To give an idea of thefe kind of works,
we have reprefented the plan of the fourth part'of a
re@tangular thed, in this plate, with the elevation of
one of the infides, executed at Woolwich; the width
within is 33 feet, the length 282 one way, and 156
the other ; the wall is 18 inches thick, having pilafters
15 feet diftance from each other, they are two feet
bicad, and project the v&ll by g inches ; the elevation

N s
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is 16 feet high at a medium, for the building ftands on
a fmall defcent : the gate-ways, which are three in each
front, and one in the other fides, are 10 feet wide ;
the asches of the infide walls are’ 8, as well as the
height of the piers from the bottom to the fpring.

Plate XX. ~ Here are reprefented the “elevations of
the front and outfide, togetber with a_fetion through
the middle of the lonoeft fide, wherein the feGtion of
the roof is reprefented As thefe figures are drawn oi
the fame fcale as thofe in the former. plate, and there is
nothing material in them, but what the reader may
underftand, we fhall not enlarge any further on fo eafy
a fubject,

The ufe of this building is to put under covcr the
carriages of guns, both for land and-fea fervice, mor-
tar-beds, pontoon-carriages, bread-waggons, ammuni-
tion- carts’ in fhort, all kind of carriages, that are
ufed in artillery : and as wood lafts much lonoer in a
© place where there paffes a free air, than if conﬁned
it was for this reafon, that the infide walls have bcen
built with arches, in the manner reprcfented in the pre-
ceding figures.

Bcfides the great ftcre- houfcs in large fortreflés, fe-
veral fmall ones are built in different places, not far
from the ramparts, in order to lodge ammunition and
other things neceffary in a fiege, fo as to be near at
band ; thcy are fupplied from the great ones, when
there is any occafion for it: but as their conftrution
does not differ effentially from the former, excepting
in their bignefs, it would be needlefs to take any further
‘notice of them.

" The ftore-houfes built in a maritime town, are not
only to have room for artillery and ammunition, but
Jikewife for cables, ropes, mafts, anchors, and every

thing elfe, neceffary in the fitting or repairing of fhips;
and this in proportion to the bignefs of the harbour or
pumber of fhips that generally refort there; thefe places
fhould have two ftories, the lower for heavy things,
- and
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nd the upper for thofe goods that are light and ma-
" nageable ; their fituation ought always to be near the
harbour or quay, that the fhips may come near them,
whereby a great deal of labour may be faved, in the
fetching and carrying things from them to the fhips.

SECT XXL

Of framing TimBERS for ParTiTIONS,
‘ .- Froors and Roors.

‘A S an engineer ought not to be ignorant of any
thing relating to common architecture, we think
it will not altogether be unneceffary, to thew here the
dffferent manners of framing timbers on moft occafions,
this being a branch of his bufinefs, efpecially as the
carpenters follow no other rules than thofe they learn
from pratice, which are often defective, as will appear
hereafter. o '
Plate XXI. Here are five examples of different
partition-frames ; the firft, fecond, and fourth, are
given by Mr, Smith; the third, and filth, by Mr.
Price; thefe are the only authors that wrote particularly
upon this fubje€t. The firft example is in the common
way, wherein it has been obferved by an artift, that
there are more mortifes and tenons than need to bej
for if the braces were let into the principal pofts, fo as -
to butt againft fhoulders of about halt an inch deep,
and nailed in, they would do the fame office in a bet-
ter manner than being tenoned in, as here reprefented,
and would be done in lefs than half the time: and as
the quarters are only to fuftain the laths and plafter,
becaufe the weight of the roof 1s fupported by the
~pofts and plates, they have no need of being framed
into the upper and under plates, which only take up
much time, and wiil not laft lopger than when they

Q2 \ are
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are cut and nailed in only, and which is done in a very

lictle time with little expence.

The example in the fecond figure reprefents the
partition of a warehoufe, or of any other large build-
ing, where the grinders, or fome other weights are to
relt on the king or principal poft, E; but it may be
obferved, that if this wall was to fupport great’ weights
in two places, it fhould be inverted, fo as the weights
may reft upon the pofts A, A: forin the firft cafe,
the two ftruts adjoining to the poft E, will increafe its
ftrength very much, and in the latter, the ftruts ad-
joining to the pofts A, A, will, by the fame reafon,
increafe their ftrength; but where the weight bears
equally on the upper plate; this manner of ftrutting is
needlefs. The author is alfo juftly blamed for making

the joggles in the king-pofts A, E, A, as being ex- .

genﬁve in the workmanthip, and in the wafte of tim-
er 3 it requires likewife much time in the framing of
it; and after all, ferves to no other purpofe than the
firft example, which is full as ftrong, and much cheap-
er. .
The example reprefented by the fourth figure is
propofed to raife the height of two ftories, the lower
of 13 feet, and the upper of 12, or otherwife in one
height only, as the fide of an outhoufe, hall, or faloon;
now it is to be obferved, that as joifts are fuppofed to
lie on the middle plate in the firft cafe, which is framed
into the king-pofts E E, and the outward principal
pofts ; the weight at each end muft depend on the
ftrength of the tenons, excepting fuch help as is given
to it by the under quarters ; the braces are thercfore
placed exactly the wrong way, becaule now they fup-
port the parts near the middle pofts which do not want
it, whereas if their ends were turned the contrary way,

they would affift the ends, as they fhould do, as being
the weakeft part, and the whole would be equally
ftiong every where, and they would at the fame time

perform
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perform their office of bracing the frame in a proper
manner. , _

As to the joggles at E, E, in the king-poft, they are
jultly condemned by workmen here as well as in the
firft example, for the wafte of timber, and the lofs of
time in framing; and itis thought, that if thofe pofts
were made a fmall matter more in breadth, and their
ftruts let into them with a fmall fhoulder, commanly
called by workmen, bird’s mouth, they would be as
ftrong and fecure as they can be done this way.

The next example in hand, is that reprefented by the
third figure given by Mr. Price, which he fuppofes to
be a partition between two rooms, wherein doors,
A, A, are required next to the ends, and therefore has
placed a king-poft in the middle, and prick-polts be-
tween it and the doors ; it is here to be obferved, that
the middle plate, alfo called inertse, is halved, not only
in the prick-pofts, but even into the king-poft alfo,

which is a great weakening to it, and therefore abfurd ; - '

nor indeed is there any occafion for an intertie at all, if
the height is intended for one ftory only; but fuppofe
there was one required, would not its being flighly
tenoned into the king poft have been a lefs weakening
to it, and have given it a ftrong bearing, by turn-
ing the lower ftruts the contrary way, to that they are
here? It is true, that it is a common praétice to halve -
timbers together, but it fhould never be done but with
I'tery great judgment, and always avaided in braces and
ruts, - ' :

The fifth figure is another example given by Mr.
Price, for a partition, wherein three doors are required,
one at each end, and one in the middle ; the two king-
pofts and the intertie are again halved into each other ;
and therefore the fame fault may be found here as in- .
the former : the joggles in the king-pofts and prick-

{t are likewife needlefs ; befides, the braces feem to -

ave no other meaning here than to thorten the quar-

" ters which crofs them, and fo are only nailed upon
QL them
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them here as well as in all the preceding examples,
without tenons or mortifes.

In all Mr. Price’s examples of partmon -walls, he ties
the lower end of the king-pofts to the lower plate with
an iron band, but for what reafon, is not eafy to be
known, ﬁncc, as far as I can judge, they feem to be
entirely ufclefs, and thercfore fhould never be ufed.

Many examples of partition-walls are: given by au-
thors, of different conftrugtions, and for different ufes 3
but the whole art of framing this fort of work confifts.
in dxfpoﬁno the different parts in futh a manner as to
make the whole work equally ftrong; in ufing no
more tirber than is neceffary, and to join them o as
that the work may be done in the fhorteft time poffible, -
and yet be ftrorg and durable, which cannot be done
without 3 competent knawledge of the rules - deduced
from mechanical principles, and a good deal of prac-
tice, which feldom both meet together ; and for- that
reafon, the art of bu:ldnqg has rcccwed fo lmle im-
provcmcnt m lattcr nmes. : :

SECT‘ XXII
of FLOORING.

P]atc XXII EFORE a flooring is bevvn, there

muft be madé an accurate plan of the
bu:ldmg, whcrcby a judgment may be formed where
‘to place the girders in the moft fubftantial manner;
and indeed, this: fhould be done before the brick-work -
is raifed hxgh ehough 'to’ receive them, that not ‘only
the lintels may be well placed over the doors and win-
dows ; which ought never be lefs than 5 by 4 inches
but in thofe places where the ends of the girders are to.
seft, if the lintels or bearing pieces are” made equal in
Jength to the diftance that 1s contained between girder
' and girder, they wxll commumcate the weight equally
(PR on
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on the whole wall, and which is much ‘better than when
the bearing is on the part juft underneath them only,
which ‘is the cafe when the . lintels are made fhorter ;
befides, when lintels are fo laid, and are 5, 6, or 7
inches in'thicknefs, in proportion to that of the wall,
, they are a very great firengthiening, and tie thofe parts
very firmly together : wherefore they are alfo called
bond timbers ; but to prevent miftakes, it muft be ob-
ferved, that bond timbers are properly thofe laid in
walls where no girders are, a$in end and crofs-walls,’
“and which are laid throughliout at every 6 or 7 fect in
height, and being doverailed or cogged together at
every-outward angle of the building, as marked in
figure 2, and at every party-wall, as in figure 3, or 4,
will moft firmly bind the whole together, fo thar, if
even the foundation be bad, they oblige the whole
building to fettle together, prevent cracks and fraftures,
which unavoidably would happen, - if they were neglec-’
ted : It may be obferved, that thefe three differcnt ways
of joining timbers are ufed, byt the fingle dovetail,
as is marked in the fourth figure, is preferable to the”
other two, -as being more fimple, and yet tie the tim-
bers full as well as the others. , _

- The proper places for girders having been determin-
ed, it muft be obferved, to lay them fo as the boards
lay all one way throughout the mijddle of the building,
fo that the whole may be feen one way; for if the
joints of the floor of one room are not parallel to thofe
of another, it would preduce a very ill effect.

The fituation of the girders being determined in the
plan, we are thereby enabled to find their length, their-
number, and their diftance, which fhould never exceed
12 feet in any building whatfoever; nor fhould joifts

- exceed that length: lt is alfo’obferved in placing of
girders, always to lay them the fhorteft way, and thac
their ends have at leaft 14 inches bearing in the wall,
excepting thofe in-very fmall buildings, where the walls
4 ) ' ae
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are of thin dimenfions, then their bearing may be re-
duced to 19 inches. . :

Nothing being a greater enemy to timber than lime,
itis a very good method to lay the ends of girders, lin-
tels, and other bond-timbers in loam; and fir is beft

- preferved by anointing it over with melted pitch and
greafe, of which the laft muft be one fifth part, and the
other four fifths : If this precaution is negieéted, which
is commonly the cafe, the building will never laft fo
long as it would otherwile do. -

As the proper fcantlings of girdersand other timbers
have been treated of in the third fection, where we have
given tables of their dimenfions in refpect to their length,
we fhall no farther enlarge upon it here; and having
fufficiently explained the fituation and manner of laying
girders, we fhall now proceed to the joifts, which are
of various kinds, as common-joifts, triming-joifts, bind-
ing-joilts, bridging-joilts, and cieling-joifts. ‘

Common-joit’s are thofe which are framed flufh with
the upper furtace of the girders, and which fometimes
arc all of equal depth, but lefs than that of the girders,
whercby the girders become lower than the cieling ;
but the moft genteel way is to have every third or
fourth joift equal in depth with the girder, whillt the
other iniermed.ate joifts are of lefs depth, and between
thofe deep joifts, fix fmall ones to carry the cieling,
whereby the under furface of the girders will be con-
-cealed, which otherwife have an ill effect.

Triming-joifts are fuch as are framed into two other
joifts, for other joifts to be framed into them, which
are againft a chimney, or to make the opening for a
ftair-cafe, fuch as are marked by the letter a: as thefe
joifts are weakened by receiving many mortifes, and
having to fupport the weights of feveral joilts which
bear upon them; they are therefore to be .made of
larger feantlings than the common-joilts.

- Binding joilts are thofe on which. bridging joifts are
laid, and in which the cieling joifts are framed ; thc{c
: ) joifts
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joifts are framed flufh with the under furface of the
girders, and about 3 or 4 inches lower than the upper
furface; that the cieling-joifts may be fluth under-
neath ‘with them as well as with the girders: their dif-
tance is from 3 to 1o feet, and their thicknefs in pro-
portion to the length of their bearing, as has been.
thewn in the third {c&ion,

The figures 8, g9, and 10, reprefent the manner in
which their tenons and mortifcs are made by Mr, Prices.
and which is elteemed by workmen in general much.

~ better than any other: but thofe who are converfant

mon joifts; becaufe, they being weakened by mortifes

with the principles of mechanics, will. eafily perceive
that .neither the one nor the other is good for any
thing.

In order to determine the beft manner of making
the tenons, itis neceffary to confider, that when a great
weight bears upon the middle of thefe joifts, or upon
any other timber fupported at each end by tenons; it
is evident, that it will bend a little, and the under part
%, as in figure 8, will be the point fix; and therefore
when the tenonis placed in the middle as here, the dif-
tance of the line of direction of the force which en-
deavours to break the joift, from the point fix x, is
equal to half the height ¥ v ; but on the contrary, if
the tenon is placed higher, that diftance becomes great-
er; and of confequence, the refiftance becomes great-
er, which fhews that the nearer the tenon is to the
upper part v, the greater the refiftance will be: But as
the mortife muft not be too clofe to the upper edge,
otherwife the tenon would break it; I think the beft
way is to divide the height x v into four equal parts,
ane of which is to be the thickncfs of the tenon, and
placed two from the lower end ¥, and one from the
upper v : as to the tenons marked tn figures 9, and 10,
they ought to be rejected as being contrary to the prin-
ciples of mechanics. It is to be oblerved, that all
binding-joifts ought to be half as thick again as coni-

and
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and having a greater weight to fupport, it is neceffary
that they fthould be ftronger in proportion, .
Bridgings or bridging-joifts are reprefented by the
- letter £, in the firft figure, lying on the binding-joifts 4
and which a:e alfo repreiented in figure 6, where #, n,
reprefent the fections of two blndan—Jmﬁs, and d, d, a
part of the length of a bridging-joift, ard f f, that of |
a cieling-joift, with the manner of their reception by
the binding-joifts ; the fifth figure is a fection which
thews the manner of fixing cicling-joifts ¢ between the
dccp joifts 4, b, where fhallow ones, as a, a, a, are framed
in between them, as has been obferved to be the moft
genteel way of framing common joifts. .

The diftance of bridgings is generally about 12to 14 -
inches, and their fcantlings about 3 by 4 inches, or
elfe 3.5 by 5, and their bcanng is never more than the
intervals of binding-joifts, which is from 3 to 10 feet,
as we have obferved before, and which are laid even or
fluth with the girders to receive the boarding.

Cieling-joifts, the moft flender of all other kinds of
Joifts, as having the leaft weight to fupport, are made
about 2 by 3, or 3 by 4 inches, according to the
ftrength of the building ; thefe are reprefented in the
firft hgure by the letter g, whofe diftances are gene-
rally 12 or 14 inches : thefe joilts are tenoned into the
binding-joifts, as is reprefented in figure 7, where »
reprefents a fingle mortife made on the one fide of the

~ binding-joifts, and 7, s, two double ones called pulley-
mortifes, in the fide of a parallel binding-joift to receive
the other end of the ceiling-joift. Thefe cieling and
bridging-joifts are feldom fixed till the building is co-
vered in; when the laft are pinned down'to the bmdmg-
joifts. Thefe kind of floors are called bridging-floors,
and are the beft fort of carcafe flooring.

Having fhewn the manner of laying the feveral tim-
bers for ﬁoormO, it remains now to fhew how the
floors themfclves are to be laid ; 'their beauty depends
on the colour and fmoothn:fs of the beards, without

: knots,
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knots, and the clofenefs of the joints; for which reafon,
the carpenters plane the boards, and ftraiten the edges
fometime before they are laid, in order that they may
be fufficiently dry, and not fhrink afterwards.

~ As it is not an eafy thing to find a fufficient number
of boards free from knots, “the beft are generally picked
out for the floors of the principal apartments, and the
reft are ufed in other places lefs confpicuous. It has been
found by experience, thatif the boards are ever fo dry,
and the edges are anew dreffed, they will fhrink again;
for which reafon, they never touch them after the firft

time : "and the beft way of making clofe joints is not to

nail down the boards, till a twelve-month after they
have been laid; this the workmen will not do unlefs they .
are obliged to it by agreement, under pretence that i ic
is more work than they can afford to do. ‘

The beft wood for flooring in this country is the ﬁnc
clear yellow deal well feafoned, which when well laid
keeps its colour a great while ; whereas the white fort
becomes black by often wathing, g, and looks very bad.
In buildings of confequence the fappy part is cut off,
and hothmg but the heart is ufed, but then thefe flcors
are very expenfive. But in common buildings, which
are made by contra&, they feldlom make even ufe of
dry ftuff, unlefs itis pamcularly mentioned in the agree-
ment.

The joints of the boards are commonly made plam,
fo as teo touch each-otheronly; but when the ftuff is
not quite dry, and the boards fhrink, the water runs
through them when the floor is wathed, and fpoils the
cieling underneath 3 for which reafon, thcy often make
feather edges in better buildings, fo 'as to cover each
other of about half an inch; ‘and fometimes they are
made Wwith groves and tenants ; this laft method, when
well executed,  appears. to me prcfcrablc to any other
whatfoever.

I am informed; that in the beft bu»Idmgs, the joints
are'made wuh dove tails ; then the lower edge is nailed

down,
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down, and the next drove into it, by which the nails
are concealed, which certainly makes the floor look
much handfomer than when the nails are feen: for
when they are wathed the nails grows rufty, and appear
like fo many black fpots upon the floor, which has an
il effect.

The manner of mcafurmg floors is by fquares of 10
feet each fide ; fo that taking the length and breadth in
feet, and multiplying them together ; then by ftriking
" off the two laft figures as dccxmals, the remainder will
be the content exprefled by thefe fquares. Thus a floor
of 18 feet by 16, gives 288 fquare feet, or 2 fquares
and 88 dccimal parts; fo that if the price of a fquare
of flooring is known, thatof the whole will be eafily
found by proportion. ,

Formerly oaken boards were ufed for ﬂoormg, but
~at prefent they are neglected, excepting upon fome
particular occafions, as in clofets and other private
rooms: thefe boards are framed together with pannels,
like doors, and polifhed with wax, which makes them
look very beautiful, and are agreeable to thofe who dif-
like a wee room; but as they are flippery, and very
expgnlive, they are much out of fathion,

SECT. XXIL

Of ROOFINGS.

A3
Plate XXIIL E aré now come to the formation
of roofs, of which the former wall
plates are a part, as being the bafe on which the {mall
rafters ftand. We mulft, after having formed it,
according to the plan of the building, and fecur-.
ed its angles, in the manner rcprefented in the fe-
cond figure, plate XXII. confider the proper diﬁance;
s CoL s and
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and places to lay the beams on; where it muft be ob-
ferved, 1. To avoid the joints of the plate: 2. That
their diftances be not too great, left you are obliged
to have large cieling-joifts, and large purlins, which
are but a load to a building, and therefore fhould
not exceed ten feet: 3. That they lay over, or nearlf
over, the hieads of the principa! pofts, in timber build-
_ings, and on the middle of the piers, when they are
of brick or ftone.

The fituation ard length of the tie-beams being de-
termined, their under furface at each end being equal
to the breadth of the wall-plate, is dovetailed an incH
and a half or two in depth, according to their ftrength,
and which are let into both thefe plates, in the manner
reprefented by the third and fourth figures, plate XXII;
but, as it has been thewn already, with a fingle dovetail 5
as in figure 4. If the breadth be divided into three
equal parts, make the narrow part of the dovetail one,
which to the end opens to the whole breadth of the
beam. When the tie-beams are thus dove-tailed into
the plates, they are then faid by the workmen to be
cogged down, and ready to receive the cieling-joifts
and principal rafters. \ o

" But before the principal rafters can be framed, the
height of the pitch, and their. length muft be deter-
mined ; the pitch of every roof ought to be made ac- -
cording to its covering; which js of lead, pantiles,
plaintiles, or flates 3 thefe are all the different coverings
ufed in Englend.  The ufual pitches are the pediment-
pitch, common pitch, generally called true pitch, and
the gothic pitch. ‘ .

Pediment pitch is that whofe perpendicular height °
is equal to two ninths of the breadth of the building;
becaufe the height of a pediment is likewife two ninths
of its bafe; this pitch is ufed when the covering is
lead. Common pitch is that whofe rafters are the three
fourths in length of the breadth of the building ; when
it fpans the building all at once; bur is oftner divided

into

-
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into two'equal pitches; and it is ufed when the covering
is of plaintiles. ' ‘

Gothic pitch, is that when the length of the princi-
pal rafters is equal to the breadth of the building, and
therefore is equilateral ; this pitch is ufed when the co-
vering is of pantiles ; fome workmen would have the
breadth of the building divided into feven equal parts,
the perpendicular height to have two of them, and the
length of the rafters to be four; and that this pitch may
fcrve for coverings of lead or pantiles: on the con-
“trary, others will have the perpendicular height to be
one fourth of the breadth, when the covering is lead,
which is fomething lefs than what has been affigned
above for that covering,.

That. the perpendicular height fhould be the three
eighths of the breadth in pantiles covering, which is
widcly different from the former ; or that the perpen-
dicular height may be found by defcribing an arc from
the extremity with a radius ‘of two thirds of the
breadth of the building. Laftly, the perpendicular
height to be equal to half the breadth for plain-tiles
covering, which makes the rafters fomewhat fhorter
than in the pitch given before for that covering; and
the length of the rafters to be five feventh parts of
the breadth of the building for flate coverings, which
is thercfore nearly the fame pitch as that for plain-tiles
covering,. '

Thete are the various pitches commonly ufed for the
different coverings, and feem to depend chiefly on the
builder’s fancy. We have proved in our Elements (art.
566.) of Mathematics, that if the height is 6 fevente:nth
parts of the breadth, or, which is nearly the fame, if
the height is one third of the breadth, the roof will
be ftronger than any other of the fame fcantlings; and
" therelore, if the fcantlings are ftrong in proportion to
the weight of the coverings, this pitch may ferve upon

all occafions,
Although
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Although the principal rafters are commonly made
equally ftrong every where, yet fome think that if they
were at their fect nearly as thick as the breadth of the
tie-beams, and to grow lefs towards the upper end, by
. one fixth part, they would be better ; which is cer-
tainly -true, becaufe their centers of gravity become
nearer to the point of fupport ; they require lefs tim-
ber ; and as the rafters may as well be fawed in this
manner as in the ufual way, I fee no reafon why this
method fhould not be ufed. )

The king-pofts fhould be as thick as the tops of the
principal ratters, otherwile they will not be able to re-
ceive them ; and their breadth of fufficient ftrength to
receive the ftruts that are defigned to be framed into
them. Some will have it that the ftruts fhould dimiaith
upwards as well as the rafters; but this would be car- -
rying niceties further than is neceffary ; wkhen the lower
ends of the rafters are ftrongeft, the purlins, collac-
beams, and ftruts, fhould be placed fomething higher
than the middle of the rafters, that the bearings may
be proportional to the ftrength, and not in equal parts,
as is ufual. . :

Purlins muft have the fame thicknefs as that part of
the principal rafters to which they are framed, and
their breadth is generally made to their thicknefs, as
4 to 33 therefore the breadth being 8, the thicknels
muft be 6: tho’ this is the rule carpenters go by, yet
their dimenfions ought to be determined by the rules
given in the third fetion, part I.

Purlins are generally framed into the principal raf-
ters; but, in my opinion, they fhould rather be laid in.
the collar-beams, becaufe the rafters are not fo much
weakened by mortifes, and the ftrength of the purlins
will then not depend on the tenons: when they. are
framed into the principal rafters, their length cannot
be more than the diftance beiween two contiguous
rafters, which is from 10to 12 feet only ; but when

' ' . they
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they are laid in the collar-beams, they may then be
twice or thrice that length, accordmg as the ﬁrength
of the ftuff will allow.

- Small rafters may be in their fcantlings 4 inches by

2.5, or 4.5 by 3.5, or elfe 5 by 3.5, according_to the
nature and ftrength of the principals, and their length
in a purlined roof fhould not exceed feven feet: it is
beft to frame two rows of purlins, when the principal
rafters are very long, in the manner reprefented in the
firft figure, plate XXIII. by the letters A, A3 which
figure reprefents the roof, as a Pplain furface but the
mcthod of framing the purlins in a right lme, as ‘here
reprefented, is not to be recommended ; becaufe’ when
the mortifes in the principal rafters are agamﬁ: one ano~
ther, they are not only weakened very greatly in thofe
parts, but you lofe the pinning alfo, and therefore they
thould be framed, as reprefented by the letter B in the
fame figure.
" The ufe of this figure is, to determine the number
and fituation of the principal fmall and jack rafters;
the principal rafters are thofe marked by the letter D,
and lie through the body of the plan, with tenons repre-
fented in the middle; the fmall rafters are thofe mark-
ed f, between the principals and the jack-rafters thofe
fhort ones, whofe tops bear againft the hip-rafters C,
and are marked by the letter E; the purlins are mark-
ed by the lefters A and B; as to the other parts of a
roof, which cannot be feen in this figure, they are re-
prefented in the following fection.

Fig. 2. This figure reprefcnts the fe&ion of a large
© roof, havmg a kmfr-poﬂ: and two ftruts to fupport the
prmcvpal rafters, the tie-beam is fuppofed to reft in the
middle upon fome party or partition-wall, otherwife
that beam would not be able to fupport the roof ; be-
caufe the greateft weight, which is under the king- poﬁ
would reft upon the weakeft part, as has been fhewn
in the third fection, part I,

2 Fig. 3.
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Fig. 3. 'This figure is the fefion of a roof to be
covered with pantiles; the length of the rafters is the
two thirds of the breadth of the building, %nd the
height one half ; there is a lodging-room made in the .
middle; this roof is very ftrong, and may ferve al-
moft in any building, efpecially if -the tie-beam is fup-
ported in the middle by a party-wall.

Fig. 4. This figure reprefents a roof, whofe per-

pendicular height is three eighths, and the length of
the rafters five eighths of the breadth ; this roof isalfo
very ftron®, but I think that in fmall buildings the
king-poft with its two ftruts might be left out without
any inconveniency ; becaufe the two prick-pofts toge-
ther with their ftruts are fufficient to fupport the raf-
ters. \
Fig. 5. This figure is a fe&ion of a roof of pedi~
ment-pitch, with a valley in the middle to take off the
barn roof afpeét, which it otherwife would have, if the
rafters were continued up to an angle; in this roof are
made two lodging-rooms, as being framed with a col-
lar-beam and middle-poft, which laft muft be fup-
ported by a party-wall, otherwife the tie-beam will
fcarcely be able to fupport the weight upon it, with-
out its being of very large dimenfions.

It may be obferved, that the pofts in fig. 2, 3 and
4, have all joggles, which are by many workmen not
approved of, on account of the wafte of timber, and
the length of time to frame them; in order to fatisfy
thofe that are for plain-work, and yet make it ftrong
and durable, it will be fufficient to cut the tenons of the
ftruts which enter into thefe joggles, as well as the mor-
tifes, in the fame manner as they are reprefented here
by the joggles, which will do very near as well; for
all tenons cut at right angles will bear the preflure of
the pofts in the ftrongeft manner that can be. It muft
likewife be obferved, that all the iron bands reprefcnted
in thefe roofs, are thought by the workmen to be very

' R : ufeful
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ufeful in ftrengthening the work, though needlefs in
my opinion.

As workmen differ very much in their manner of
framing roofs; it is impoffible to give fuch rules as
will fatisfy every body ; but what has here been faid,
together with the principles given in the third fetion,
part I. of the ftrength of different fcantlings, will be
fufficient to the intelligent reader, to frame all forts of
plain roofs, upon any occafion, in the beft manner,
which is all we propofe in this work: As to thofe,
called manfard, or broken roofs, and thofe for domes
or cupolas, which are the moft difficult of all carpen-
ters work, their conftruétion rather belongs to a com-
pleat architeét than to an engineer.

But before we conclude this feétion, it will not be
unneceflary to fhew how the length and .pofition of the
hip rafters C, C, figure 1, are to be found; the dif-
tance P Q of the laft principal rafter D from the end P
of theroof is always equal to half the breadth P S of
the building ; and having the length Q_R of the prin-
cipal rafter D, that of the hip-rafter PR is likewife
given, as being the hypothenufe of a right angled tri-
angle P Q R. ,

And becaufe the perpendicular height of the roof is
given as well as the diagonal drawn from the point P
to the foot of the perpendicular dropt from the point R
to the plan of the building; the inclination of the hip-

rafter C, may be found by a ruler and compafles; or,

by trigonometry, thns; The length of the hip-rafter
PR is 1o the perpendicular height of the roof, as the
radius is to the tangent of the angle made by this rafter
and the plan of the building.

Of CEILING.

Although the manner of ceiling is very common,
yet it is neceflary, that the young engineer fhould
know how it is performed : In buiidings of no great

4 confequzie,
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confequence, the laths are nailed on the joifts, fo as a
part of the girder appears below the ceiling; this is
done in view to get 5 or 6 inches in the height of the
room; and the part of girders that appear are co-
vered with deal boards, with a ligtle cornice round it;
and painted with the fame colour as the wainfcot, The
plaifter for ceiling is made of lime and hair, to make
it ftick the better, and laid on very fmooth; when it
is dry and has any cracks in it, as commonly happens,
it is paffed over with a trowel dipt in thin plaitter;
this is continued till it is quite fmooth; and without
any cracks ; after this it is white-wafthed two or three
times over, with lime-water and fize, till it appears of
a fine white.

But in -buildings of any confequence; ceiling-joifts
are framed into the girders; fo as to be even with the
under furface; as has been obferved before: As thefe

"joifts are put in -after the frame of the floor is made;
and juft before 'the ceiling is finithed 5 one of the mor-
tifes is made about a foot long, floping fo as that when
the tenant at one end is fixt into the mortife; the other
may {lide through the other till it becomes perpendicus
lar to the girder where it is pinned down.

As to ceilings made with various work, or that are
painted, the curious reader may confult books of archis
teCture, which treat of them; we fhall only add thac
ceilings are meafured by the yard of g feet {quare.

Of WAINSCOTING.

Formerly wainfcoting was made with oak; and it is
from thence it has derived its name, but at prefent
white deal is ufed only; the rooms were commonly
wainfcoted quite up to the cieling, and terminated by
a cornice ; but the later cuftom is to carry it only up
chair high, thatis from two to three fect; the reft of -
the wall is covered with flowered paper, which is very
cheap and beautiful, or clfe 1t is finifhed with ftucco

Ra2 covered

r .
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covered with hangings; to prevent the paper from be-
ing fpoiled by the dampnefs of the wall, it is pafted
on thin cloth, and fixed in frames.

Walls fhould never be wainfcoted before atwelve-
month ftanding at leaft, two or three years would be
better ; otherwife the pannels will unglue, do what you
will, and fhriok in dry weather, whereby it will be fo
fpoiled that all the repairs that can be made will never
look well, fo that all the trouble and expences will en-
tirely be loft.

Though the wall is dry, if the ftuff is not fo, it will

roduce ftill the fame effect; and as dry and well-fea-
ﬁmcd ftuff is much dearer than that which is green, and
not many workmen have it in their power to keep al-
ways a ftock of dry ftuff before-hand; it is a very diffi-
cult matter to have this work performed as it ought to
be: I have feen a houfe that was repaired three times
in five years, and now is good for nothing; be-
caufe the walls were not dry, and the ftuff not fuffici-
ently feafoned; and if government work, which is al-
ways well paid for, is fo badly executed, what muft a
private perfon expe&, if he is not very careful in his
bargain, and does not underftand the work himfelf,

Wainfcoting is meafured by the fquare yard of g feet,
and all the turnings of the mouldings are meafured by
a thread, and looked upon as plain, excepting the cor-
nice, which is meafured and paid by the foot in length.

Of HOUSE-PAINTING.

As the various colours for priming and painting are
now-a-days made up ready for ufe, and fold in fhops,
I hall fay nothing about them ; but only obferve thac
all painting in and about the houfe fhould be well prim-
ed, and paffed over twice with the fame colour the
" rooms are to be of, and great care muft be taken to fee
that the colour is laid full, even, and fmooth, according
to the grain of the wood ; for when the brufh is drawn

crefs
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erofs the grain it never looks well ; this is to be under-
ftood to be done from the beginning to the entire fi-
nithing of it; or elfe it will be to no.purpofe.

In all out-door painting, the colours fhould be mixed
up with linfeed oil, Spani/h white, Spani/b brown, and
red lead in the priming, aad finithed with white lead;
this done, it will refitt the weather, and laft a greac
while. _ ‘

Painting is meafured by the fquare yard, in the fame
manner as wainfcoting, that is, all the mouldings are
meafured with a thread ; the fathes of windows are
paid by the piece; if the doors and their frames are
painted in mahogony colour, the price is fomewhat
more than that of common painting ; this fome work-
men perform fo well, as to appear at a diftance as
weil as that wood itfelf. 'When chimnies are lined with
Portland ftone, they are often painted like marble, and
when it is well done, look very neat for three or four
years.

. Of TYLING-ROOFS.

There are various forts, fuch as plain-tiles, pan-tiles,
ridge, hip, gutter, paving, and Dutch-tiles : plain-tiles
are the common fort which are ufed in covering of
houfes ; they are about 10.5 inches long, fix and a
quarter broad, and half an inch and half a quarter
thick ; but in the country they vary fomething trom
thefe dimenfions ; they weigh about 2.5 pounds, ‘that
is 100 weigh nearly 2500 pounds. Tyling is mea-
fured by a iquare of 100 fquare feet, and. the num-
ber of tiles required for fuch a fquare depends on the
diftance of the laths; which when 6 inches, requires
8003 when 6.5 inches, 7403 when 7 inches, 690 5
when 7.5 inches, 640, and when it is 8 inches, but
600 tiles, . '

Pan-tiles are of a quadrangular figurg, when flat of
about 13 inches long, 6 or 7 inches broad; they are

R 3 bent



246 PRACTICAL  PatlV.

bent crofs-ways in the form of an S, only one of the
arches is about three times as big as the oiher ; fo that
when they are laid on a roof, one of the edzes which
‘is leaft bent is covered by the edge of the o her that is
moit bent, io that the roof looks like furrows, one high
and the other low ; thefe tiles {ferve moftly for low
roofs, fuch as ftables, fheds, and outhoufes; about
600 will cover 100 feet fquare. '

Ridge-tiles are ufed to cover the ridges of houfes,
and are made in the form of a femi-cylindric [urface,
of about 13 inches in length, and of the fame thick-
nefs as plain tiles; their breadth at the outfide meafures
about 16 inches or lefs. '

Hip, or corner tiles, are at firft made flat like plain-
tiles of a quadrangular figure, whofe two fides are right
lings, and the ends arcs of circles; the upper end con-
cave, and the lower convex, the latter being about fe-
ven times as broad as the other; they are about 10.5
long, but before they are burnt are bent upon a mould
in the form of a ridge-tile, and have a Lole at the nar-
row end to nail them on the hip-corner.of the roof.

Gutter-tiles are made like corner-tiles, only the
edges at the larger ends are, turned up tor about tour
inches :. thefe tiles are feldom uled where'lead is to be
had, as being better for this purpofe.

Dutch-tiles are commonly ufed in chimnies ; they
are made of a whitith earth, glazed and pamnted with
various figures, fuch as birds, flowers, or landfkips,
in blue or pu:ple colour; and are about 6.5 inches.
each way, and three quarters of an inch thick : when
thefe tiles are properly fet with good mortar, they look
very beautitul, and caft a greacer heat than ftone; for
being very fmooth, and glazed, the rays of heat firik-
ing upon them are all refle€ted backward into the room,
efpecially when the fides of the chimnies are oblique
or in the form of circular arcs.

Pan-tiles are laid'in mortar, becaufe the roof bemo'
very flat, and many tiles being warpt in the burning,

they
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they will not cover the roof fo well as that no water -

can pafs between them. Sometimes thefe tiles are var-
nithed with a dark brown colour; which makes them
laft a great while, and look better than the others, but
are dearer in proportioa. , ,
Plain-tiles are not laid in mortar, but pointed only
in the infide; as to the ridge and corner-tiles they are
all laid in mortar, becaufe they lie feldom fo clofe, as
not to admit any water to pafs between them. There
are alfo ufed tiles in paving, that are either fquare or
hexagonal, which when well burnt and laid in good

mortar, look very neat, and laft long; but as paving

in general is fo well known, it would be needlefs to
fay any more about it.

. R 4 ' PART

N
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P A R T IV,
Of AQUATIC BUILDINGS.

Q- S thefe kind of works contain a greater variety

than thofe conftructed on dry land, and re-

quire much more fkill and knowledge both of
the theory and practice ; no leffer work than Mr. Beii-
dor’s Archite®ure Hydraulic, is neceffary to give a
true knowled : of their conftru&tion and execution,
according to the different ficuations and circumftances ;
As this auther had the afliftance of the greateft engi-

neers in Iramce, who have more experience, and

knowledge both in theory and pratice, than any
others in Exrcpe; fo no man had a better opportunity
to give every thing neceffary relating to this fubject.
Since therefore his works are, or ought to be, in the
hands of ‘every engineer, we thall content ourfelves, to
give here fome general principles, together with parti-
cular obfervations of the moft material parts of thefe
buildings, for the fake of thofe, who have nooppor-
tunity to peruie fo extenfive a work as his.

S ECT L
Of STONE-BRIDGES.

HE fituations of bridges are eafily known, and
need no explanation; the only thing to be ob-
ferved is, to make them crofs the ftream at right an-

gles, for the fake of the boats that pafs through the.

arches, with the current of the river; and to prevent
the continual ftriking of the ftream againft the piers,
which
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which may endanger them in a long courfe to be
damaged and deftroyed in the end.

Bridges built for a communication of high roads,
ought to be fo ftrong and fubftantial as to be proof
againft all accidents that may happen, to have a free
entrance for carriages, afford an eafy paffage to the
waters, and be properly adapted for navigation, if the
river admits of it; therefore the bridge ought to be at
leaft as long as the river is wide in the time of its great-
eft flood ; becaufe the floping of the water above may
caufe too great a fall, which would prove dangerous to
the veflels, and occafion the under graveling the foun-
dation of the piers, and abuttments.

To this may be added, by reducing the paffage of
the water too much, in time of a great flood, it might
break through the banks of the river, and overflow
the adjacent country, which would caufe very great
damages ; or, if this fhould not happen, the water
might rije above the arches, and endanger the bridge .
to be overfet, as it has happened in many places.

When the length of the bridge is equal to the breadth’
of the river, which is comimonly the cafe, the current
is leflened by the fpace taken up by the piers, for
which reafon, this thicknefs fhould be no more than is
neceflary to fupport the arches ; and it depends, as well
as that of the abuttments, on the width of the arches,
their thicknefs, andthe height of the piers.

The form of the arch is commonly femi-circular;
but when they are of any great width they are made
elliptical, becaufe they would otherwife become too
high ; as has been done at the Pont Royal, at Paris,
where the middle arch is 75 feet, and its height would

“have been 37.5 feet, inftead of which, itis only 24 by
being made elliptical.

Another advantage of much more importance arifes

-from the oval figure, which is, the quantity of ma-
fonry of the arches is reduced in the fame proportion
as the radius of the arch' is to its height, ‘[hat is, if

thc
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the radius is 36 feet, and the height of the arch 24,
that is, three fourths of the radius, the quantity of
mafonry of the arches is likewife reduced to three
fourths; which muft leflen the expence of the bridge
confiderably. -

When the height of the piers is about fix feet, and
the arches are circular, experience has fhewn, fays Mr.
Belidor, it is fufficient to make the thicknefs of the
piers the fixth part of the width of the arch, and two
feet more ; that is, the thicknefs of the piers of an arch
of 36 feet onght to be 8 feet; thofe of an arch of 48
feet to be 10.

When the arches become of a great width, the
thicknefs of the piers may be reduced to the fixth part
of that width ; but the depreflion of the two feet is
not done at once ; that is, in an arch of above 48 feet,
3 inches are taken off for every {ix feet of increafe of
the width of the arch. For inftance, the thicknefs of
the piers fupporting an arch of 72 feet wide, fhould
be 14 feet, according to the preceding rule; but by
taking off' 3 inches for every 6 feet, above an arch of
- 48 feet wide, the thicknefs of the piers is reduced to 13
teet: Confequently, by following the fame rule, the
thicknefs of the piers fupporting an ach of 16 fathoms
wide, will be 16 feet; all the others above that width:
are the fixth part of the width. ..

After this Mr. Belidor gives a rule for finding the
thicknefs of the piers which fupport elliptic arches,
and makes them ftronger than the former: The abutt-
ments he makes one fixth part more than the piers of
the largeft arch.

‘It is plain, that thefe rules are merely guefs-work,
determined from fome works that have been executed.
But tho’ examples are neccflary to confirm the truth
of the theory, yet they are not fufficient to form, from
one or two bridges that have been built, a general rule
for others of different forms or dimenfions, without
either making fome ftronger or weaker than they ought

0]
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to be; befides, granting this rule to be true, yét when
the piers are of any other height, ‘we are quite left in
the dark; and thercfore, it is neceffary to have re-
- courfe to theory, in order to find how much the piers
are to vary in their thicknefs, according to their height,
and the width of the arches: But, previous to this
theory, it is neceflary to know, the proper thicknefs
of the arches at their key-ftones, becaufe that of the
‘piers depends partly on it.

The thicknefs of the arch-ftones, I muft confcﬁ, is
not to be determined by theory, at leaft that I know
of ; nor do thofe authors who have written on the fub-
_]e& agree amongft themfelves; Mr. Gautier, an ex-
perienced engineer, in his works, makes the length of
the arch ftones, of an arch 24 feet wide, two feet ; of
an arch 45, 60, 75, 9o wide, to be 3, 4, 5, 6 feet long-
refpeCtively, when they are hard and durable; and
fomething longer when they are of a foft nature; on
the contrary, Mr. Belidor fays they ought to be always
one twenty fourth part of the width of the arch, whe-
ther the ftone be hard or foft; becaufe, if thcy are
foft, thcy weigh not fo much.

But that the length of the arch-ftones fhould be but
a foot in an arch of 24 feet wide, 2, 3, 4, in arches of
48, 72, 96, feet, it appears to me impoffible; be-
caufe the great weight of the arches would, as I ima-
gine, crufh them to pieces, by the preflure agam[’c one
another; and therefore Mr. Gautier’s rule feems to be
much preferable: As he made the length of the arch-
ftones to increafe in a flower proportion, from 10 to 45
feet wide, than in thofe above that width; we imagine,
that the latter will be fufficient for all wxdths, whether
they are great or little: Therefore in the following
computation, we fhall fuppofe the length of the arch-
ftones of 30 feet in width to be two teet, and to in-
creafe one foot in ﬁfteen, that is, 3feetinan arch of
45 feet, 4, 55 6, in an arch of 6o, 75, and 9o feer;

and
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and fo the reftin the fame proportion’; this being pre-
mifed, we fhall proceed to fhew how the thicknefs of
the piers is to be found.

PROBLEM.
Plate XX1V. Fig. 4. To find the thicknefs B C of

the piers, wben the arch 1s terminated by two con-
centric femi-circles, and there is a wall RN above
the middle of the piers whofe beight is equal to that
of the arch, and its bafe to the difference between
the breadth AD of the pier, and twice the thick-
nefs A G of the arch.

Let the radius O M pafs through the center of gra-
vity L of half the arch GE, LK, and L 1, perpendi-
cular to O A and O L. ; thenif the radius O A of the
interior circle be called 4, the radius OG of the exte-
rior one 4 ; their difference AG,d; OK or K L=,
n thearea G E of half the arch; the height A B of the
piers ¢, their thicknefs B C = z; laftly, let unity be to
7, as the radius is to the femi-circumference ; or, which
is the fame, let » = 3.142 nearly ; then by what has
been faid in the fecond problem, feétion II.. of the firft
part; wehave 4 n=rbb—raa,3lm=a- ._b_{-z,

a -
g=c+2m—a, and 2 # g — 2 n2 for double the
momentum of the arch’s preflure againft the pier.

Now becaufe the bafe R G of the wall above the
pier is equal to AD—2 AG, or 3—24, and its
height RN =14, bz — 2 bd will exprefs the area of
that wall, and as the line which paffes through its cen-
ter of gravity perpendicular to B'C bifets that line ;
2 z will be its diftance from the point fix C; we have
2 bz z—bd =z for its momentum ; and as the momen-
tum of the pier C A, has been found in the above-
cited problem to be ; ¢ 22z; double the fum of thefe

two
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two laft momentums being made equal to 2 #g—2 # 2,
gives bzztczz—2bdz=2ng—2n2; or if
we fuppofe b} ¢ =3, andn—4bd =s¢; this equa-
tion becomes szz -4 2s5¢9z=wng; whofe fquare

root is z+q=“/..i_n;g 44

R EMARK

‘We have fhewn in the fecond fection of the firft part,
after problem the fecond, that on account of the'ce-
ment and roughnefs of the ftones, the weight of the
arch, or, which is the fame, the area » of G E, fhould
be diminifhed by one third or more, in order to have
the true momentum of the arch; and as in bridges,
the parts between the arches are filled up with loofe
ftones, their weight will be greater in this cafe, than
it would be otherwife; The queftion is therefore to
find what value ought to be afligned for #, in order
to find the thicknefs of the piers: able to fupport the
preflure of the arch, when it is loaded with this addi-
tional weight. For fince the fpaces above the arches
~ are always fimilar when the upper part of the bridge
is horizontal, and confequently proportional to the
fimilar parts A G F E, and this is nearly fo in bridges;
it is manifeft, that if the whole area A G F E, is taken
for the value of #, and the piers are fufficiently ftrong
in one cafe, it will be fo in all others. .

As the value of 7 cannot be eftimated fo truly as
from fome bridge that has been executed, and is look
ed upon by the mafters of this art as a model to go
by ; fo we fhall make it appear, that if # exprefles the
whole area AGFE; the thicknefs of the piers will
come out nearly the fame as thofe of the Pont Royal
at Paris, which fupport the greateft arch.

. According to Mr. Belider, inanarch of 75 feet wide,
the thicknefs of the piers whofe height is about 6 feet,

fhould be 13.5, when the arch is circular; and 15 feet
- when
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when it is elliptical, as that of the above-mentioned
bridges ; But we have fhewn in the fecond fection, that
the prc(furc of an elliptic arch is no greater than that
of acircular form, on account of the wcnght being lefs
in the former than in the latter ; and fince, according to
the problem above, the thlcknefs of the piers of fuch'
an arch is found to be 14 feet, when they are 6 feet
high, as in thofe of the Pont Royal; itis evident, that
the value of # affumed here, agrees with the above
rule as nearly as can be expe&ed

Now as Mr. Belidor fays, that his rules are agreeable
to the practice of the greateft mafters in that branch of -
engineering, we may. prefume, that the thicknefles of
the piers, we have found, will be fufficient in all the
different cafes that can happen, with this precaution
however, that the piers are made of {trong folid ftones,
laid in the beft and moft fubftantial manner.

It is to be obferved, that the thicknefs of the piers
here found, are fuch as if there were but one fingle
arch; but when there are arches on each fide, the pref-
fure of the one deltroys that of the other; but as all
the arches cannot be built together, it is of abfolute
neceflity, that the piers fhould be able to refift the
prefiure of each arch, independent of the adjacent
ones; for which reafon, it is neceffary to build the wallk
G N above the pier before the arches are formed, as
Mr. Labely has moft judicioufly done at Weptininftcr-
bridge 5 for by this means, the arch will be in no danger
to fall and caule needlefs expences. As to the parts
between the arches, and the wall G N, they ought not
to be filled up till fuch time as the arches on each fide

are finithed.

TABLE
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T ABL E containing the thicknefs of the piers of
' BRIDGES.

6 94 T 0 as 18 _21 | 24
4-574] 4-918) 5.165| 5.35¢| 5.492( 5.610| 5.698
5-490| 5-913| 6.216} 6.455 6.645| 6.801] 7.930
6.386, 6.816| 7.225 '_77.513 7-740| 7-939 “8.102|
7.258| 7.780| 8.200| 8.532| 55c7| 9.037] 9.233
8.404| 8.601| 9.148]| 9.523] q.835|10.101(10.328
8.965 ?57_[) 10.077110.489}10.837 1_‘__13_6 11.394
9-805(10.454/10.987|11.435}11.817{12.146{12.434

10.640|11.245/11.887)12.364/13.010}13-149(r3.218}
11.40c|12. 1 1012.718{13.281|13.723/14-109|14.3 14|
12.265|13.025{13.648(14.185[12.054/15.082|7¢ 55
13.114{13.860|14.517(14.049]15.573/16.011|16.400|
14.000]14.705]15.336|15-96516.480{10.940|17.354
14.747|15.542]:6.234 16.8‘1—:{ 17.381117.864 7839—3
15.513]16.328(17.041(17.674118.237|18.742|19. 198
16.373(17.201/17.929118.<7819 157'19.670|20.152
17.184(17.826018.772|19.438|20.036 20.577|21.068
18.84819.610;20.293|20.908 21.466 21.976
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The firft horizontal line exprefles the Height of the
piers in feet, from 6 to 24 feet, each increafing by 3:
the firft vertical column, the width of arches from 20
to 100 feet for every 5 feet. ,

The other columns exprefs the thicknefs of piers in
feet and decimals, according to the refpecive height
at the head of the column, and the width of the arch
againft it in the firft column.

Thus for'example, let the width of the arch be 6o~
feet, and the height of the piers 12; then tht number
12.718, under 12, and againft 60, expreffes the thick-
nefs of the piers, that is 12 feer, and 8.6 inches; we
mpft obferve again, that the length of the key-ftone -

is
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is 2 feet in an arch of 30 feet wide; 3, 4, 5, 6, in an
arch of 45, 60, 75,90 that of 20 feet width one foot
4 inches ; and the length of any other width is found
by adding 4 inches fog every 5 feet in width,

As this table contains the thicknefles of piers in re-

fpec to arches that are commonly ufed in praice, we
imagined, that to carry it farther would be needlefs;
befides, if any other arch of a greater width was pro-
pofed, the ftrength of its piers may be found by the
foregoing problcm, as well as thatof any intermediate
one not inferted here ; or becaufe the difference between
the thicknefs of the piers of any two contiguous arches
is but fmall; thofe between any two markcd here,
may be made equal to half the fum of the next below
and aboveit: thus the thicknefs of the piers of an arch
52 or 53 feet wide is nearly equal to 10.222, half the
fum of the thicknefles 9.805 and 10.64 of the arches
50 and 55 feet wide, when the height of .the piers is
6 fect.

Rettangular piers -are feldom ufed but in bridges
over fmall rivers ; in all others, they project the bridge
by a triangular prifm, which prefents an edge to the
ftréam, in order to divide the water more eafily, and
to prevent the ice from fheltering there, as well as
veflels from running foul againft ‘them ; that edge is
terminated b the ad)acent furfaces at right angles to
each other at #ftminfler bridge, and make an acute
angle at the Pout Royal, of about 6o degrees ; but lat-
terly the French terminate this angle by two cylindric
furfaces, whofe bafes are arcs of 6o~ decrccs, in all
their new bridges.

When the banks of the rivers are pretty high, the .
bridge is made quite level above, and all the arches of

an equal width; but where they are low, or for the
fake of navigation a large arch is made in the middle of
the ftream, then the bridge is made higher in the middle
than at the ends ; in this cafe, the flope muft be made
ealy and gradual on both fides, fo as to form above

, : : one

e
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one continued curve line, otherwile it appears difagree-
able to the eye. Mr. Belidor will have the defcent of
that flope to be one twenty fourth part of the length ;
and Mr. Labely fays he made it one twentieth part
only, which he thinks to be fcarce preccptiblc-, but as
Weftminfler bridge is 1220 feet according to his own
account; if half this breadth be divided by 20, we
fhall find 30.5 for the difference between the heighe
of the middle arch and the end of the abutments: now
if this can be called fcarcely perceptible, I thould be
glad to know how far this defcent may be carried,
fince it is plain, that the flope of #efiminfier bridge is
too much by a good deal, according to the beft judges;
for the beauty of any bridge confifts, in that one may
fee from one end to the other, like a ftreet, if it is pof-
fible; or, if the nature of the fituation does not permit
it, the leaft rifing is the beft; for which reafon, I
thould think that one fiftieth part of the length is quite
fufficient for the defcent; whence, according to this
rule, the middle arch of the above mentioned bridge
would be about 11 feet higher than the ends of the
abutment, which, in my opinion, would have looked
very well. - T

It may be faid, that the circumftances would not
allow fo eafy an afcent, becaufe the arches are circular ;
but if the middlearch, which is 38 feet high, had been
made elliptical, then that height would have been
reduced to 28.5 feet, that is, to three fourths of the
prefent height; this would .have diminithed the height
of the bridge by 9.53 and befides, one fourth of the
mafonry contained in the arches would thereby have
been faved, which methinks would have been a fuffici-
ent inducement to recompence the litile more trouble
required to make an elliptic arch inftead of a circular
one. '

The width commonly allowed to fmall bridges is 30
feet ; but inlarge ones near great towns, thefe 30 feet
are allowed clear for horfes and carriag:s, befides a

S banquet
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banquet at each fide for foot paffengers of 6 to g feet
each, raifed about a foot above the common rouad ; the
parapet- walls on each {ide are about 18 inches thick,
apd foar feet hi; *h ; the generally project the bridge wnth
a coraith underneath ; ; fometimes balluftrades of ftone
or iron are p.aced upon the parapet as at ¥ effiminfler 5
but this is only practifed where abridge of agreat length
is made near the capital of a country.

The ends of bridges open from the middle of the
two laft arches with two wings making an angle of 45

degrees with the reft, in order to m.lke their entrance.
more fres and ealy; thefe wings are fupported by the.

fame arches of the bridge next to them being continued
in the fame manncr of anarch, of which one pier is
much longer than the other,

We have before determined the length of the key-
flone, but faid nothing of the others towards the {pring
of the arch; which were formerly made all of the fame

length, ‘.nd the reft of the front-walls finilhed with

houzontal courfes up to the cordon, and the {pandrels
or interval between the arches filled with rubble-ftones
without mortar ; but now the joints of the arch-ftones
are continued quite up to the cordon, and the loofe
ftones between the archgs on the infide are laid in the
direction of the fame joints : this way of finifthing the
courfes of the ftones, both thhouc and within, is cer-
tainly preferable to the former : but the beft and only
true method is, to form the outﬁde courfes, 1in the
manner juft now mentioned, and in the infide, the
arch-ftoncs continued fo a$ to form the curve, whofe
conftru@ion has been given in the laft problem of the
fecond fe¢tion, part the firft; this being done, and the
ftones fo far laid in mortar, they will be in equilibrio
with each other, as has been fhewn in that feftion; the
reft may, be filled up with lcole ﬁones having proper
bonds as ufual.
* As the conftrultion of this exterior curve is fo eafy
its execution can admit of no difficulty; but becaule
: ‘ we
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we have not given that when the interior curve is an
ellipfis, and we have proved that curve to be the beft
and only one to be ufed in bridges, we muft beg leave
to reier the reader to the fifth fcction of the third book
of our mathematical tréatife, where it is given; it was
through overfight omitted in this work.

When the upper part of the bridge is finithed with
ftones in the manner mentioned above, fo as to form
one continued curvilinear furface, a bed of fand and
gravel is laid all over it; of about 6 feet deep, and then
finithed with paving the middle paffage, or with coarfe
gravel, and the banquets are covered with flat ftones for

"the foot paffengers. ’

The fpring of the arches fhould begin at low-watef
mark, thatis, that of the middic or greateft, the reft
are raifed fomewhat higher, fo as to make the upper -
partof the bridge of the propofed defcent ; but in a fitu-
ation where the water fwells very high in fome particu-

_ lar feafon of the year, regard muft be had to that, and
the arches muft be raifed accordingly.

The firlt figure of plate XXIV. is the elevation of a
bridge with elliptic arches, the fecond is the plan, and

“the third a fe@ion through the middle of the arch mext
to the abutment; the arches are 75 feet wide, the piers
12 high, and 15 broad; the angles at the extremities
are right ones, and reach from the bed of the river quite
up to the top of the parapet, where they form receffes
for paffengers to retire into upon occafion; but the
foundation up to the bed of the river is re¢tangular, - fof
realons mentioned hereafter. The fe@ion ihcws the
wings of the bridge in front, and how the arch turn§ id
that place. .

We have thus given all the dimenfions of the feveral
parts of ftone bridges (for the moft part deduced from
a well‘afferted theory, and therefore may be depended
upon with’ more fecurity than thofc given by otaer
authors) and which are to be neceffarily known before
the Luilding of a bridge is undertaken; we fha'i now

§ 2 .fhew
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fhew how to proceed in the execution from the begin-
ning of laying the foundation to the entirely finifhing of
the work. '

How the awork is to be carried on.

As the laying th. foundation of the piers is the moft
difficule parc ot the whole work, it is neceflary we
fhould begin with an ealy cafe, that is, when the depth
of the water docs not exceed 6 or 8 feet; and then

proceed to thole which may happen in a greater depth

of water.

One of the abutments with the adjacent piers is in-
clofed by a dyke called batardeau by the French, of a
fufficient width for the work, and room for the work-
men; this batardeau is made by 'driving a double
row of piles, whofe diftance is equal to the depth of
water, and the piles in each row are 3 feet from each
other; they are faftened together on the outfide by
bonds of 6 by 4 inches; this being done, frames of
about g feet wide are placed on the infide to receive the
boards, which are to form the inclofure, the two up-
rights of thefe frames are two boards of an inch and
half thick, fharpened below to be driven into the ground
and faftened together by double bonds, one below,
and the other above, each feparated by the thicknefs
of the uprights; thefe bonds {erve to flide the boards
between; after thefe frames have been driven into the
ground as hard as can be, then the boards themfelves
are likewife driven in till they reach the firm ground
underneath. '

Betw:en every two piles tie beams are faftened to the
bonds of the piles to faten the infide wall to the outfide
one; thele tie-beams are let into the bonds and bolted
to the adjacent piles: This being done, the bottom is
cleared from the loofe fand and gravel, by a machine
" like thofe ufed by ballaft-heavers; and then well-prepared
clay is rammed into this coffer very tight and firm, to
prevent the water from oozing through, ‘

Sometimes

e A e
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Sometimes thefe inclofures are made with piles only
driven clofe to each other, at others the piles are notch-
ed or dove-tailed one into the other: but the moft
ufual method is to drive piles with grooves in them, 5
or 6 feet diftant from each other, and boards are let
down between them.

This being done, pumps and other engines are ufed
to draw the water out of the inclofure, fo as to be
quite dry ; then the foundation is dug, and the ftones
are laid in the fame manner, and with the fame precau-
tions as have been mentioned in refpect to thofe of a
fortrefs : obferving to keep fome of the engines always
ftanding, inorder to draw out the water that may ooze
through the batardeau.

The foundation being cleared, and every thing ready
to begin the work ; a courfe of ftones is laid, the outfide
all round with the largeft ftretchers and headers that
can be had, and the infide filled with afhlers well joint-
ed, the whole laid in terrafs mortar : the facings are
crampt together, and fet in lead ; and fome cramps are
alfo ufed to faften the facings with the infide. The
fame manner is to be obferved throughout all the

. courfes to the height of low-water mark; after which
the facings alone are laid in terrafs mortar, and the in-
fide with the beft of the common fort. -

The extent of the bafe of the foundation does not fo
much depend on the bignefs of the piers as on the
whole weight of the fuperftructure, which methinks
has not always been fo mnch confidered as fhould have
been done ; for it is faid, that every courfe fhould pro-
je€t about a foot beyond that'which is next above it
from the height of low water mark, whether the bridge
be high or low, the arches cirtular or elliptic: butas
every pier fupports two half arches together with the
weight of the ftones laid between the hanches; the bafe
ought to be regulated accordingly, as likewife in pro-
portion to the height of the pier. 'When the founda-
tion is carried to the height of low-water mark, or to

S 3 _ the
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th - height where the arches begin, which ought to be
either thereabout or at moft two feet above it when the
arches are elliptical ; then the thaft or midiile wall is to
be carried up nearly to the height of the arches, and
there left ftanding till all the piers are finifhed, in order

that the mafonry may be fufficiently dry and fettled be-

-

fore the arches are begun.

As the piers end gencerally with an angle at each end,
_itis cuftomary to lay the foundation in the fame man-
ner, which is not fo well as to continue the bafe reét-
angular quite to the ends of the piers, and as high as
low-water mark; both becaufe the foundation be-
comes then fo much broader, and alfo becaufe the
water will not be able to get under it: for when the
current fets againft a flat furface, it drives the fand and
mud againtt it, {o as to cover it entircly ; whereas if a
fharp edge be prefented to the ftream, it carries every
thing away, and expofes the foundation to the continual
allion of the water, which in courfe of time muft
deftroy it. )

The piers being all finifhed, and the mafonry well fet-
tled; the next thing to be doneis toframe and fix the
cen-ers, which ought to be {o folid and ftrong as to be
able to fupport the great weight of the arches; as their
‘conitruétion is commenly known by workmen, and as
thofe made ufe of at /77gffininfler-bridge will be explained
by Mr. [ alely himielf, we fhall fay no more of them
than to oblerve, that they are fixed at the ends upon
the projection ot the foundation; and when the arches
‘are very large they are fupported in the middle by piles,
and they muft be raifed by means of iron wedges about

3 inches higher than the arches are intended to be, in’

order to allow for the fettling of the maionry, thefe
wedges by being loofened gradually ferve to eafe the
center, fo that it may only juft touch the arch, and fo
faciiitate the taking it quite away when the mafonry is
fufficiently fettled. - o '

| 5 , | The
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- The Freach engineers fix thin boards on each fide with
the direGions ot the joints marked upon them, for the
conveniency of working with more fpeed; this appears
to be very ufeful, efpecially when the arches are eilipti-
cal; they have patterns befides for every joint, inorder
to cut the ftones in a proper manner.

Thefe preparations being made, the ftones of the firft
courle are crampt together, as alfo all thofe of every
fifth courfe quite up to the key-ftones. ~ All the ftones
are to be laid in good ftrong mortar, not very thick, fo
that they may lay as clofe as pofiible, and caufe but
litcle fettling : the arch being compleated, the center is
eafed by means of the wedges, bptleft ftanding till the
next arch is finithed; then it is taken away and Tnade fit
to ferve for fome other arch; fo thatthere are not above
three centers required to compleat the bridge.

After the intervals between the arches are filled up
with ftones laid in a regular manner without mortar,
and the gravel islaid over them; two drains or gutters
are made length-ways over the bridge one on each fide
next to the foot -path, of about 6 feet'wide, and a foot
deep; which, being filled with fmall pebble ftones, ferve
to carry off the rain-water thatfalls on the bridge and to
~ preventits filtering through the joints of the arches, as
often happens.

If the fame prccautlons were ufed here, as have been
above recommended to prevent water from penetrating
- through arches conftruéted under ground, I fhould
imagine that this would be much better than the method
commonly practifed : for when the water pafles through
the Jomts of the arch-ftones, as it does at We/immﬂer
bridge, it has an ill effet to the eye, becaufe thofe
ftones that are wet look of a black colour, dxﬂ”ercnt
from'the reft.

S 4 ) ' How
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Hew to build in water with CoFFERS.

The former method of laying the foundation by
means of batardeaus is very expenfive and often meets
with great difficulties: for when the depth of water is
8 feet or more, it is fcarcely poflible to make the batar-
deaus fo tight as to prevent the water from oozing
through them;and in that cale, the number of engines
requm.d as well as the hands to work them, become
very expenfive; and if part of the batardeau thould
break by fome extraordinary wind or tide, the work-
men would be expofed to very great danger.

Therefore the next and beft method is to build with
coffers, when it is practicable, fuch as were ufed at

Weftminfter bridge. Since Mr. Labely promifes to give

~ a particuiar account of their conftruction, andthe man-
ner’ in which they were ufed, we fhall here mention
- fome few things only, referring the reader for a fuller
defcription of them to this gcntlcman s work, a part of
which has been publifhed fince the bridge was finifhed.
The heightof water was 6 feet at a medium when
lowelt, and the tide rofe about 10 feet at a medium
alfo; fo that the greateft depth of water was about 16
feet ; at the place wherelone of the piers of the middle
or great arch was to be, the workmen began to drive
piles of about 13 or 14 inches fquare, and 34 feet long,
fhod with iron, fo as to enter into the gravel with more
eafe, and hooped above to prevent their fplitting in

driving them; thelfe piles were driven as deep as could -

be done, which was 1 3 or 14 fect below the furface of

the bed of the river, and 7 feet diftant from each other,
parallel to the thort ends of the pier, and at about 30 feet
diftant from them ; the number of thefe piles was 34,
and their intent to prevent any veflels or barges from
approachingthe work; and in orderto hinder boats from
pafling between them, booms were placcd fo as to raife
and fall with the water.

This

{
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This being done, the ballaft-men began to dig the
foundation under the water, of about 6 feet deep, and
5 wider all round than the intended coffer was to be,
with an eafy flope to prevent the ground from falling
in; inorder to prevent the current from wathing the
fand into the pit, fhort grooved piles were driven be-
fore the two ends and part of the fides, not above 4
feet higher than low-warter mark, and about 15 feet
diftant from the coffer; between' thefe piles, rows of
boards were let into the grooves down to the bed of the
river and fixed there. ‘

The bottom of the coffer was made of a ftrong
grate, confifting of two rows of large timbers, the one
long-ways and the other crofs-ways, bolted together
with wooden trunnels, ten feet wider than the intend-
ed foundation. The fides of the coffer were made of
fir timbers laid’ horizontally clofe one over  another,
pinned with oaken trunnels, and - framed together at
the corners, excepting at the two falient angles, where
they were fecured with proper irons, fo that the one
half might be loofened from the other if it fhould be
thought neceflary ; thefe fides were lined on the inlide
as well as on the outfide with three inch planks placed
vertically ; the thicknefs of thofe fides was 18 inches at
the bottom, reduced to 15 above, and they were 16
feet high; befides, knee-timbers were bolted at the
angles, in order to fecure them in the ftrongeft man-
ner. The fides were faftened to the bottom by 28 pieces
of timber on the outfide, and 18 within, called ftraps,
about 8 inches broad, and 3 or 4 inches thick, reach-
ing and lapping over the ends of the fides; the lower
part of thefe ftraps had one fide cut dove-tail fathion,
inorder to fit the mortifes made near the edge of the
bottom to receive them, and were kept i their places
by iron wedges ; which being drawn out when the fides
were to be taken away, gave liberty to clear the ftraps
from the mortifes. : ’

Before
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Before the coffer was launched, the foundation was
examined, inorder to know whether it was level ; for
which purpofe feveral gauges were made, each of which
confifted of a ftone of about 15 inches fquare, and 3
thick, with a wooden pole in the middle of about 18

feet long. The foundation being levelled and the cof- .

fer fixed directly over the place with cables faftened
to the adjacent piles; the mafons laid the firft courfe
of the ftones for the foundation within ir, which being
finithed, a {luice made in the fide was opened near the
time of low-water; on which the coffer funk to the
bottom; and if it did not fct level, the fluice was fhut,
and the water pumpt out, fo as to make it float till
fuch time as the foundation was levelled ; then the ma-
fons crampt the ftones of the firft courfe and laid a fe-
eond, which being likewife crampt, a third courfe was
Jaid : than the fluice being opened again, proper care
was taken that the coffer fhould fettle in its due place.
The ftone-work being thus raifed to within two feet of
the common low-water mark, about two hours before
low water the fluice was thut, and the water pumpt
out fo far as that the mafons could lay the next courfe
of ftone, which they continued to do till the water was
rifen fo high as to make it unfafe to proceed any far-
‘ther; then they left off the work, and opened the fluice
to let in the water; thus they continued to work night
and day at low-water, till they had carried their work
fome feet higher than the low-water mark ; after this
the fides of the coffer were loofened from the bottom,
which made tham float, and then were carried athore
to be fixed to another bottom, in order to ferve forthe
next pier. "

It muft be obferved, that the coffer being no higher
than 16 feet, which is equal to the greateft depth of
water, and the foundation being é feet under the bed
of the river; the coffer was therefore 6 feet under
water when the tide was in ; but being loaded with three
courfes of ftones, and well fecured with ropes faftened

)
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to the piles, it could not move from its place. By mak-
ing it no higher much labour and expence were faved,
yet it an{wered the intent full as v - * as if it had been
high enough to reach above =i i+ - lieft flood.

The pier being thus carric | - abovelow-water mark,

‘the mafons fini(hed the reft of it during the intervals of

the tides in the ufual way ; and after all the piers and
abutments were finifhed in a like manner, the arches
wefe begun and compleated as mentioned betore : the
whole bridge was built in about feven years, without
any accidents happening, either in the work or to the
workmen, which is feldom theé cafe in works of this
pature. , : :

It may be obferved, thar all the piers were built with
folid Portland ftone, fome of them weighed four tons,
the arch-ttones were likewife of the fame fort, but the
reft of the mafonry was finithed with Kentifh rag-ficnes;
and the paths for foot pafifengers were paved with Purbec,
which is the hardefl ftone to be had in this country, ex-
cepting Plymouth marble.

This method of building bridges is certainly the ea-
fieft and chapeft that can be thought of, but cannot be
ufed in many cafes: when the foundation is fo bad as
not to be depended upon without being piled, or the
depth of water is very great, with a ftrong current and
no tide, I do not fee how it can tlfen be practifed. For
if piles are to be ufed, it will be next to impoffible to
cut them off in the fame level five or {ix teet below the
bed of the river, notwithftanding that faws have been
invented for that purpofe; becaufe, if they are cut off
feparately it will be a hard matter to do it {o nicely that
the one fhall not exceed the other in height, and if this
is not done, the gratingor bottom of the coffer will not
be equally fupported, whereby the foundation becomes
precarious : neither can they be cut off all together; for

iles are to be driven as far as the bottom of the coffer
extends, which at Weftminjler bridge was 27 feet; the’
faw muft have three feet play, which makes the total
length
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length of the faw 30 feet; now if either the water is
deepcr than it is there, orthe arches are wider, the faw
mutt ftill be longer; fo that I lcave the reader to judge
whether this method be practicable or not, inany fuch
like cafes.

In a greatdepth of water that hasa ftrong current
and no tide, the coffers muft reach above the water,
which makes them very expenlive, and unweildy to
manage, as well as very difficult to be fecured in their
places, and Lept fteddy : fo that there is no probability

of ufing them in fuch a cafe.

In fome cafes when there is a great depth of water,
and the bed of the river is tolerably level, or can be
made fo by any contrivance, a very ftronge frame of
timber about four times as large as the bafe of the piers
may be let down with ftones upon it round the edges
to make it fink : after fixing it level, piles muft be dri-
ven about it tokeep it in its place 5 ‘and then the foun-
dation may be laid in coffers as before, which are to be
kept fteddy by means of ropes tied to the piles.

This methed has frequently been ufed in Ruffiz, asI
have been affured by a gentleman who has feen it.
Though the bed of the river is not very folid, yet

fuch a grate, when once well fettled with the wcxght of

the pier upon it, will be as firm as if piles had been
driven under the foundation ;3 but to prevent the water
from gulling under the foundation and to fecure it
againtt all accidents, a row of dove-tail piles muft be
driven quite round the grating ; this precaution being
taken, the foundation will be as fecure as any that can
be made.

The French engineers make ufe of another method
in raifing the foundations of mafonry under water ;
which is, to drive a row of piles round the intended
place, nearer to, or farther from each other, according
as the water is more deep or fhallow ; thefe piles, being
ftrongly bound tegether in feveral placed with horizon~
tal tie-beams, ferve to fupport a row of dove-tail piles

driven
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‘driven within them; when this is done, and all well
fecured according to the nature of the fituation and cir-
cumftances, they dig the foundation by means of a
machine with fcoops, invented for that purpofe, until
they come to a folid bed of gravel or clay; or if the
bed of rhe river is of a foft confiftence to a great depth,
it is dug only to about 6 feet, and a grate of timber is
laid vpon ir, which is well fecured with piles driven
into the oppofite corners of each fquare, not minding
whether they exceed the upper furface of the grate much
or little. -

When the foundation is thus prepared, they make a
kind of mortar called beton, which confifts of twelve
parts of pozolano or dutch terrafs, fix of good fand,
nine of unflaked lime the beft that can be had, thir-
teen of ftone fplinters not exceeding the bignefs of an
egg, and three parts of tile-duft, or cinders, or elfe
fcales of iron out of a forge: this being well worked
together muft be left ftanding for about 24 hours, or
till it becomes fo hard as not be feparated without a
pick,ax.

This mortar being thus prepared, they throw into
the coffer a bed of rubble ftone not very large,and fpread
them all over the bottom as nearly level as they can;
then they fink a box full of this hard mortar, broken
into pieces, tillit comes within a little of the bottom ;
the box is fo. contrived as to be overfet or turned upfide
down at any depth ; which being done, the pieces of
mortar foften and fo fill up the vacant fpaces between
the ftones ; by thefe means they fink as much of it as
will form a bed of about twelve inches deep all
over: then they throw in another bed of ftone, and con-
tinue alternately to throw one of mortar and one of ftone
till the work approaches near the furface of the water,
where it is levelled, and then the reft is finifhed with
ftones in the ufual manner.

Mr, Belider fays, in the fecond part of his hydraulics,
vol. ii. pag, 188, that Mr, Melet de Montville hagilng

lled
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filled a coffer containing 27 cubic feet, with mafonry
made of this mortar, and funk it into the fea, it was
there left ftanding for two months, and when it was
taken out again, it was harder then ftone itfelf. - Where
fuch mortar can be made, this method has c-rtainly the
advantage over all the others,” not only in build.ng the

- piers of bridges over deep rivers, but likewife in mak-

ing piers for harbours, and in all other aquatic werks
but before it is made ufe of, I would advife the engi-
neer to make firft a trial of his mortary fince works
of this naturs are of too great confequence to be carried
on without an abfolute certainty of fuccefs.

We have hithergo mentioned fuch fituationsonly where
the ground is of a foft nature; but where it is rocky and
uneven all the former methods prove ineffeCtual ; nor
indeed has there yet been any one propofed that [ know
of, which might be ufed upon fuch an occafion, ef-
pecially in a great depth of water ; but as an engineer
ought to know how to proceed upon all occafions, we
thall therefore mention focme few obfervations under
this head. When the water is not fo deep but that the
unevennefs of the rock can be perceived by the eye,
piles ftrongly fhod with iron may be raifed and lec fail
down by means of a machine, upon the higher parts,
fo as to break them off piece by piece, till the founda-
tion is tolerably even, efpecially when the rock 1s not
very hard ; which being done either this or any cther
way that can be thought of, a coffer is made without
any bottom, which is let down and well fecured, fo as
not to move from its place; to make it fink, heavy
ftones fhould be fixed on the outfide; then ftrong mor-
tar and ftones muft be thrown into it; and if the foun-
dation is once brought to a level, large hewn ftones may
be let down fo as to lie flat and even; by thefe means
the work may be carried on quite up to the furface of
the water. ) ,

But: when the water is fo deep, or the rock fo hard

as not to be levelled, the foundation muft be founded,
: . ' fo
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fo as to get nearly the rifings and fallings; then the
- lower part of the coffer muft be cut nearly in the fame
manner, and the reft finithed as before. It muft how-
ever be obferved, that we fuppofe a poffibility of fink-
ing a coffer, but where this cannot be done, no me-
thod that I know of will anfwer; and therefore I leave
it to the judgment and knowledge of the engineer em-
ployed upon fuch an occafion, in what manner he is to
proceed. ‘ ‘ '
Among the aquatic buildings of the ancients nene
' appear to have been more magnificent than Trajan’s
bridge. Dion Caffius gives the following account of
‘it: ¢ Trajan built a bridge over the Danube, whichin.
¢ truth one cannot fufficiently admire ;. for though all
< the works of T7ajan are very magnificent, yet this
< far exceeds all the others: The piers were 20 in
¢ pumber, of {quare ftone ; each of them 150 feet high
¢ above the foundation, 60 feet in breadth, and diftant
¢ from one another 170feet. Though the expence of
¢¢ this. work muft have been exceeding great, yet it be-
¢« comes more extraordinary by the river’s being very
¢¢ rapid, and its bottom of a foft nature: where the
¢« bridge was buile, was the narroweft part of the river
<« thereabout, for in moft others it is double or treble
¢ this breadth; and although on this account it became
¢¢ fo much the deeper and the more rapid, yet no other
¢¢ place was fo juitable for this undertaking. The
¢ arches were afterwards broken down by Adrian ; but
¢ the piers are ftill remaining, which feem as it were
¢ to teftify, that’there is nothing which human inge-
¢ nuity is not able to effect.” The whole length then
. of this bridge was 1590 yards; fome authors add, that
it was bwlt in one fummer, and that Apollodorus of
Damafcus was the architect, who left behind him a def-
cription of thisgreat work. Itisagreatlofs tothe world
that his defcription has not come down to us, fince it
would have fhewn both how thefe works were carried on
formerly
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formerly and how far modcrn huilders are inferior to
the antients.

S ECT. I
Of HarBouRrs.

HE making and inclofing harbours with piers,

T fo as to refift the wind and waves for the prefer-

vation of fhips in ftormy weather, is one of the moft

ufeful and neceffary works that can be made in a trad-

.ing nation, fince the fecurity of their wealth and power
depends greatly upon it; for many fhips have been

caft away, and the lives of many people loft, for want .

of a fecure harbour, which might have been faved for
a moderate fum of money, had it been properly ap-
plied.

‘Though engineers are not generally employed here in
England in fuch kind of works, yet it is properly their
bufinefs ; this may perhaps rather be owing to their

“want of fkill in them to any thing elfe : but fince for-

trefles are generally built near the fea or navigable rivers
for the fecurity of trade, and this cannot be fecured
without building fafe harbours ; therefore it ought to
be the parncular ftudy of every young engineer, who
isdelirous of being ufeful to his country, or of diftin-
guithing himfelf, to make himfelf mafter of this branch
of bufinefs.

As it feldom happens that fuch works are carried on
at home, he fhould attentively examine thofe harbours
already executed, both at home and abroad, and take
notice of their figure, ﬁtuauon, entrance, wind and
tide, whether the ﬂnps can go in with fafety in foul
weather, and out when favourable ; whether it would
have been better if the entrance had been made elfe-
where ; whether the piers are ftrong and folid, or
want often to be repaired, and in general whether the

_ harbour
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harbour anfwers in every refpect the intention for which
it was built. ‘ ‘

He ought to get information from the inhabitants,
workmen, or the builder himfelf, if he is alive; to
know the reafons for making it of that figure, why the
entrance is placed in that fituation, how the founda-
tions were laid, what accidents happened, how long it
was in building, what number of hands were employ-
ed, and what the expences have been.

Having thus examined as many harbours as he could
conveniently fee, and having made himfelf acquainted
with the manner of their building, he will be able to
judge, when anew one is propofed, whether the fitua-
tion is proper or not, and how it may be executed in
the beft and fecureft manner, together with what the
expences would nearly come to. -

But before a young engineer enters upon pratice,
he thould have a proper knowledge of the mathema-
tics, efpecially of that part which treats of the mecha-
nical powers and hydraulics, in order to know in what
manner engines are conftruted and applied to the fe-
veral ufes they are intended for; this he may obtain
by confulting thofe authors who have written upon
them, and by examining the engines themfelves, to
fee if they anfwer the intention, or whether they might
not be improved ; or elfe, if others could not be in-
vented of a different form, which would be more fim-
ple, and more expeditious.

In order to affift beginners, we fhall fet down here
the principal enquiries to be made before a harbour is
exccuted, the manner of laying the foundation, and
how the works are to be carried on moft fecurely, in
the plaineft and eafieft manaer that we could think of, -
and which has been approved of by molft authors who
have treated of this fubjett.

The firlt thing to be confidered is the fituation,
which may be fome large creck or bafon of water, in
or near the place were the harbour is intended to be

‘ T made,
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made, orat the entranice of a large river, or hear the

fea; for a harbour fhould never be dug entirely out of

dry land, unlefs upon fome extraordinary occafions,
where it is impoffible to do otherwife, and yet a har-
bour is abfolutely neceffary; when a proper place is
found, before it is fixed upon, it muft be confidered
whether fhips can lie there fafe in ftormy weather, ef-
pecially when thofe winds blow which are moft danger-
ous upon that coaft ; whether there be any hills, rifing
ground, or high buildings that will cover it; in thefe
cafes the fituation is very propei; but if there be no-
thing already that will cover the fhips, it muft be ob-
ferved whether any covering can be made at a mode-

rate expence, otherwife it would be ufelefs to build z.

harbour there.

The next thing to be confidered is, whether there be
a fufficient depth of water for large fhips to enter with
fafety, and lie there without touching the ground, and
if not, whether the entrance and infide might not be
made deeper at a moderate expence;; or in cafe a fuffi-
cient depth of water is not to be had for large fhips,
whether the harbour would not be ufeful for fmall mer-
chantmen; for fuch a one is often of great advantage
when fituated upon a coaft much frequented by {mall
coafting vefiels. : ,

-The place where the entrance is to be madé qught to

be well confidered ; it ought to be fuch that the [hifps _
or

may enter in foul weather and go out when fair :
though fhips may enter when in diftrefs, yet if they
cannot go out when the wind is fair to purfue their
voyage and not to lofe their market ; fuch a harbour
would not anfwer the end for which it was defigned.
It is therefore neceffary to confider well the current,
tide, and winds, as alfo the banks of fand near about
it; and to confult the mafters of fhips as well as the
pﬂots who live thereabout, or frequent the coafts: they
are better judges where the entrance fhould be than any
body elfe; butif it fhould happen that they are divided
: ' . ©in
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in their opinions, as it often is theé cafe; ‘it will be:
prudent not to determine the fituation of the entrance
till part of the piers are built, and fufficient obferva~
tions made, where it will be moft convenient. '

When a fituation has been found that has all or moft
of thefe requifite advantages, anenquiry is to be made
concerning the materials to be ufed in building the’
© piers, where they are to be had ; if upon the fpot, near
at hand; or when at a diftance, whether they are to be
brought by land or water carriage, or partly one way
and partly the other; their prime coft muft be known,

the expence for bringing them to the fpot, the time re-
" quired, and the expence of the workmanthip to make
them ready for ufe. _

All thefe preparative enquiries being made, the form
or figure of the harbour muft be determined in fuch a
manner that the thips which come in when it is ftormy
weather may lay fafe, and fo as there may be fufficient
room for as many‘as pafs that way: the depths of water
where the piers are to be built, muft be takenatevery
ten, fifteen, or twenty feet diftance, and marked upon
piles driven here and there, in order that the workmen
may be directed in laying the foundation. ‘

This being done, it muft be confidered what kind of
materials are to be ufed, whether ftone, brick, or wood:
when ftones are to be had at any moderate price, they
ought to be preferred, becaufe the work will be much
ftronger, more lafting, and need fewer repairs than if
made with any other materials : but when ftones are
fcarce, and the expence becomes greater than what is
allowed for building the harbour, the foundation may
be made of ftone as high as'low-water mark, and the
reft finithed with brick. If this manner of building
thould {till be too expenfive, wood muft be ufed; that
is, piles are driven as clofe as is thought neceffary,
which being faftened together by crofs-bars, and cover-
ed with ftrong oaken planks, form a kind of coffer,

- which is filled with all Kinds of ftones, chalk, and
: T 2° fhingles,
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fhingles, as will be explained more at large hereafter.

‘The materials being fixed upon, an eftimate is made
of the expences; the number of hands to be employed
at a time is determined, fo as they may conveniently
work without interfering with one another; and from
thence it may be nearly computed what time will be
required for compleating the whole work.

The manner of laying the foundation in different
depths of water, and in various foils, requires particu-
lar methods to be followed : when the water is very
deep, the French throw in a great quantity of ftones at

random, fo as to form a much larger bafe than would-

be required upon dry land ; this they continue to within
3 or 4 feet of the furface of the water, where they lay
the ftones in a regular manner, till the foundation is
raifed above the water; they then lay a great weight
of ftones upon it, and let it ftand during the winter to
fettle, as likewife to fee whether it is firm, and refifts
the. force of the waves and winds; after that they
finith the fuper-ftructure with large ftones in the ufual
manner.

As this method requires a great quantity of ftones,
it can be practifed but in a few places, where ftones are
in plenty ; and therefore the following one is much
preferable. A coffer is made with dove-tail piles of
about 30 yards long, and as wide as the thicknefs of
the foundation is to be 3 then the ground is dug and
levelled in the manner defcribed in the laft feétion ;
and the wall is built with Beton mortar, as has been
defcribed in the fame fection.
~ As{oon as the mortar is tolerably dry, thofe piles
at the end of the wall are drawn out, the fide rows are
continued to about ‘30 yards farther, and the end in-
clofed ; then the foundation is cleared, and the ftones
laid as before. But it muft be obferved, that the end

ot the foundation finifhed is left rough, in order that

the part next to it may incorporate with it in a proper
manner 3 but if it is not very dry it will incline that

way
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way of. itfelf, and bind with the mortar that is thrown
in next to it; this method is continued till the whole .
pier is entirely finifhed.

It muft likewife be obferved, that the piers are not
made of one contived folid wall; becaufe in deep
water it would be too expenfive; for which reafon,
two walls are built parallel to each other, and the in-
terval between them is filled up with fhingle, chalk,
and ftone : Asthefe walls are in danger of being thruft
out or overfet, by the corps in the middle, together
with the great weight laid at times on the pier, they
are tied or bound together by crofs-walls at every 30
or 40 yards diftance, by which they will fupport each
other in a firm and ftrong manner. For want of thefe
crofs-walls it has happened, not many years ago, that
the walls of a work were overfet for the fpace of fome
hundred yards.

If fuch mortar can be made as what the French call

Beton, there can {carcely be found a better method
than that above for laying foundations in deep water,
and it may be ufed upon all occafions ; but as fuch
mortar is not every where to be had without great ex-
pences, I imagine that common terrafs mortar, mixt
with fmall ftones, and fome cinders if to be had, will
anfwer, the purpofe as well; but the engineer, who is
-to carry on the work, ought to make trial of it before
‘he ufes it.
_ If the foundation be bad to a great depth, I would
ink it only ‘about 4 feet below the bed of the river;
and lay a ftrong grate of timber, as in thofc of the
piers of a bridge; but if it thould be rocky, a coffer’
muft be made without a bottom, and the under part
cut nearly with the fame rifings and fallings, according
-to the manner mentioned in the laft feétion.

In a country where there is a great plenty of ftones,
piles may be driven in as deep as they will go, at about
two or three feet diftance, and when the foundation is
funk and levelled, large ’I}ones may be let down, which

3 will
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will bed themfelves; but care muft be taken to lay
them clofe, and fo as to have no two joints over each
other; and when the wall is come within reach, the
ftones muft be crampt together. - 2
Another method practifed, is to build in coffers much

 after the fame manner as has been done in building the

piers of Weftminfier-bridge; but as in this cafe the ends
of the coffers are left in the wall, and prevent their
joining fo, well as to be water-tight, the-water that pe-
netrates through and enters into the corps, may occa-
fion the wall to burft and to tumble down. Anothet
inconveniency arifing from this manner of building is,

" that as there are but few places without worms, which

will deftroy wood wherever they can find it, by their
means the water is let into the pier, and confequently
makes the work liable to the fame accident as has been
mentioned above. ’ :

To prevent the incoveniencies of this' method, I

would take the wood away, and joggle the ends of the

walls together with large ftones, and pour terrafs mor-

- tar into the joints; when this is done, the . water be-
.tween the two walls may be pumpt out, and the void

fpace filled up with ftone and fhingle .as ufual:. or if
thefe joggles cannot be made water-tight,. fome dove-
tail piles muft be driven at each end as clofe to the wall
as can be done, and a ftrong fail-cloth put on the out-
fide of them, which, when the water is pumpt out, will

ftick fo clofe to the piles and wall, that no water-can

come in. This method is commonly ufed in Ruffa,

.as I have been informed. -~ = =

Plate XXV. In order to underftand clearly the me-
thod of building piers, we have given the plan and
feGtion of one of the walls, ‘in the firft figure, fuch as
had been propofed for inclofing a harbour, upon a
chalky foundation: the water is but 6 feet high when-
Joweft, and rifes to 24 when the tide is in. The man-
ner propofed for building the piefs, was to dig the foun-
dation about two feét deep, which is fufficient for fuch

A ' a.ground,
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. a ground, and to fink large blocks of ftone of about
3 feet high, which could have eafily been crampt toge-.
ther at 3 or 4 feet under water; then to lay another
courfe of large ftones over the firft, and to cramp
them as before; ‘the fame thing was to be done, till
the wall was carried about two feet above low-water
mark : or if this method of laying the foundation was
not approved of, to lay it in coffers in the manner
mentioned above. ‘

It was faid, that the funds allowed for building the
harbour were not fufficient to make the piers entirely
of ftone; for which reafon, the reft was to have been
continued with hard bricks, fuch as are called clinkers,
to about 8 feet high; then a courfe of ftones was to be
laid of a foot high and crampt together; after this
bricks were to be laid again to the fame height as be-
fore, and then another courfe of ftone; this was to
have been continued quite up to the entire completion
of the pier. o '

The ftone foundation being 8 feet high, that is, from
two feet under the bed of the water to low-water mark ;
and from thence to the top being 23 feet; therefare
the infide wall is five feet higher than high-water mark ;
and as the outfide wall has a parapet of 5 feet high, and
3 or 4 thick ; this wall is ten feet higher than the wa-
ter'when the tide is in; which height was thought ne-
- ceflary, in order to cover the people ftanding there,
from the water, becaufe the waves rife very high in that
place, at certain times of the year.

The walls were to be 28 feet diftant from each other,
five feet thick above, and the bafe of the {lope one fifth
of the height; which would have made the thicknefs

“of the piers 34 feet above, befides the parapet, which
takes up 4, and 50 near the bottom of the water, At
every 3o feet diftance was to be made a crofs or tie-wall,
of three feet thick, to bind the two walls together ;
this diftance may be greater near the thore, where the
waves have not fo great a force as farther from it; and
’ T 4 to,
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to fave trouble as well as expences, thefe crofs-walls
were to be built with low arches upon piers of four
feet long, beginning at low-water mark, as may he
~feen in the plan and fection. -
The thicknefs of a pier depends on two confidera-
tions ; it ought to be both fuch as may be able to refift

the fhock of the waves in ftormy weather, and alfo to

be of a fufficient breadth above, that thips may be laden
or unladen whenever it is thought ncceflary. Now
becaufe the fpecific gravity of fea-water is about one
half that of brick, and as 2 to 5 in comparifon of
ftone, and fince the preflure of ftagnated water againft
any furface is equal to the weighr of a prifm of water
whofe altitude is the length of that furface, and whofe
bafe is a right angled ifofceles triangle, each of the
equal fides being equal to the depth of the water, there-
fore a pier built with bricks, whofe thicknefs is. equal

~ . to the depth of the water, will weigh about four times

as much as the preflure of water againftit: and one of
ftone of the fame breadth about 6 times and a quarter
as much. Now this is not the force to be confidered,
fince this preflure is the fame within as without the

pier; but it is that force with which the waves ftrike

againft the piers, and that depends on the weight and
velocity of the waves, which can hardly be determined;
becaufe they vary according to the different depths of
water, the diftance from the fhore, and according to
the tides, winds, and other caufes. Confequently the
proper thicknefs of the piers cannot be determined by
any other means than by experience.

Practitioners fuppofe, that if the thicknefs of a pier
is equal to the depth of the water, it is fufficient; but
for a greater fecurity they allow 2, 3, or 4 feet more;
this might probably do, if piers were built with folid
ftones crampt together; but as this is hardly ever the
cafe, and on the contrary, as the infide is filled up
with fhingle, chalk, or other loofe materials, their
rule is not to be depended upon : befides it makes the

: : {pace

,————— -
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fpace above too narrow, for lading and unlading the
fhips, unlefs in a great depth of water; fo that it does
not appear that their method can be followed excepting
in a very few cafes where the water has but very little
motion. E
The reader will eafily perceive, that the plan and
fection reprefented in this plate, may ferve for a pier
built either of all ftone or brick, or elfe with both mixt
together ; by obferving only to make the walls fome-
thing ftronger when they are made with bricks, than
when of ftone. When ftone can be had, noother ma-
terials fhould be ufed, becaufe they being of a larger
bulk than brick, will refit better the waves by their
own weight, till fuch time as the mortar is grown hard ;
~ for after this is effected, brick will refift better againft
the attion of fea-water than foft ftones. ,
The wall muft be built with terrafs mortar from the
. bottom to the height of low-water mark, and the reft
finithed with cinder or tile-duft ‘mortar, which has been
found fufficiently good in thofe places where the wall is
.wet and dry alternately. The upper part of the pier
thould be paved with flat hewn ftones laid in ftrong
mortar, in order to prevent any water from penetrating
into the pier: iron rings ought alfo to be fixed here
" and there at proper diftances, to faften the fhips, and
prevent them from ftriking againft the pier when agi-
tated by the waves. ‘ ’
At the mouth of the harbour the piers thould be ter-
minated with plat-forms, or forts, to place guns there, in
order to defend the entrance, in cafe of .neceffity. Some-
times piers are built fo large as to place ftore-houfes
upon them, efpecially in fea-port towns, where fleets
are ficted out: this has been done at Toulon, about the
harbour of the royal navy, whereby the fthips are co-
vered from the wind, as well as from being feen from
without ; fo that a flcet may be fitted out in a private

manner. ,
‘Woodeg
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‘Wooden fenders or piles fhould be driven at the in- .
fide clofe to the wall, and crampt to it with iron, to
prevent the thips from touching them, and from being
worn by their continual motion. Where the fea breaks
againft the piers with great violence, breakers fhould
be made at proper diftances; thatis, two rows of piles
are driven nearly at right angles to the piers for the
length of about 12 or 15 feet, and at about 8 or 10
feet diftant from each other ; and then another to join
the two former ; thefe piles being covered with planks,
and the infide being filled with fhingle and rubble-
ftones, then the top is paved with ftones of about a foot
in length, fet long-ways to prevent the waves from
tearing them up. This precaution is abfolutely neceflary
where the water rufhes in very ftrongly.

The fetion reprefented here, contains 1035.6 cubic
feet of mafonry, for every foot in length, and 834 cu-
bic feet of rubbith or thingle to fill up the infide; fo
that knowing the length of the piers, and the price of
the materials and workmanthip, the whole expence for
building the piers will be eafily known ; barring acci-
dents, which unavoidably will happen in all works of
this kind, and for which the French generally allow one

+ fixth part of the expences computed.

‘When it happens that ftones are not to be had, with-
Qut great expence, or theimportance of the harbouris
not much; then piers are built with timber, fuch as
that at Dover, and in many other places. The plan
and fection reprefented by the fecond figure may infuch
a cafe be aptly applied; the breadth above of the fecti-

- onis gofeet, the bafe of the flope of the outward piles

one fixth part of the height, which is here the fame as
in the former fection, that is, 29 or 30 feet: the piles
are about 14 inches fquare, the crofs-beams 4 from 10
to 12, and the tie-beams 4, 8 by 10. Thefe frames are
from 12 to 15 feet diftant from each other, and three
piles are to be driven between them, as may befeen by
she plan; there are befides two rows of fhort piles og
- cac
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each fide of the piér, five feet diftant from the long
ones; and which reach no higher than low-water mark.

The reafon for driving thefe fhort piles is, thatbeing
always under water they will notdecay, and nothing
will hurt them, excepting worms; fo that when the lon
ones, ‘which are expofed to wet and dry, are decayed,
the foundation remains found and firm; by which
means it will be eafy to repair that part of the pier above
low-water mark, whenever there is any occafion for it.
And to fecure the foundation ftill better, dove-tail piles
of about.6 inches thick, are to be driven all round,
and ftrongly faftened together with timbers, one above
to receive the heads, 'and others on the outfide. -

The fides of the piers are to be covered with good
oaken planks of about 4 or 5 inches thick, faftened to
the tie-beams 4, with wooden trunnels; or elfe, thefe
planks may be placed on the infide of the tie-beams 4,
which, in my opinion, is better, becaufe the preffure of
the fhingle and rubble-ftones with which the infide of -
the pier ‘Is filled, - will not be able to loofen the planks,
as it might do, when they are faftened on the outfide.

- Itisfaid, that when the planks are faftened on the
infide, they cannot bé eafily repaired when there is oc-
cafion for it ; but this 6bjetion is inconfiderable, in re-
fpeé to the advantage arifing from this pofition ; for
‘the rotten plank being taken away, ‘a new one may ea-
Gily be flipped into it’s place, between the tie-beams 5,
and- the fhingle: and if they cannot be faftened with
‘wooden trunnels, it may be done with iron nails. The
planks muft reach about 4 feet above the upper furface
of the pier, and be fecured with proper timbers, fo as
‘to form'a kind of parapet on each fide, inorder to pre-
vent. the people, ftanding there, from being wetted by
the waves in ftormy weather.

This frame is the moft fimple, and the moft natural
that we could think of ; and yet as ftrong, in my opi-
nion, as can be defired to. refift the altion of the waves
Jet them be ever fo great: it is true, that moft of the

R workmen
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workmen will think it infufficient, as having no braces,
. of which they are fo fond, that they think no work
well fecured without them; but as I do not efteem
them neceffary, I have omitted them here.

In thofe wooden piers 1 have feen, there was no bafe

made with fhort piles, fuch as are reprefented in the .

fecond figure ; for the long piles reached from top to
the bottom, and no dovetail piles were driven to fecure
the foundation, as far as I could finds but fince fuch
works ought to be made in the moft fecure manner,
and fo as not to want continual repairing; I would ad-
‘vife the dire&ors of them, to confider well the nature of
the fituation, as well as the importance of the harbour,
before they form a fcheme for building the piers.

What has been faid here in regard to the building of
piess for harbours will equally ferve for that of quays,
and all other works made in water ; it muft only be ob-
ferved, that as quays are often loaded with very great
weights, the wall muft be made much ftronger than
thofe of ramparts, which fupport the preffure of earth
only. But to give fome rule whereby the reader may
be directed, I imagine that, if the thicknefs be treble
* that of the wall of a rampart of the fame height, it will
be fufficient : thus if the height of the quay be 10 feet,
and the bafe of the flope one fixth of the height; by
trebling the height 1.5 feet, found in table the firft for
the thicknefs above of a wall of the fame height, we
get 4.5 feet for the thicknefs above of the faid wall. To
fecure thefe walls yet better, piles are driven on the in-
fide about 20 feet diftant from the wall, and about 15
feet from each other; the heads of which are tenoned
into a beam, and others laid acrofs are let into this
beam at one end, and at the other goipg through the
- wall are fixed to the fenders on the outfide with iron
firaps bolted into thefe beams.

SECT.
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SECT. I

Of SLUICES and AQUEDUCTS.

NLUICES are made for various purpofes; fuch as
to make rivers navigable ; to join oneriver toano-
ther, which is higher or lower, by means of a canal;
to rife inundations upon particular occafions, or to
drain fpots of ground that are overflown by high tides:
they are alfo made in fortrefles, to keep up the water
in one partof the ditches whilft the other is dry ; and
to raife an inundation about the place when there is
any apprehenfion of being attacked.

Sluices are made different ways, according to the
ufes they are intended for; when they ferve for naviga-
tion, they are fhut with two gates prefenting an angle
towards the ftream : when they are made near the fea
two pair of gates are made, the one to keep the water
out and the other in, according as occafion requires ;
in this cafe, the gates towards the fea prefent an angle
that way, and the others the contrary way ; the fpace
inclofed by thefe gates is called Chamber.

- When fluices are made in the ditches of a fortrefs to
keep up the water in fome parts, inftead of gates,
fhutters are made, fo as to {lide up and down in grooves;

L]

and when they are made to raife an inundation, <hey -

are then fhut by means of fquare timbers let down'into .

~ cullifes, 1o as to lie clofe and firm.

Particular care muft be taken in the building of a
fluice, to lay the foundation in the fecurelt manner that
is poffible ; to lay the timber grates and floors in fuch
a manner that the weather cannot penetrate through
any part, otherwife it will undermine the work, and
blow it up, as it has fometimes happened : Laftly, to
make the gates of a proper ftrength, in order to fup-

port
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port the preflure of the water, and yet to ufe no more
timber than what is neceflary.

As a general conftruction is much preferable to parti-
cular ones, we fhall follow the example of Mr. Belidor,
who is the firft that gave one for fluices; but before
this can be doré, it 1s neceffary to know its width, and
the depth of water it is to contain, and from thence the
dimenfions of the feveral parts arc determined, as will
be thewn hereafter. ) I

‘When fluices are made in a canal, or navigable river,

* their width will be known from the fize of, the vefiels

that are to pafs through them, as well as the depth of
water they require ; when they are madé in a fortrefs
to pen up the water in one part, and to keep the other
dry, their width is determined by the quantity of water
that is to pafs through them in a certain time: When
they are near the fea, or a river where there is a tide,
and they are to keep up the water at a certain heighty
their width and depth are alfo determined from the na-
ture of the fituation; and in general, the width and
depth of a fluice is always known from its fituation,
and the ufe it is intended for.

This being premifed, we fhall give a general con-
ftruction of a great fluice with two pair of gates, in
fuch a manner as to be applicable to any particular cafe,
provided a proper allowance be made for the various
circumftances that may happen, in regard to their ufe
and fituations, which may change fome of the parts,
as fhall be mentioned in its proper place.

To confiruct the PLAN of a SLuicE.

~ Plate XXVI. Suppofe half the width OC to be di-
vided into fix equal parts, or the whole into twelvej

thefe parts ferve for a fcale, whereby the dimenfions of -

the work are determined : through the point O, draw
the line A B at right angles to O C; take OB on one
fide of the point O equal to 30 of thefe parts, or, which
is the fame, equal to two widths and a quarter ; through

4 the
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the points A, B, draw the lines AR, BS at right an-
glesto A B; let the lines pafling through the point C,
and parallel to A B, meet thefe laft linesin M, Q; -
then if M N, P Q_betaken each equal to g parts, and
each of the lines MR, QS equal to fix, the linesNR
and P S will determine the wings of the fluice, and.
N P the body. If the lines AR, BS be produced fo
as the parts RV, S T are each 6 ; they will determine
the faces. ' :

The part B O of the length exceeds the other part
O A by one fourth of the width, becaufe we fuppofe.
a turning bridge is to be placed on that fide for a com-
munication from one fide of the fluice to the other;
but when there is 5.0 occafion for fuch a bridge, OB is.
made no longer than O A ; and then the total length
will be but four times and a half the width, which is
efteemed by Mr. Belidor the beflt length that can be
given to a great fluice. .

To determine the chamber and the pofition of the
gates, take OD, O L, each equal to four parts, and
draw the lines D G, L H parallel to O C; then if the
lines GK, HI be drawn fo as to make the angles
DGK, L HI, each of 35 degrees, and 16 minutes,
that pofition will be the beft that can be given, by.
art. 566 of our Elements of Matbematics; or, becaufe a
linear conftruction is preferable to that by angles, the
pofition of the lines G K, HI, is determined in the
fame manner as the line A E in fig.’7, plate the fifth,
Page 90, of this work.

The cavities 2, y, are a foot each way in large fluices,
and but g inches in'middling ones; they ferve for let-
ting down fquare timbers to form a batardeau on each
fide, in cafe the gates or floor want to be repaired.

The recefles G ¢, H 4 in the wall, are made to re-
ceive the gates when open, and are of fuch a depth
that they may be flulh with the wall, and not make
that part narrower than the reft of the fluice.

The
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The thicknefs of the wall from N to P is equal to
four fifths of the depthof water, the parts RNR, P S,
three fifths, and at V, T two fifths. The counterfort
W, is determined by producing the lines L H, D G,
and projects beyond the wall by one fourth of the width
of the fluice. .

OBSERVATIONS o7 the CONSTRUCTION.

As we differ in fome parts of our conftrution from
that given by Mr. Belider, it will not be improper to
acquaint the reader with the reafons that have induced
us to do fo. Firf}, We made the length L. D, equal to
8 parts inftead of 7, toavoid a fubdivifion of parts ; the
difference of one part being immaterial. « 2. According
to our conftruction, the length G K of the gates comes
out to be 7.34 parts nearly; and as Mr. Belidor makes
the lines D K one fifth of the width, the length of his
gates is 6.46 partsnearly; but as our conftruction gives
the moftadvantageous pofition, and that of Mr. Belidor’s
depends on no fubftantial reafons, we imagine that the -
difpofition\ here given is preferable to his: It is true,
- he has endeavoured to prove that his pofition is that
which the gates ought to have, but all his reafoning is
grounded upon wrong fuppofitions; befides, as the
length of our gates does not differ above 38 inches in
the largeft fluice that is made, from thelength he gives,
we imagine that this difference is more than recom-
penced by the true pofition. 3. Mr. Belidor makesthe
lines M R, QS, 7 parts inftead of 4, which difference
18 very little.

As to the thicknefs of the fide-walls, Mr. Belidor
makes it equal to the depth of water in the fluice, in
order, as he fays, that they may be fo ftrong as to re-
fitt in all accidents that can happen; befides, he adds
five counterforts on each fide; their length is equal to
the thicknefs of the wall, and the mean thicknefs five
éighths of their length.

It
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Itis certain, thatin conftructing fuck works as thefe,
particular. eare fhould be taken to make them ftrong,
and durable ; yet it ought to be confidered, that by
making ufe of more mafonry than is neceffary, ‘it en-
creafes the expences confiderably, and therefore all ex»
ceffes thould be avoided. ‘

Now the proper thicknefs of thefe walls may be de-
termined in the fame manner as that of thofe which -
fupport earth, by comparing the fpecific gravity of wa-
ter to that of ftone or brick ; but it mult be obferved,
that the triangular feCtion of water hasits bafe at the
bottem inftead of being above, as in the fection of
earth : by this method it will be found, that if the
thicknefs of a ftone wall be four fifths of the depth of
the water, as we have made it, it will be able to fupport
a preflure four times greater than that of the water;
which in my opinion is fufficient upon all occafions
whatfoever : but when the wall is made of brick, its
thicknefs muft be equal to the depth of water, in order
10 have the fame ftrength.

Hence it will be found, that the quantity of mafone
ry contained in a fluice, according to our conftruction,
is to the quantity, according to Mr. Belidor’s, as 542 to
723, oras 3to 4 nearly ; therefore, if one one fourth of
the mafonry can be faved, as it appears by what has
been faid, without making the walls too weak, the
method we propofe has greatly the advantage of that
given by Mr. Belidor. '

It may be obferved, that the walls have been fuppofed -
to have no flope; butin praétice they havé, or ought
to have one on the outfide, and as there is likewife the

reffure of the earth, which helps to fupport the wall ;.
Ey thefe means its refiftance is ftill greater than we have
fuppofed it to be. '

It muft alfo be obferved, that as the width of the
fluice is divided into as many parts as there are inches
in a foot; each part will be as many in inckes as the
width is feet; fo that when the width of a fluice is

8] . ' given
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given in feet, the value of each part is known; thus if the
fluice is to be 42 feet wide, each part will be 42 inches,
or 3 feet 6inches, and fo in any other cafe.

When a fluice is built in a place where a great quan-
tity of water is to pafs, two or more paffages are to be.
made ; thatis, two or more fluices are built at the fide
of each other ; thefe paflages have fometimes the fame
width, and at others not, according to the circum-
ftances that render them more ufeful one way than
another. T

Whence in a fluice that ferves to form an inundation,
or to keep up water, thefe paflages are made of an
equal widih ; but in canals and large rivers that ferve .
for navigation, the one is made fo wide as that large
veflels may go through it, and the other ferves for
fmaller veflels. This has been done in the canal at
Mardick, where the largeft is 44 feet, and of confequence
- wide enough for the fecond rate of men of war to pafs

through it, and the other is 24 feet, which ferves for
fmaller veflels. - .

0y

Of the TIMBER-GRATES under the FLoOR and
FounpATiON,

_ If the foundation be bad, we fuppofe piles to be
driven under the cioflings of the fleepers m, and the
tie-beams #, in the manner mentioned in the feventh
fection of ‘the third parr; and to prevent the water
from getting under the foundation, fix rows of dove-
tail piles are driven, viz. one at each end, one at each
of the angles N, P, marked p, and one on each fide of
the chamber ; and it muft be obferved, that, excepting
thofe at the angles E, P, the reft are all driven betweern
two fleepers, in order to keep them tight and clofe to
gether.  The fleepers and tie-beams are partly letinto
eachother, and bolted together; but before this is done,
the loofe earth is removed from between the fleepers for
about two or three feet deep, and filled up with ma-

fonry
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fonry before the tie-beams aré laid-: this mafonry. is car<
ried on fo, as that when a bed of mortar is laid over it,
it may be even with the upper furface of the fleepers ;
then the infide of the fluice is covered with a floor of
threeinch thick oaken planks, laidlong-ways, and nailed
to the fleepers ; this floor extends a few inches on each
fide over the foundation of the fide-walls, to prevent the
‘Water from. penctrating through the edges of the floor.
Bricks are ufed preferably to fmall ftones, to fill up
the parts between the grating, as lying much clofer, .
and filling up every part exactly; they are laid in ter-
rafs mortar as well as the reft of the foundation. This
being done, the frames made to fupport the gates at the
bottom, are laid in their proper places, which arecom- .
pofed of a fell », two hurters s, two braces v, and a
tong #. The fell enters about thiee feet into the fide-
walls, and the focketsto receive the pivoes of the gates
are placed init; the tongought to be o long as to crofs
three fleepers, to which it is faftened in a (trong man-
~ ner. The fell, tong, and the hurters, ought to have
the fame dimenfions, and their height muft be fuch as
to be a foot above the laft floor of the fluice, as well as .
the floor of the chamber ; for which reafon, the piles
under the chamber are left a foot higher than the reft.
After this another row of fleepers is laid exaltly
over the firft, and a row of tie-beams, fo as to anfwer
likewife thofe underneath; which being let into one
. another, and bolted together as before, and the va«
cancies between them being filled up with mafonry,
and a bed of mortar laid over it, fo as to be even
with the upper furface of the fleepers ; then a fecond
floor is laid, of the fame dimenfions and extent
with the former; and when this is done, the fide
walls are built in the manner which will be mentioned
 prefently. ~ '
Upon the fecond floor is laid another of two inch
thick planks only, which does not enter the wall, in

order that it may be repaired when it is wanted. - This
U2 latk
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laft floor may be made of yellow deal, and its feams
muft be well caulked to prevent the water from pene-~
trating through them.

The walls muft be made about three feet higher than
the greateft depth of water, to prevent the waves from
pafling over them : the facings are made with the lar-
geft ftretchers and headers that can be had, laid in ter-
rafs mortar, and crampt together; the reft of the work
is done with good common mortar.

The foundation muft be made larger than the wall,
and in proportion to the weight 1t is to fupport, and
the top muft be covered with large flat ftones or bricks
fet long-ways laid in terrafs mortar, to prevent the wa-
ter from penetrating into the maforry, which otherwife
would deftroy it in a fhort time.

When the wall is finithed, 4 bed of clay is rammed
sgainft it of two feet thick all round the outfide, be-
ginning as low as the foundation, and raifed as high as
the wall, T ' ~ ,

To prevent the water from carrying off the earth by
its fall, at theends of the fluice a falfe floor of fafcines
- 18 made of as many fathoms long as the watey in the
fluice is feet high ; this bed or falfe floor is funk inta
the ground as far as is found neceflary; but firft of all
a bed of clay is laid, and well rammed, then beds of
fafcines are laid long-ways, and faftened with pickets;
when the fafcines are nearly level with the floor of the
fluice, pickets are driven acrofs in rows three fect diftane
from each other, reaching a little above the fafci-
nes, and about each row two branches or poles are
twifted of about an inch diameter, fo as to crofs each
other between the pickets, which being beat down with:
a mallet, will keep the fafcines very clofe and tight to-
gether; the cavities between thefe rows of pickets and
branches are filled up with a pavement of hard ftones 2
footlong, fet long-ways, well beat down, fo as the cur-
fent may not tear them open. F

: - or
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For a greater fecurity; a row of dove-tail piles is
driven ateachend ; and it may be obferved, - that both,
floors muft-have a gradual defcent from the chamber
of about a '48th part of the length, in order that the
water may run off clear, when the fluice is laid dry and:
any repairs are wanted to be made. ~ C
Aquedulls are fometimes made in the fide-walls.
going round the chamber, and coming out before the
ates, in order that the water may pais upon occifion,
%rom one fide of the fluice to the other; without being
obliged to open the gates; they have a thutter nehr.
each end, thatflides in grooves, which are drawn up, or
let down, when thereis occafion for it. But as wicke-
ets are commonly made in the gates, which' may-
ferve for the fame purpofe, unleis on fome octafion
where the chamber is required to be left dry, and yetit
is abfolutely neceflary that the water fhould pafs from
one fide to- the other; we have therefore not marked
them in the plan, but they may eafily be made when-
ever it is thought proper. o
The crofs-fection fhews the'pofition of a row of piles,
and the fleepers above them into which they are tenén-..
ed ; the feétions of the tie-beams; the floor between.
them ; the fell, and the two floors above it; there is,
alfo feen a _row of dove-tail piles, broken off in the
middle, in order to fee part of the mafonry 4, a, be-,
tween the pilesand under che flgepers.  The outfide of.
the grates ate likewife feent in this fetion 3 how the.
planks are joined to the frame; the fhutters », ¥,
- and the irons both of the gate and fhutters. In the.
- conftruction of gates, particular care fhould be taken,.
to join the feveral pieces together in fuch a manner,,
that the whole frame may bie as ftrong as rFcﬁ‘xble, and,
not to make them heavier than needs mu , to pre-.
vent their finking, which is not eafily done in large.
fluices ; nor yet too weak, for fear of their not being
able to fuftain the great preflure which is againft them.

3 . ' Us The
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The principal frame of a grate confifts of two ftiles
or uprights; that which is next to the wall and to
which the pivots are fixed, is called the pivot-poft, and
the other the chamfered ftile, from being edged off o

the infide, fo as to make a plain joint “with the other-
gate: thefe two fliles are joined by two rails which are- -

tenoned into them. The other pieces, which are not
feen in this fection, but ferve to ftrengthen the gate,
confifts of feveral ralls placed not nearer to each otheg

than 24 inches, nor farther than 30; and of feveral braces -

which form the famé angle with the pivot-poft as the
Joints of the planks on the outfide, and they are tenoned

into the rails laftly, of two monions or ﬁxort upnohts-

to form the wickets. .

© Asitis toonice acalculation to ﬁnd the proper ﬁrcngth
of each piecein fuch a manner asmay be depended upon
in prac‘hcé, we fhall give their dimenfions, fuch as are.

inferted in Mr. Belidor sweorks;, and which, hefays, have-

been taken from thofe moft approved of in prachcc
The pieces of the principal trame are generally made
of ‘tlic fame dimenf(ions, though fome will have the
chamfered-flile lefs than the:pivor-polt, and the rails to
diminifh'gradually ;7 and others fay that the gates thould
Be ftronger below thanrabove, on-account that the pref-
fure of ehe water is the greateit.there;° butas the gates-
are {upported below: by -the: hurters, that diminition:
ought rathef to begin at.abous one third ot heighe
diftant #tom the bortomi However, e fhall fuppofe
the pieces of the principal frame to be of the fame di-
menfions, “which are-as follows.. In all luices from 8-
to 12 feetwide; “the pieces of - the principal:frames are’
to be 8 inches ‘thick; and 10 broad ;' the-intermediare’
rails 6 by'8 ;- thie bracés and monions 4'by 65 and the

whole covered with'two-inchi thick planks as m:ll asa l-

the gates. of fluices under 37 feet wide.
~ In fluices which® are from 13 to 18 feet wnde, thc
pxeces of the pricipal frame are to be 10 by 12 inches;
the intermediage rails 8 by, 103 the braces and monions
4 by
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4by 6. In fhiices from 19 to24 feet wide,- the pieces-

of the prmcxpa] frame are to be 12 by 14 inches ; the-
intermediate rails 10 by 12 ; the braces and monions 5
by 7. In fluices from 25 to 30 feet wide; the pieces
of the principal frame are to be 14 by 165 the inter-
mediate rails 12 by r3; the braces and menions 6 by
8. In fluices from 31 to 36 fect wide; the pieces of
the principal frame are to'be 14 by 1% mchcs ‘the in-
termediate rails 13 by 14; :the braces and nidnions 7'
by 9. 1t muft be obferved, -that when the ‘gates dre
very high, the middle railis ‘made of the fame dxmcnﬁ«
ons as thofe in the principal frame. -~ -

In all fluices from 37 to 42 feet wide, thc p:ccc't of

_ the pricipal frame are to be 16 by 18 inches ;- the inter-

mediate rails 14 by 16; -the braces and monions 7

by 9 ; and covered by planks of twoinches and a half

thick ; or rather with two rows of planks of that thick-"
nefs, in order that: the feams of the under row may be -

covered by. the upper one.’ Laﬁly, in all fluices which

are from 42 td 48 feet wxdc, the pieces of the principal’

frame are tobe 18 by 20 inches'; the intermediate rails
15 by 18 -the braces and monions 8 by 105 covered by
p]anks of two inches and a half thick as before.  ’

1t may be obferved, that thefe dimenfions depend on
tb,e width of the Nuice oaly § the depth of the water has
not been confidered, though it thould have been done ;
fince the greater that depth is, the preflure is likewife
the greater,” when the reft is the fame; confequently
the dimenfions here given muft be increafed in great
depths, and diminifhed in {mall ones.

- As to the number and ftrength of the irons in the

gates of a fluice, they ought to “be in proportion to the
largenels and weight of the frame ; ; the principal ones
ip {mall fluices are reduced to twa ﬂraps, which ferve to
bind the under and upper rails to the pivot-polt, which

" they embrace on both fides ; they are let into the wood,

fo as to be even with the furface of the gate, and fat- -

~ened with 5 or 6 iron bolts riveted with burrs, ‘or with

4; - .’mgs
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rings and Kkeys; thelength of thefe ﬁfaps ought to be
about one third of the width of the gite. Sometimes
the chamfered-flile is bound to the rails above and be-
low, with ftrait ftraps like the former, but oftener with
bent ones; fuch as are rcprcfr.nted in the fection, one on
each fide, . bolted togcther in xhc fame manner as the
former..- ..
-«When'the gates belong 0a hrgc ﬂuxce which con-
tains 4 great depih of warer, the middle rail is hikewife
‘bound ta.the pivot-poft, and the chamfered-ftile by two,
firaps in the form of a T, both within.and without,
bolted together as before; and when the gates are very
large; two firapsare ufed to faften the upper rail to the
pivot-poft,; becaufe the greateft ftrefs lies in that part ;
‘and to iecuge it ftill inore, anotherftrap is- bolted upon
the edge of the upper rail, and bent againit the pivot-
poity this laft fkrap is of grater ufc to keep the gate from
{inking than any other,: far which reafon; ir is feldom
omitted, whether the gates be fmall or large.:.”

"The various contrivances that are made to open and
fhut the gates, require fome cnotice ito be taken of
them;- bu; 3s in fo {mall a. work as this, it is not poffi-
ble to give a compleat defcription of -every particular
parts; they therefore mufk be left to the fagacity and
prudence of the builder.- 1t muft be obferved that as
the wickets are made to let the water inte the chamber
before the gates are opened, inorder to eafe them from
the great prefiure of the water on the outfide ; there
feems to be no reafon for placing them fo low, nor fo far
from the pivot poft as is commanly done; for provided
they are low enough to let in fo much water as will rife
to the fame level within as it is without, it will be fuffi-
cicnt; confequently the lower part of the wickets
fhould never be below the middle height of the water
without, whereby the weightof the irons will be dimi-
nithed. And the nearer the wickets are to the pivot-
pofts, the lefs the preffure would be upon the gates,
when the wickets are to be opened 5 befides, all poffible
. means

e+ — —
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means fhould be ufed, to lighten the farther end of the
gates, to prevent their finking, which they will do ne-
verthelefs, efpecially when they are large: this how-
ever may be remedied, by placing brafs-cafters under
them, at above two thirds of their width from the pivot-
poft ; but then a piece of timber muft be placed upon

.the foor, of a circular form, for the roller or cafter to
moveupon. ' - o
Sometimes the gates of large fluices are made in the
form of a part of a cylindric furface, whofe bafe is a
twelfth partof acircle; thisisdone in view toftrengthen
the gates againft the preflure of the water; in fuch a
cafe the curve of the rails muft be natural, and accord-
ing to the grain of the wood, otherwife the gates will
become weaker inftead of being ftronger ; fincea fcant-
- lingcutacrofsthe grain of the wood will always be weak-
- er than any other of the fame dimenfions, and the fame
kind of timber. ' , '
~ Various methods are ufed to fhut fluices under twenty
four feet wide : in fluices from ten to fifteen feet wide,
a fingle gate is made, which is fometimes opened by
means of a capftane; at others the upper rail of the
gate is made fo as to go beyond the pivot-poft, and from -
thence made much thickerand heavier, to be a kind of*
a counter-balance to the gate; the end of which being
prefled downwards by feveral people, and then turned
round, opens the gate eafily. .

‘Sometimes fingle gates are ufed of a much larger fize
than the former; thefe gateshave their pivot-poft nearly
in the middle; fo that the largeft partof it turns to-
wards the ftream when the gate is to be opened, and
the leaft the contrary way. The pivot-poft muft be
placed in fuch a manner, that the preflure of the water
againft the largeft part may keep the gate faut clofe, .
and at the fame time that there may not be too great
difficulty to open it. It has been found by experience
that when the preflure againft the largeft part exceeds'
that againft the leffer by one fixth part, itis fufficient 3

S whence
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whence it is eafily proved from the known prmcnplcs
of hydroftatics, that if the width-of the fmalleft part is
to the width of the largeft, in the proportion of 12to
13, it will anfwer the faid proportion of the preffure.

- Thefe gates are certainly the moft convenient that
can be; butas there muft belaid a ftrong timber acrofs
the.flnice to fupport the upper pivot, no vefiels that

have mafts can pafs through them ; for which reafon,

they cannot be ufed but in {luices that ferve to keep up
the water for raifing an inundation, orin thofe that are
built at the entrapce of a canal, whxch runs inte a har-
bour, for the fake of clearing and carrying away the fand
and fhingle that have been driven in by the tides.-
Wickets have been made in this manner, and found
very convenient ; becaufe the great preflure of the water
againft the common fort, makes their opening very
t.roublcfome whcrcas this fort are.opened and Ihut
with great cafe, and vcry little labour. O .
Sometimes {luicesare made in fortrefles at the fide of
ftone-bridges ; this-is done by making the picrs to pro-
je&t beyond the bridge, and in the projected part cul-

‘lifes are contrived fo as to let down fquare timbers, which

being kept clofe and tight, the water may be raifed to
any height : in fhort, many. other forts of fluices are
made upon various.occalions, which, it would be
inconvenient to mention. in this work. : :

. . Of AquepucTs.

" “The intent of aquedué’ts is gcncrally to brmg water
from a {pring or river to a town, butthey are likewife

ufed to carry canals over low ground, and over brooks -

or{mall rivers: they are built with arches like abridge,
anly not fo wide, and are covered above by an arch to;
‘prevent duft or dirt from being thrown into the water.

The ancient Romans were remarkably curious in thefe
forts of works, for they not only fupplied all the - parts
of Rame with water far ccmmon ufes, but likewife tor a
great number of public baths; and that nothing mlggé

. ———
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be wanting, created a public magiftrate, whofe only
bufinefs was to take care of them, cither to repair thofe
already made, or to conftruét new ones where they
were wanted ; fometimes the fame work ferved for both
a bridge and aqueduét; then the water was led throu h
two covered canals, one on cach fide of the road
carriages.

As thefe kinds of aqueduéts differ very little in thcxr
gonftruétion from common- bridges, -of which we have
treated before, we fhall not enter into any paticulars
here concerning thems but when -a canalis to pafs
through a country croffed by rivers, it muft be obferv-
ed how high, in refpet to the bottom of the canal, the
water rifes at the time of its greateft flood, in order to:

. know whether thefe waters can be carried under the bot-
torn of the canal by means of aquedu&s and have yera
- fufficient-declivity to-run off,

“The fame thing is to be obfcrvcd in regard to thofe
arifing from ‘the rains and the melting of the fnows,
which when led into a ditch made alon eﬁ the higheft fide
of the canal, may from thence be carried off to the other
fide undcmcath the canal: - Thefe waters fhould neverbe
carried into the canal unlefs it be. 1mpra&|cable todo
otherwife, - .

- It requires great precautxon, as well as c1rcumfpec-
tion, in determining the place of aquedués, fo as to
givethem fufficientroomwhentheyhave butone paflage,
which’is to he widened at the entrance, and at theout~
Jet ina proper manner : -if there is not afufficient depth
to conftruct one of fuch'a bignefs, as the quantity
of water thdt is to pafs requires, two or ‘more paf-
fages'muft bé made at the fide of: each other, to pre-
vent an inundation;,- that: otherwife might enfue; bat
it muft be obferved, to-make them in fuch a manner
as to- be ealily cleared from the fand and mud depolited
there by the water, for want of its havmg a {ufficiene
tclocny. : g X

: Thcreforc, .

P eI B A . e -
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Therefore, when the water-on both fides is nearly
level with that in the canal, it muft be avoided as much
as poffible, to make the aqueduét in the form of a fy-
phon, inorder to carry the waters under the bottom of
the canal ; butrather to let the water into the canal on
the higheft fide, and out on the other, by means of
fmall fluices with fhutters. ‘

- When the waters are below the bed of the canal, it
is carried over them by means of an aqueduét, in the
form of a bridge with feveral arches, through which
the water pafles ; there are many of this kind in the
famous canal of Languedoc. In this cafe, after having
determined the interval between the two abutments,
according to the quantity of waer that is te - pafs
through the arches - in the time of the gréateft flood,
and agreed on the number of arches, in refpe&t to the

. width it is convenient they fhould have, fo as not to

multiply the nuniber of piers without neceffity, for fear
of diminifhing the paffage of the water ; in fhort, after
baving taken all the neceffary preeautions, in confe-
quence of the level of the canal, to determine the
height of the arches, and their thicknefs at the key<
flone:; . then the. parts between the arches are filled with
good mafonry to make the upper part level, and a bed
of cement is laid-all over, with the fame care and man-
per as has beém explained in the fection where we bave
treated of under-ground arches, to prevent the water
of _the canal from penesrating through any part of the
arches, which otherwife would deftroy them in a thorg
time, were this pre¢aution pot ufed. e
The width of - the aqueduct- muft be fuch, that the
largeft veflel ufed may pafs conveniently ; or if the
canal is much frequented, it oughtto be fuch, shag
two-or more, veffelsmay pafsa-breaft; and at the fideg
paffages are alfo made for the horfes which draw the

veflels; , - - -
When the furface of the waters is nearly level with
the bottomi of the canal, the aquedu& muft be lower li\n,
- the
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the middle than at the ends ; in fuch a cafe, cefs pools
muft be made on each fide, of fufficient depth and
breadth, fo that the water may run in firft there, to
fettle and depofite its mud, before it pafles through the
aqueduct; but this fhould never be done when it is pof-
fible to do otherwife, by placing the aqueduét either
fomething higher up the canal, orlower down.

Befides thofe kinds of aqueduéts we have mentioned
already, there are others placed on the tops of hills,
which ferve as a refervair for water to be from thence
carried through pipes into gardens to make water-works
for pleafure: and the water is brought into them, by
means of pumps and other engines; the moft famous
one of this fort, in Europe, is that at Marly; and as i¢
is admired by all travellers that have feen it, the reader
will perhaps be pleafed with a defcription of it, which
we have made upon the {fpot, in company with fome
other gentlemen. -

The length of this famous aqueduét is 400 yards,
and fupported by 36 arches; its greateft height is 82
feet, and loweft 75 feet, {o that the flopeof the canal
18about 7 feet from the higheft partto the loweft ; the
width of the arches is 8 yards, and the height of the
higheft 52 feet, the breadth of the piers is equal to the -
width of the arches, thatis§ yards, and their thicknefs
5 yards below reduced to 7 feet above, becaufe the
building has a flope on eich fide ; the walls which in-
clofe the canal of the water are each a foot and a half
thick, and an arch goes over it; fo the canal is about 4
feet wide, and about the fame height in the middle.

This aquedu is 500 French feet above the furface
of the river Seine, and at 1220 yards diftance from it:
as this height is too great for a fingle fet of pumps to
force the water up at once, let them be ever fo ftrong ;
it has therefore been divided nearly into three equal
parts: the firft ferof pumps raifes the water to a height
of 150 feet, the next fet, which is 300 yards diftant
from the river, raifes it 175 feet, the third fer, which

‘ is
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is 648 yards from the river, raifes the water up to the
aquedud, thatis 195 feet more.

From this aqucduét, two pipes of 18 ifiches diametef
Jead the water into a bafon at Marly, and fromthence it
goes to the feveral fountains in the garden ; there is like-
wife another pipe of 8 inches diameter that leads the wa-
ter from the aqueduét to Ver/aslles.

There are 253 pumps employed to faqrce the water
up to the aquedud®, and from the laft fet it is carried up

- by 6 pipes, each being 8inchesin diameter thequan-

tity of water raifed formerly in a day was 779 cubic fa-
thoms, but at prefent, it raifes fcarcely above half that
quantity ; which may be owing to fome decay in the
‘machine, or negle¢t in its repair. , ,

Notwithftanding the woundetful contrivances of the
author (one Ranequin of the country near Liege) in the
difpofition of the feveral parts of this machine, yet many
pretended judges find fault with it; thoughnone of them
are capable to invent a new one that can be compared to
this; but itis cuftomary amongft the prefent virtuofi, to
find fault with the performances of their mafters;, and
think themfelves better fkilled than thofe they can bare-
ly imitate. o : ,

But among(t the critics of this wounderful machine, I
except Mr. Belidor, who has really thewn fome defeéts
in the bodies of the pumps, and at the fame time, how
they might be amended : and as he has given a full def-
cription of it, together with proper plans and fections,
we refer the reader to his works for a full account of this
-machine, which we have only mentioned, as being part-
ly connetted with the aqueduét, thedefcription of which
alone we propofed to give here. _
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