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an exterior slepe in front, and a counterslope in rear; and
that the stability of such a profile would be in some inter-
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mean thickness - - = - = Notetopage
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to time, betwecn a state of dryness and humidity - -
Illustrative rcmarks - - T
Rure IX. 'Fhat inrevetinents, intended to retain soil of any tena~
city, those parts of the masonry, whichare to come in dbatact
with the supported earth, should be built rough or irregularly,
with the stones or bricks oceasionally projecting a little -
IMustrative remarks - - - - - -« - -
Rece X. ‘That it is in all cases advantageous, but in unfavoura~
ble s0il absolutely neccssary, to lay out the foundations of
revetments according to an inclined plane, a hittle deeper

inrcar than in front - - - - - - . -
Illustrative remarks - - - - - - - -
Rure X1 That the eaterior joints of the masonry of military
revetments should always be horizontal - - - -
Tlustrative remarks - - - - - - - - -

Practical observations on the superior durability of perpendicular
walls and towers of considerable antiquity, when compared
with modern sloping revetments, apparently built with
materials of the same quality - - - - Noteto

That, in the retaiming walls of wharfs. harbours, or wet docks, which
are often under water for a considerable part of ther
height, the form of the exterior surface of the masonry, and
the dircction ot the joints, 1s of less importance than in
common revetments - - - Same uote continued

Ruee XII. ‘That when a revetment is bached with solid rock, for
about one fourth or onc third of its height, and from thence
upwards with loosc carth, the lower part of the masonry
must be united to the rock, by short counterforts and pro-
Jections ; which being done, its thichness may be diminished
to much less than the usual dimensions, allotted to profiles
of that height: but that, us far as regards the remainder of
the revetment, it must have the same mean thickness, and
counterforts of the same proportions, as if there were no
rock behind any part of it, care being taken, not by any
means to make the upper part of the masonry weaker, but
on the contrary rather stronger, on account of the rock -

Iilustrative remarks, supported by additional experiments, proving
the propriety of the above rule S Y )

Page

621
ib.

622
ib.

ib.
ib.

ib.

ib.

624

624

ib.



xan CONTENTS.

The same confirmed by a circumstance that occurred in the execu-
tion of the new Dock works at Plymouth - - Noteto
TasLe A. Dimensions proper (al various given heights) for full
scarp revetments without berms, and for demirevetments,
and partial scarp revetments, having berms, equal in width
to one fourth of the height of masonry - - - -
TasLe B. Dimensions proper (at vanous given heights) for demi-
revetments, and partial scarp revetiments without berms -
TasLe C, Dimensions proper (at vanous given heights) for coun-
terscarp revetinents, gorge revetments, or others, intended

to retain simple terrepleins without parapets - - -
Remarks on the above tables T
Mode of calculating the number of bricks necessary for executing
apy given quantity of 1evetment, &e. - - Mte to

Cuar. XXVIL

627

628

629

630

631

h.

THE SAME SUBJECT CONTINULED. —IN WHAT MANNMNER

THE PRESSURE OF BARTH TPON REVETMENTS

VAY

BE DIMINISHED, BY BRLAKING ITS CONTINUITY. —
OF COUNTERARCHED REVLETMENTS, CONCAVE REVET-
MENTS, AND CURVED LEANING RENETMENTS. — THAT
THIL SMALL INTERIOR REVETMENTS O' PARAPLTS

MAY SOMETIMES BE DISPENSED WITIL
That the nature of the action of the pressure of loose earth upon
revetments, has hitherto heen generally misunderstood, and
almost always greatly overiated - - - - -
Remarks upon a book, recently published by Mr. Mayuiel, a Colonel
of French Engineers, upon the subject of revetinents, and
on the various theories therein detailed, particularly that of
Mr. Tersac de Montlong, another Freneh Engineer officer,
dated 1774 - N Note to
OF the various precautions that have been recommended, with a
view to diminish the pressure of loose earth, by breaking its

continuity - - - - - - - .
Experiments proving the practicability of this principle - -
That brushwood may be used for the purpose of cousolidating the

terrepleins of reveted works - - - - - -
That the above expedient, on account of the perishable nature of

632

ib.

633
638

640



CONTENTS.

the maierial, is more applicable to tcmporary than to per-
manent worhs - - - - - - = - .
Remarks ou the mode of constructing the batterics, in besieging
the Castle of Santa Maura, in 1810 - - - Noteto
That the continuity of loose carth may be broken, and its pressare
diminished, and consequently, that there may be a saving of
expense, under certain circiminstances, by the usc of coune

terarched revetments - - - e e et .
T'he above construction illustrated by practical examples, applied
to revetments of different given heighis - - - -

Simple revetments, as opposed to counterarched revetments, &c.
defined - - - - - - - - - -

The nature of concave revetments explained, and illustrated by
figmes - - - - - - - - - -

‘Lbat the above constinetion isnot to V¢ recummended for military
woirks - - - - - - - - - -

"The nature of curved leaming revetments explained, and illustrated
by the example of the W est-India Docks, and of other wharf

walls of the above deseription, excceuted by Civil Engineers

i this comry - - - - - - - - -

‘T'hat the curved leamng revetment appears, as a profile, to be ob-
Jjecuonable ; and why - - - - - - -
Thata scumple nght-lined leamng profile, may, in all cases, be cen-
sidered preferable to a curve, unless the whartf, or other

wall, about to be built, should happen to be ¢ xpmcd to the

beat of the sea - - - - - - - - -
Remarhs on the curve given to the Edystone Light-house, aud on
the profile of the sea wall, at Ardrossan, in Ayrshire, Note to

That the countersloping profile, although recommended by some
recent wiiters, has not yet been used in militury works of

any maguitude - - - - - - - - -
Examples of a countersioping revetment actually exccuted,
namely, the ncew gunw harf wall at Portsmouth, and the sea

wall at Liverpool. Dimcnsionsof the latter work stated -

Note to

Thut the leaning revetment, being more substantial at top, las a
greater power of resisting an enemy’s batteiies, than either

the sloping or countersloping revetment - - - -

Tho mode of breaching the revetments of a fortress, by battering
cannon, explained - - - - - - - -

Page
641

ib.

ib.
642
644
655

656

657

659

660

ib.

661

ib.

ib.



XNV CONTENTS.

That it would be very ill judged, if, with a view to resist cannon

' shot: more efficctually, any Engineer, in planning a fortress,

. yore 40 inorease the general thickness of masonry, beyond

+, that dwe proportion which is sufficient for resisting the
pressare of carth, and insuring the durability of the work

Note to

That the lexning revetment has been recommended by Speckle,

anid other writers; and that it is supposed to have been

adopted by Cochorn - - - - Second note to

The leaning profiles recconmended by Licutenant Charles Bisset,

in Ms Treatise on Fortification, exphined

' Same note continued

The peculiar feaning scarp revetment of Sedan described - -

That small leaning brnick revetinents have often been used, in

reveting the interior slopes of parapets and of covered ways

The small interior and exterior parapet revetments, of Fort Cum-

berland, near Portsmouth, described - - - -
8od revetments described - - - - - - - -
Of the proper mode of cutting sods, de.—Ohjections to the use of
sod revetments in military works - - Necond note to

That, particularly in large fortresses, it is best to leave the interior
slopes of the parapets unreveted, at least in those parts
where there are no embrasures - - - - - -

That, in this case, the beight of the parapet should be somewhat
diminished, and that the base of its interior slope should be
made equal to its height ;—also, that the banquette should
be rather narrower than asd - - - - - -

That a similar profile may be adopted in the covered way - -

That it may also, wnder certain circumstances, be suitable for the
parapets of field morks - - - - Note to page

Remarks upon the very defective nature of the profile, recom-
mended by certain French Engineers, for the interior of the
parapets of fortified places - - 'Same note continued

Profile, mggested' for thc same parpose, by Capt. W. Reid, of the
Reyal Eogineers,—That this profile, although not conve-

%" 4 nient for general use, may be applied to the salient places
of arms of the covered way of a fortress, Same sote continued

The best mode of forming & practicable ascent to the top ofa

1 “n  pagapet, stated - = - - Same note eontinuod

Page

662

ib.

663

ib.

664

ib.

ih.

666

ib.

ib.

ib.

669



CONTENTS. —

Cuar. XXVIL o -

THE SAME SUBJECT CONTINUED. — OF THE MODES OF
SECURING UNFAVOURABLE FOUNDATIONS, BY MEANS
OF PILES, &c. —REMARKS ON THE THEORY OF ARCHES.

W Pege

Preliminary remarks - - - - - - - - 669

That the best expedient for securing foundations in unfavourable

soil, is by driving piles, upon which are laid a platform of

sleepers and planks, for supporting the masonry - - 670
That, before the foundations of any great work are commenced,
the nature of the so0il beneath must be carefully examined,

or svunded, by probing with an earth borer, &c.  Note to ib.

The nature and use of pile engines explained - - - = 6n
Gencral rules for determmning the dimensious of piles, and the
proper power ol the pile engines that ought to be used in
driving them, n proportion to the nature of the intended

work - - - - - - - - - - ib.

Ringing pile engwes defined - - Note to 672 continued 673
That revetmenuts have been known to slide forwards, in conse-
quence of the pressure of carth 1n rear of them, when built

on bad foundations - - - - - - - 674
That such accidents may be prevented, by using either sheeting
piles, or hurters, in front of the masonry, and by laying out

the foundations according to an inclined plane - - ib.
Also, that a part of the supporting piles of sueb foundations should

be driven obliquely - - - - - - - 675

The usc and nature ol coflerdams for fonndations explained - ib.
That cofferdam pules are called whole, or balf piles, according to
their scantling. That they are sometimes plowed and
tongued, in which case the lige of piling, formed by them,

- is said to be dovetailed - - .- . - - . 676

The use of the ribbands, transverse timbers, and bolts, employed

in strengthening a coflerdam, explained - - - - ib.
That the body of a coflerdam may somctimes be composed of -~
bricks, instcad of using clay, according to the mare -
common method - - - - - - - - 677
The mode of commencing a cofferdam explained - ' Nete to ib.
That the joints of the woodwork of a brick cofferdam must be
caulked - - - - - - - < <« < 678



Xxv) CONTENTS.

The natare of the cofferdams used in bumlding the picr walls of the
new bason, nmow formiug in I Mujesty’s Dockyard at
Sheerness, described - - - = - Noteto

The concave revetment, adopted by Mr. Rennie, for the profiles
of the same work, also desciibed, - Same note continued

Description of the coficrdams formed preparatary (o bwlding the
second afane pier of the 1ron biidge, proposcd to be thrown
over the river Thames at Southwark,  Same note continued

That when the depth of water dues not exceed tweaty feet, or
thereabouts, and the line of work to be executed 1s not
exposed to the direct activn ol tides or currents, a serviee-
able coflferdam may be furmed of one continued hne of
piles only, without using clay, bricks, or any other heavy

material, in aid of the woodwork - - - - -
That such cofferdams must always be tongued and plowed, and
that the joints must be carclully caulked - - -

That, ia executing any long hine of revetment, cofierdamns, when
used, must always be formed 1 successive portions, of
moderate length. This rule exemplified, by a deseription
of the mode adopted, in executing those ol the whaif-wall
of the Royal Ordnance Arsenal, at Waoolwich - Note to

That the pumps used for clearing out the water from coflerdams,
are always worked in this country by steam cngines -

The best mode of communicating power from a steam engine to
pumps at some dustance frum it, explained. The power of
the stcam engines, used 1 several great works in tus coun-

try, stated - - - - - - - Note to
The nature and use of caissons cxplained - - - - -
That caissons arc not suitable for military ievetments, or other
long coutinued lines of masunry - - - - -

That thosc used in executing the fuundations of the piers of West-
minster and Blackfriar's bridges, &c. were not of the most
advantagcous form, that imght bave been adopted, Note to

Under what circumstances masoury is said to be built by tide work

That the diving bell has been used 1o advantage, for preparing the
foundations of wharf revetments - - - - -

Description of the profile of the new wharf-wall of the Royal Ord-
nance Arsenal, at Weolwich - < - -

- M

Poge

678

679

682

679

043

ib.

603

ib.
685

ib.

ib.

ib.

686

ib.



CONTENTS.

Description of the wharf walls, built by direction of Mr. Telford,
in the harbours of Aberdecn and Dundee - Noteto
The nature and ase of fender piles explained - - Same note
That in certain soil, piles may be dispensed with, and yet that a
wooden grating, or platform, may be nccessary for the foun-
dations of works - = = e = - e =
That, for revetments properly so styled, the above expedient is
not to be recommended, although, under similar circum-
stances, it might with propricty be adopted for the founda-
trons of any substantial building, such as a tower, not acted
upon by a partial pressure of loose earth - - -«
That when towers, &c. are founded on a grating or platform with-
out piles, the center of the tower, and the center of gravity
ot the masonry, should be made to correspond as nearly as
possible - - - - - - - - - -
That the expedient of a grating or platform without piles, is gene-
rally of a precarious nature, and should not be trusted to,

without great caution - - - - - - -
Remaiks on the mode of preparing the foundations of the towers
hutlt on the coast of Lingland - - - Note to

That, in untavourable svil, the spaces hetween the counterforts of
simple 1evetments should be connected by inverted arches,
forming a continued foundation of solid masonry - -

Remaihs ou the foundations of docks for the repair of single ships,
of the locks of canals, and of other small basons, from
whence waler is to be excluded at times by floodgates

Note to

That such foundations are liable to accidents, owing to the action

of the external water, unless executed with peculiar care
Same note

The mode of puddling the banks and bottoms of canals, ponds, &e.
in order to render them water-tight, explained, Same note

That, where failures in revetments bave happened, the immediate
and apparent cause has usually been a violent rain-storm,
or series of continned bad weather, and that it is therefore
of importance to secure works of fortification against such
accidents, by a judicious system of wefl-constructed drains,

&, -« =« - < e - e - e e .

689

ib,

690

691

ib.

ib.

692

693



xRVl CONTENTS.

That vegetation. is usefol towards the preservation of earthen
works, in moist climates - - - - - - -
The tenpeity which carth is capable of preserving, when it can
. be guarded. aguinst the efects of weather, proved by the
custom, which prevails at Gibraltai, of building the walls

of bouses, of rammed carthor tapia - - -  Noteto
That rammed earth has also been used to advantage, by the natives
of India, in then fortifications - - Same note continued

That a diminution of the number of joints, 1n the honzountal or
sloping parts, tends to prevent the externwor surface of
’ wmasonr) from decaving - - - - - - -
That copings of large stuncs, laid in a better cement than comnmon
mortar, are, therefore, to be recommended for the tops of
brick revetments - - - - - - - -
That, when stone cordons or copings are consideied too expensive,
1 foot of sodwork over the summat ol & wall, 1> a good pre-

servalive agaiust frost - - - - - .
General remarks on the theonies of arches that have been pubhished
at various tmes T

That they are by no means convincing or conclusive, having been
founded upon by pothesis rather thau on experiment - -
Erroneous nature of a peculiar theory of arches, first promulgated
by Emerson, m which the arch stones are cousidered ay
perfectly polished bodies withoat friction - - - -
Experiments, tnied at Malta, proving the very great friction of
the kind of stone comtnunly used in building, in oppusition

to the above theory - - - - - - . .
Practical proofs of the vast additional strength which archbes, &c.
may derive from the cobesion of mortar - - Note to

Remarks on the common modes of strengthemng masonry, under
certain circumstances, by iron cramps connccting the ad-
joining stones, and by joggles of hard stone or metal, let
into, and breaking the continuity of the juints - -

Note to 697 continued

Ingenious expedients used for consolidating the various parts of
the Edystone light-hvuse, and for uniting it to the rock
upon which it is founded - - Same note continued

Remarks on a peculiarity in the construction of Blackfriar’s bridge

Same note continned

Page

693

1b.

694

ib.

695

ib.

696

698



CONTENTS.

That the experience of the vast variety of arches, on a great seale,
that bhave actuallv been executed with success, in every
civilized country, affords the surest rules for jadging of the
proportions, which may safely be uloptod in pncﬁoe, in

constructing new ones - - - - e * .
That an arch of equilibration is not to be rccummcnded,‘ either for
civil or military purposes - - - - - . .

That no one kind of arch ought to be unconditionally preferréd to
all others, but that in one case one form, in another, ano-
ther may be chosen, as the mast suitable, according to efr-
cumstances - - - - - - - - -

That progeets of works of fortifications, in this country, are either
drawn up, or decvded by, a Commitiee of Senior Officers of
the Corps of Royal Engineers, acting under an Inspector

General - - - - - - - Noteto page
Reasons given for stating the dimensians of various works in detail,
in the course of the book - - Same note continued

The profile of the scarp and counterscarp revetments of the new
Dock works at Plymouth. described - Same note continucd

XX

Poge

700

701

702

700

ib.






N
-
‘-

UL

LIBRARY
COURSE M

OF

ELEMENTARY FORTITFICATION,
§c.

CIIAP. XVIIL.

O]" FAUSSEBRAY'S, CAVALIERS, ORILLONS, AND RETIRED
FLANKRS.—CONCAVE AND DOUBLE FLANKS ALSO EX-
PLAINED. —OF THE IOWER BASTION SYSTEM OF FOR-
TIFICATION : — AND OF RETRENCHMENTS.

IN the concluding parts of the preceding volume, some of the
most uscful general principles, which ought to be kept in view, in
constructing a bastionary fiont of fortification, were explained.
Many points, however, of considerable importance, have still been
left undiscussed, such as the most suitable form, breadth, and
depth, of the various ditches, the width of the covered way, &c. &c.
But upon the whole, it is much best for the learner, not to attempt
to cuter too deeply into the principles of defensive fortification,
until he has previously made himself thoroughly acquainted with
the most approved system and means of attack. In continuing
to treat of the former subjcct, I shall therefore confine myself to a
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M M of the general nature of such works and out-

.works, as bave not yet been defined, without pretending to reason
st Jargospon their advantages or defects.

H 1‘{ .

h pvincipal variations, which have taken place, at different
timedyin the construction of the main inclosure of a regular for-
tress, shall now be noticed.

In the more early periods of modern forufication, it was custo-
mary to form the whole of the body of the place with double ram-
parts and parapets, which were not separated from each other by
an intervening ditch, their 1elief bewmg so regulated, that the
interior line of works could fire over the other, as is icpresented
in the annexed section.

When this construction was used, the lower and more advanced
rampart of the two was called A FAUsSEBRAY, the terreplein
of which was usually placed on the natural level of the original
ground.

The outline of the main
inclosure, of a place so
fortified, must of course
be represented by a double
line, in the following man-
ner.
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The objections to a faussebray aie as follows, After an
enemy’s first batteries are opened, the men posted in it are liable
to be destioved, not only by enfilading shot and shells, but also by
the rubbish and sphnters of the interior revetinent which is imme-
diatcly behind them ; and which, when cffectually breached, may
bury the whole or the greater part of the terreplein of the fausse-
bray under its 1uins.  Owing to the small relief of this work,
which has no command over the glacis, it is also incapable of
impeding a besicging army by us fire, in their more distant opera-
tions, nor can it even see them, until they are cstablished near the
crest of that work, on the biink of the covered way. Moreover
experience has shown, and the same will indeed appear evident
on a very little reflection, that, in case of an attack by assault or
otherwise, one high reveted scarp is much preferable to two low
oues. For these reasons, the use of a continued faussebray was

gradually abandoned.

Sull 1t was considered of importance, that some parts of the
main inclosure should be able to oppose the enemy’s progress
by a double line of fire, and therefore cavaliers, double flanks,
aud tenails, were gencrally adopted in preference.

A cavALILR denotes any work constracted within another, and
raised to such a height above it, as to be able to fie conveniently
over it.

Cavaliers are seldom or never erected behind curtains, but it is
very common to place them in bastions, and more especially in
full bastions.

To explain the nature of these
works, we shall first draw part
of the outline of a regular for-
tress, consisting of two hastions
and a curtain.

YoL. 1.
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The cavalier is usually coustructed of the same form as the
bastion itself, having two faces and two flauks, parallel to those of
the bastion.

Draw two cavaliers, accord-
iogly, one in each bastion of / /\_ ///x
your figure, and complete the \'/
form of them, by inclosing them
at the gorge.

Sometimes a cavalier is merely raised above the level of the
terteplein of a full bastion, without any mtermediate ditch iu frout
of it.

To that case, the scction of the work, if reveted, will resemble
that of the interior rampart and fausschiay of the former system;
so much so, that the first figuic of this chapter, may scrve equally
well to represent a section through the face or flank of a bastion
constructed with a cavalier of the above descuption.  Awd
indeed, the interior line of a place fortified with a faussebray may
be considered as a kind of continued cavalier.

There is however a great difference in the relief of the two
sections, that of the cavalier bastion being the boldest, so much
so, that both the upper and lower parapets of this systemn have a
considerable command above the glacis aud surrounding country,
whilst the parapet of the faussebray has no effectual command
whatever over either of them, as was before explained.

Sometimes a cavalier has a ditch in front of it, and then it may
serve not only to fire over the bastion, but also as a retrenchment
for that work.

Here it is proper to remaik, that the term RETRENCHMENT
implies any interior work, which is constructed within or in rear’
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of another, for the purpose of strengthening it; and A work,
which is so stiengthened, 1s SA1D To BE RETRENCHED.

The term INTRENCUMENT, on the contrary, implies an inde-
pendent work, constiucted in the open field, without a reference to
the support of any other adjoining work, immediately in front of it,
to which it can be considered subscrvient.

1aving made these necessary definitions, we shall proceed with
our subject.

When a cavalier is used as a retrenchment for the purpose of
stoppig an enemy’s progiess, m case he should effect a practi-
cuble bieach near the pomt of the bastion ; in addition to its own
ditch, which v essentially nececsary, theie must also be two other
ditches connected with it, which being cut right across the terre-
plem of the bastuon on each side of the cavalier, serve to interrupt
the commumcation, 8o as to prevent the besiegers, after storming
the breach, from being able to penetrate any further.

These ditches, as well as that of the cavalier, have usually reveted
scatps and counterscarps; and their scarp is surmounted by a
proper parapet, which may serve either for cannon or musquetry,
aud which is usually of the same height nearly, as that of the body
of the place.

The works, thus constructed, on each side of a cavalier, arecalled
cvTs, and it is to be observed that the same term is always used
m speahing of any very short line of work, formed for a similar
purpose.

To exemplity this kind of

obstacle, in your present figure, //\\h o
you will draw right lines from /\/‘\ a—

the shoulders of your cavaliers

to the faces of the opposite bastions, in a direction perpendicular
to the latter, or nearly so.

7 9
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These last drawn lines will 1epresent the scarp lines of cuts,
which may be formed in support of your cavaliers. It is to be
observed, however, that the parapet or scarp hue of a cut is not
always laid out in one continued 1ight hne.  Sometimes it may
be constructed with one half of it moie retied than the other : the
two portions of it, when thas tormed, bemg nearly parallel, and
Joined by a right hue, called v retreaT, which may be made
perpendicular to them, o1 ueatly so.

. Alter the cuts in your left ~ -
; your ! ;o 7N\
bastion accordngly, foruing / A Lo

! % e e e
them in two portions connected [ ~
by retreats, in the manner which ~

has just been esplained, and let that part of each, which adjos te
the cavalier, be the most retired.

This being doue, complite . -
—~ ,"\' .
your figure by drawmg the 7aSh Ve
o0 TR ) ° o/ Nt [Ty
ditches, observing, however, that I ~dJ
. . ¢
po ditch is necessary, and con- i

sequently none must be represented, in those paits of each cava-
lier, which are in rear of the cuts.

Cavaliers serving also as retrenchments, such as those shown in
our present figure, are called DEFENSIBLE CAVALIERS, in order
to distinguish them from the coMMON CAVALIERS, before
described, which have no ditches in front of them, and are not
supported by cuts.

In large bastions, the distance between the scarp line of the
faces of a defensible cavalier, and the interior crest of the parapet
of the faces of the bastion, in which it is constructed, should not
be much less than about 20 yards; otherwise it would not allow
sufficient space for the terreplein of the bastion aud ditch of the
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cavalier, neither of which should be less than 10 yards wide, if pos-
sible : nor should the above distance exceed 26 yards, because in
that case, the cavalier could not have a proper command over the
glacis, unless 1t were raised to a very incomenient height.*

It was before stated, that the terreplein of the bastions is entirely
cut through by the ditches of the cuts adjoining to the cavalier.
Thesc ditches are therefore covered in flank by the scarp revet-
ment only, which may there be formed with a 1idge at top, hke
that of a batmdeau, m order to prevent an enemy fiom penctiating

over 1t

* In a fortress. having profiles of so bold a relief e« those explained in
Chapter V1, and @late 2, of tins work, 11 cavaliers were coustructed
within the basuons at the distauce ot Qo virds, ot would be necessary to
give the parapet of cach cavaber a command of at least 14 feet 6 inches,
over that of the bady of the place : etherwise it would not be able to fire
upon the foot ot the glacis, without incommoding the detenders of the bas-
tion m front of ite Now as the bastion atself, according to the abuve
profi.es, has a command of 25 feet 0 mehes over the country, the total
height of our supposed defensible cavalier would be no less than 40 feet
above the ground hue; and of comse, by increasing the distanee, the relief
of the cavalier would also requure to be mercased i propotiion, wm wrder to
produce an cqually plunging fire.

If, however, the obyeet of having a combined fire, fiom the cavalier and
bastion, upon the glacis, should be given up, and the former is supposed to
act against the enemy’s more distant works only, then a less commanding
profile will answer the purpose.  In Cormontaigne’s profiles fin example,
he gives his defensible cavalier a command ot 8 feet 6 inches only over the
bastion, at the distance of ahout 40 yards. (See Fucres Posthuses de
Cormontmgne, Vol. 1.)

Itis to be remarked, that a very commanding cavalier offers the sreatest
obstacle to an enemy’s operations m general ; but as aretecachmient it is
less serviceable than a lower one, after the enemy have established them-
selves in the bastion in (tont of 1t; because the musqueny fire of & ligh
cavalier cannot well be brought to bear upon the whole terreplein of the
bastion, without increasing the dip of the patapet, and consequently
weakening the cieat of at, to aw inconvenient degice.



342 ELEMENTARY FORTIFICATION. cuar. xvilL.

In a defensible cavalier, the top of the masonry should not be
raised higher than the interior crest of the parapet of the bastion,
by which it.is covered. With respect to a common cavalier, it is
much best that it should not be reveted at all, in the manner
represented in the first figure of this chapter. Tn such a work, it
not being intended as a retrenchment, masonry wauld only be a
useless expense ; and might even by its splinters be prejudicial to
the defenders of the bastion, unless removed to a considerable
distance in rear of the faces of that work, which removal would
add to the expense in another point of view, by rendering a bolder
relief nccessary, in order to produce an equally plungmg fire.
Unreveted cavalieis, on the contrary, may be placed much nearer
to the faces without inconvemence. A fiee space of 12 or 13 vards
for instance, lett as a terreplein, between the foot of the scarp of
the cavalier, and the parapet of the bastion, will be quite suflicient,

It may perhaps appear scarcely necessary 1o mention, that every
cavalier must have ramps o1 stancases towards is vorge m
addition to which a defensible cavalier must also have a proper
communication with the bastion in front o st, by means of sally-
ports leading into its own ditch, and slaircasu or 1amps to ascend
from theuce upon the terreplem.  These are mdispensible in all
retrenchments, or works formed with ditches; and in all other
obstacles used in fortification, such as palisades, &c. which have no
ditches ; barriers, or other gates, for the purposes of communication,
are no less uecessary. This being explained, it will be understood,
that in treating of the various works, which may come under ow
consideration hereafter, such communications, although they may
not be spccifically mentioned, are always implicd.

Double flanks, which I shall next proceed to explain, have
seldum been used, except when the main inclosure of a fortress
has been formed with what are called orillon<. The rules for this
construction aie as follows.
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Draw first a front of fortification in

the usual manner, aud upon each flank -
mark a point at the distauce of about
one third of its length, measwing fiom

the shoulder, backwards.*
Dot the 1emaining part of each
flank, namely that which 1» compre- \ /
hended between the said pomnt and - H
the cartum.
From the sahient angle of each demi-
bastion, diaw a line ntersecting the w
opposite flank, and passing through the ) /
powt which was before markhed upon it.

Produce also the lmes of defence
of your frout of forufication, outwards, ,
bevond the extremities of the curtain. ; {

Puiallel to each of your original flanks, and in rear of them, at
the distance of about one sixth pait of their length, which in real
practice may be 9 or 10 yards, draw lmes bounded by the last
drawn oblique hnes.

This bemg done, rub out all those
lines of your figure, which fall without

the original front of fortification.
The parallel lines, last drawn, will represent what are called
retired flanks.
Rub out the dotted lines, and other
parts of your present figure, which
will become superfluous after the re-

tired flanks are drawan.

* This is Vauban's rule according to St. Paul (See that author’s Tvaité
Complet de Fortification). Others recommend setting off about 14 yards,
or one fourth of the length of each fank only.
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A front of fortification, whose flanks are not constructed in one
continued right line, but with a retreat, in the manner now repre-
sented, is said to be formed with ORILLONS AND RETIRED
FLANKS. The latter having just been explained, it is only neces-
sary to observe, that the projecting part near the shoulder of cach
bastion, constitutes what 1s called an orillon.

In this construction you will also obscrve, that there are BREAKS
IN THE CURTAIN, near each extremity of it.

Orillons were not often made augular like those of our present
figure. They were more usually curved,
To exemplify this construction : upon
the small remaining part of cach of your N -

original flanks, as a chord, describe an § {

arc outwards.*

Rub out the choids of these ares,  ~~ -
and the repiesentation of the orillons D
their proper cuived form will remam.

Add to your figure, by con-

C
J
T~
verting your two demibastions / ™y / \
into whole bastions of the 1 ] -
i

same construction.

Retired flanks are sometimes made in the form of arcs of a
circle; and then they are called concave flanks; the common
mode of constructing which is as follows.

®* Vauban's method of describing these arcs is said to have been as
follows. He bisected cach small portion of his original flank by a perpen-
dicular, which he produced inwards towards the capital of the same bas-
tion. Then from the outward extremity of the retired flank, he drew an
oblique line to the adjoining angle of the shoulder of the original outline,
intersecting the above perpendicular. The point of intersection, thus
found, was used as a ceater for drawing the curve.
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Upon each of your present A

retired flanks, as a base, de- ™~
scribe an equilateral triangle <, w
outwards. ~
From the vertex of each
of these triangles, as a center,
with a radius equal to one
side, describe arcs standing 2 \ o D

upon your tetired flanks, as
chords.

These arcs will represent
your retired flanks in their
new form. You will there-
fore rub out the equilateral
triangles entirely; and the figure of two bastions with orillons and
CONCAVE FLANKs will be complete.

That part of an orillon, which faces towards the curtain, is
called THE REVERSE Of THE ORILLON, and is usually con-
structed without any parapet.

The reverse of each orillon being directed upon the point of the
adjoining bastion, it follows that no part of this line can be seen
by a person, standing any where in front of the said point, as for
instauce in the covered way or on the crest of the glacis. But it is
there, that an enemy must necessarily establish his principal bat-
tefies towards the close of a siege, partly to effect a breach in the
faces of the bastions, near the salient angle, and partly for the
purpose of silencing the fire of the flanks. Now from what has
Just been said, it will readily be understood that none of these
batteries can sce into the reverse of an orillon. Consequently in
bastions so constructed, one gun may be placed at the outward
extremity of each retired flank, which may be so completely
covered by the orillon, as not to be injured by the direct fire of
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any of the besiegers’ batteries, and which yet will itself be capable
of seeing into and defending the breach. Such was the reason,
which caused the very general adoption of orillons and retired flanks,
m the more early periods of modern fortification.

In process of time, however, after the use of shells, and of
enfilading gun batteries, became more common, it was found that
the orillons could no longer protect their retired guns, with any
degree of certaiuty ; and therefore this expensive construction was
abandoned, in favour of the common right-lined flank, which may
be built with about one third less masonry.

Having made this remark, we shall next proceed to explain the
nature of double flanks.
Produce the reverse of each O~

y N
/ “ .

of your orillons and the breaks - ( N
of your curtains, towards the Con ‘\\5,— —\Z’ ro
adjomning capitals of the bas- o~ b
tions, and connect these produced lines by a second set of arcs,
drawn paralle] to your concave flanks.

The last described arcs represent the SECOND FLANKS of a
fortress constructed with double flanks. These are of course
made the highest of the two, and are usually of the same height
nearly as the faces of the bastion or orillon, whereas the parapet of
the lower flanks in this construction is seldom or never made higher
than the crest of the glacis. Consequently a section through a
double flank exactly corresponds, in every respect, with the section
of the faussebray system ; and the same objections, before urged
in treating of that system, apply to a reveted second flank, if
placed too near to the parapet of the lower flank.

In fortresses constructed with orillons, the reverse of these
works is often chosen as a good position for sallyports leading



ROUNDWAYS. 347

cither from the interior of the bastions into the main ditch, or into
the tenceplein of the lower flanks.

Sometimes bastions have been constructed with double flanks,
although having either no orillons at all, or very small ones; and
in this case the upper flank has sometimes been continued so as to
meet the face of the bastion, instead of terminating at some dis-
tauce from it, in the manner represented in our present figure :
and when this construction has been followed, that portion of each
face, towards the shoulder of the bastion, which is intercepted
by the upper flanks, has generally been made rather lower than
the remainder of it*

In such of the more carlv modern fortresses, as were not con-
structed with faussebrays, 1t was usual to leave a berm of from 5
to 10 fvet broad, at the hottom of an unreveted parapet; which
berm, being used as a path by the ofticers on guard in going their
rounds, was called THL ROUNDWAY.

The 1oundway had a thin brick wall on the outside of it, gene-
rally not more than three or four feet high, being chiefly intended
for the purpose of preventing accidents.  Sometimes, however, it
was made stronger and higher than usual, and pierced with loop-
holes for the use of musquetry. The scction of a rampart, sv
constructed, is as follows.

,//‘—— T
7 \
J——

* This construction has been adopted by Coehorn, one of the most cele-
brated engincers of modern times, in some fionts of the famous fortress of
Bergenopzoom.
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In order to establish a proper communication betwcen the terre-
plein and the roundway, passages were cut through the parapet
In various parts, especially near the salient angles of the bastions ;
at which angles, small stone turiets were also usually eected, i
which sentinels were posted.

These PERMANENT OR STONFE SENTRY-BoXES wete cither
made circular or in the form of small polvgons, the lower comscs
being built like corbels, so that the body of ecach seutry-hox pro-
jected beyond the general line of the scarp revetment, and its walls
were loopholed, in order to enable the sentinel to make his obsci-
vations in all directions.

Roundways and stone sentry-hoxes have long Lecn generally
disapproved. Small guards posted in the covered way and out-
works provide more effectually agamst a surprise than the formes §
and the latter being usually conspicuous and ornamental objects,
and placed on fixed points, so as to make hnown the positions of
the principal works, served only as marks for the enemy’s artillary,
to the prejudice of the defence.

I shall next proceed to describe what is called the Towrr
BASTION SYSTEM OF FYORTIFICATION, which was introduced
by Vauban, in some of the last fortresses constructed by him

Draw two right lines, 1epresenting
curtains, and draw thice very small bas-
tions at their extremities, to show the < RS
TOWER BASTIONS,

The nature of such works may be easily understood from their
name, they being merely luige towers built in the form of bastions.
The lower apartments of these towers are strongly aiched over,
with such a thickness of masonry and rubbish as to prevent bombs
or shells fro:n penetrating. At the top is a platform or terreplein
nearly level, having a parapet of the usual height, but formed of
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brick in order to save room, the thickness being about 8 feet. A
loopholed buck wall, about 3 fect thick only, inclosed the gorge,
the outhne of which 15, however, not yet correctly repiesented. It
15 not my iutention to describe the construction of these works
minutely.  Suffice it to say that the flanks were made perpendicular
to the curtains, and the salient angles always right angles ; and the
size of the towers was such as to ad.ant of three guns being mounted
in each face, and of two guns being mounted in that part of each
flauk, which projected beyond the scarp line of the curtain.

Such s nearly the outhne of the mam inclosure of the system now
under consideration, which so far diffeis very httle, excepting in
the gicater magnitude and form of its towers, from the plan
usually followed n ancient times before the ivention of gun-
powder.

In order to 1endes the tower bastion system more conformable to
the rules of modern forutication, an exterior line of works was there-
fore added, consisting of common bastions and tenails, both of the
usual size.

These bastions being separated from the main inclosure by a
ditch, and not bemg connected by cwitains, are called DETACHED

BASTIONS.

In front of cach of the three Q
tower huastions  represented  in F
your fizure, diaw a detached bas- @M
tion, the faces of which are supposed to be directed upon the angles
of the flank of the main uclosure.

Between each of these detached Q
bastions draw tenails ; and finish /:&& %Q
your tower bastions, the form of \/D//Q\Q
which is not yet complete, by producing their flanks a little in rear

of the curtains, and drawing the gorge of each, perpendicular to
its capital.
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The curtains produced, until they meet each other in front of the
gorges of the tower bastious, as represented in our figure, consti-
tute the interior sides of the polygon, in this constiuction. [ts
exterior sides, if required, would be denoted by right lines, drawn
80 as to connect the points of the detached bastions.

Beyond the detached bastions and tenails, there may be a chain
of ravelins, or other outworks, a covered way, and glacis, all of
which may be constructed in the usual manner.

Draw therefore a couple of
/\
ravelins in front of your tenails : . M é

and draw also the counterscaip /’,"‘-- — N N e
S LT ‘-~‘\\.1___\
ia front of your detached has- -/\/\ \/ Tt~ >
yad TN

tions and ravelins; rubbing
out, at the same time, those parts of the mtaior sides of the
rolygon, which become superfluous after the tower bastions are
completed.

Our figure, I its present state, represents Vauban’s second
system of fortification. In this he forutied outwards, that is to say,
he drew the intertor sides of his poiygon first, making them each
256 yards long. “Then he produced the radii to the distance of 84
yards, in front of the point of each of his towers, by which meaus
he fouud the position of the salient angles of his detached bastions.
In cousequence of this construction, the exterior side was not by any
means fixed, but varied according to the nature of the polygon; so
that in the hexagon, for instance, it was about 557 yards long, and
in other polygons of a gicater uumber of sides it became shorter
than the above dimension ; its length always dimiunishing in propor-
tion to the magnitude of the polygoun.

In his third system, which is also constructed with tower
bastious, instead of forming the curtain in one continued right
line, it is laid out in the form of a kind of front of fortifi-
cation, but with so very short a per endicular, that flanks of
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about 12 or 13 yards only are thereby obtained. This is the only
apparent variation between the outline of the third system of
Vauban, and that of his secoud system above described, as they
appear to the eye on a hasty inspection. Their dimensions, how-
ever, and construction, when they come to be more accurately
examined, are very different. In the third system he made his
tower bastions a little larger than in the former: and he fortified
inwards, making the extgrior side in all cases equal to 384 yards,
the perpendicular equal to one sixth of the exterior side, and the
faces of the detached bastions 123 vards long. Consequently all
the works are on a considerably reater scale, than those of his
sccond system.

In both systems communications are constructed near the flanks
of the towvers, leading from the body of the place to the detached
bastions :  wlulst the latter works may communicate with the
adjounng extremities of cach tenail, by means of sallyports pierced
in therr flanks.  "There 1s also a direct communication to the tenails
from the curtains of the mam inclosure, in the usual manner.
And it is to be 1emarhed, that the ditch of the body of the place
15 only about half the width of that which % in front of the detached
Lastions and tenals, so that the latter is in reality the main ditch
of the fortress.

Notwithstanding the great reputation of the author of the tower
bastion system of fortification, and although it was his last, and
probably his favourite mode of construction, being the only one
in which he so materially differs from former engineers as to
establish any claim for oiiginality; yet it is to be remarked that
this system has not, in any subsequent period, either been imitated
or generally approved.*

* Mr. Bousmard (in his Essai Général de Fortification) is, however, an
advocate fur Vauban’s tower bastions.
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I shall now proceed to describe the methods which have been
used in strengthening works of fortitication by means of retrench-
ments. :

One mod- of retrenching a full bastion, namely by a defensible
cavalier, has already becn explained : the other methods commonly
adopted for the same purpose aie as follows.

Sometimes a bastion may be retrenched by a work laid out in the
form of a simple tenail.

In order to repiesent this kind .
p S~ = \
of retrenchment, draw two bas- / \ o \
tions connected by a curtain, \

which being done, from the

shoulders of your left bastion draw two right lines meeting cach
other in the capital of that work, so as to form a reentering angle
(See the left bastion of the following fizure).

Sometimes the retrenchment of a bastion may be constructed in
the form of a small front of fortification.
Draw a retrenchment i.n your

. . . . o~ \
right bastion, in this last men- ’ - ’

tioned form; and let its extre- e - >
mities terminate near the shoul- /

ders of that bastion.

These retrenchments have ditches, and somctimes a covered
way ; and they are supposed to have a small command, usually
not exceeding 2 or 3 feet, over the body of the place.

Complete the forin of the . —
ditches of the retrenchments of Z_\//\ f\l(;
both your bastions, by drawing T ‘ ?
their counterscarps. /

When the retrenchment of a bastion is formed by a small front
of fortification, it is sometimes placed in a more retired situation
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than is represented in our present figure. For example, the
extremities of the retrenchment may terminate at or near the
angles of the flank.

To exemplify this method,
draw an additional retrench-
ment behind your left bastion,
in the form of a small front of
fortification ; and let the extremities of it terminate in rear of the
angles of the flank, and at a short distance from them, upon the
adjoining curtains. Represent also the ditch of this new work.

The left bastion of your present figure is now protected by a
double line of retrenchment.

Retrenchments may also have small outworks in front of them,
cither constructed iu the form of ravelins or otherwise.

Add a small ravelin to the
retrenchment of your right bas- @
tion; and represent also the (
ditch of this additional work.

From the above examples, it will readily be understood, that
there may be many methods of retrenching a spacious bastion.
To give some notion of the dimensions of such retrenchments, I
shall remark, that if we suppose the two original bastions of our
figure to represent part of a regular octagon fortified according to
Vauban’s first system, the small frout of fortification, which
retrenches the right bastion, may have an exterior side of about
160 yards; and that, which is in rear of the left bastion, would be
about 140 yards long, if it terminated exactly on the angles of the
flank, but by gaining a little upon the adjoining curtaius it becomes
so much the longer.

REMARK.
For a reason stated in a former chapter, the parapets of the
flanks of such short fronts of fortification, as thosc above described,
voL. 1I. A A
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could not be able to see into the whole of the ditch, with proper
effect. It is however to be observed, lest there should be any
misconception of what was there advanced, that in case an enemy
should attempt to take the retrenchment by escalade, although he
might not be exposed to any danger from musquet shot, whilst
standing in the bottom of the ditch; yet in proportion as he
ascended above that level, in the operation of scaling, he would
gradually come under the fire of the flanks, before he reached the
summit of the wall. And under this consideration, it will be
evident, that imperfect flanking defences are not in all cases to be
absolutely rejected.

In order to explain the mode of retrenching a ravelin, you will
first draw a work of that description, with a break at the gorge m
the usual form.

In rear of the faces of the ravelin, and parallel A
to them, at any convenient distance, draw two
lines, meeting in a salient angle, to represent the 7 /Q‘\ .

7
faces of the retrenchment. 2

Draw also the ditch of this woik, in the usual

\\
manner. /: Q \\

\\ 4
You will next draw two small flanks to your
retrenchment, and rub out those parts of the faces \
of it, which will become superfluous aftcr the flanks / E/" \:
are drawn.

The representation of a retrenched ravelin, in its most approved
form, is now complete.

The retrenchment of the ravelin, not being intended to act as a
cavalier, has usually a command over that work of about 2 or 3
feet only ; and in order that both of them may be properly com-
manded by the body of the place, a retrenched ravelin is generally
made 1 or 2 feet lower than an unretrenched cae.

The scarp line of the faces of the retrenchment cannot convc-
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niently be laid out, at much less than a distance of about 20 yards
from the interior crest of the parapet of the ravelin, for the same
reason, which was before stated, in treating o}‘ defensible cavaMers.

The top of the scarp revetment of the retrenchment may be on
the same level nearly with its own terreplein; and the height of
masonry is usually less by 8 or 10 feet, than that of the scarp revet-
ment of the ravelin, when the latter has a respectable profile.
Consequently the ditch of the retrenchment is laid out on a higher
level than that of the ravelin, having a sudden fall, or drop, as it is
called, at each extremity. It is usually made about 11 yards
wide, and its counterscarp is reveted. The side of each drop
is also reveted, as an additional obstacle to prevent an enemy
from penetrating, by the ditch of the retrenchment, into the terre-
plein of the advanced part of the ravelin.

It is also usual to retrench the reentering places of arms of the
covered way.

Draw a figure to represent a
reentering place of arms, with two W
adjoining branches of the covered

way, marking a couple of traverses

in each. ,
The retrenchment of the reentering places of arms usually con-

sists of two faces, forming an obtuse angle.
Draw two right lines accord-
ingly, to represent the faces of a W
retrenchment of the above descrip-
tion, placing them in such a situa-

tion, as not to interfere with the retired traverses of the adjoining
branches.

This being done, complete the W

form of your retrenchment by
representing its ditch.

A A2



856 ELEMENTARY FORTIFICATION. cHaP. xvII

In propostion as the salient angle of this kind of retrenchment is
more obtuse, the less exposed will it be to the enemy’s enfilading
or reverse fire ; but at the same time the flanking defences, which it
might derive from the adjoining bastion and ravelin, particularly
from the former, will become so much the more oblique, and
consequently less effectual.

The retrenchment of the reentering place of arms bas usually
a command of about € feet over the crest of the glacis. Its
revetment may be from 15 to 18 feet high; and its ditch,
which is usually 6 or 7 yards broad, does uot in general exceed
12 feet in depth. The patapet is made only 12 or 13 feet
thick, except at the inward extremity of each face, adjoining
to the counterscarp; and there, the outline of the interior crest of
it is not made parallel to the exterior crest or scarp line, but has
a return backwards, in the form of a small flank, nearly parallel to
the capital of the work ; by which means greater strength is gained,
in what are supposed to be the most exposed parts.

REMARK.

Any interior work or retrenchment, which is so constructed,
that an enemy cannot conveniently attack it, until he has previously
made himself master of the exterior work, which it is intended to
support, is called A KEEP, because it affords a safe retreat to the
garrison of the principal work, in case of necessity. Thus, for
example, in ancient castles of any considerable extent, there usually
was a high tower, or a more commanding but smaller castle, erected
within the central area, so denominated; and in modern fortifica-
tion, as the retrenchments in the ravelin and covered way come
precisely under the above definition, the former is also sometimes
called THE EEEP IN THE RAVELIN, and the latter THE KEEP
IN THE COVERED WAY.

We have hitherto supposed all our retrenchments or interior
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defences to be reveted with masonry, in a permanent manuer, and
to have a proper terreplein with good earthen parapets, as also
ditches and reveted counterscarps, and, in cértain cases, even a
small covered way in front of them.

Sometimes, however, for the sake of economy, and sometimes
from want of time, as for instance when a fortress is either actually
attacked, or liable to a sudden assault, the works have often been
retrenched in a less substantial manner.

For example, the retrenchments in the ravelin and covered way
have sometimes simply consisted in brick walls, from 1} to 3 feet
thick, pierced with loopholes for musquetry at convenient inter-
vals, and having a small ditch in front of them of about 6 or 7
feet deep, and 4 or 5 yards wide.

In such retrenchments, as they are quite incapable of resisting
cannon shot, the wall should be covered as much as possible
from the besiegers’ batteries, which are supposed to be esta-
blished near the crest of the glacis. This i1s done by making the
top of the masonry considerably lower than the parapet of the
ravelin. It is however proper, that it should at least be of such a
height, that when the remainder of the ravelin is taken, and the
enemy are established on the terreplein of that work, the troops
within the retrenchment may be every where completely screened
against musquet shot.

Sometimes, but particularly when the garrison of a place is
pressed for time, retrenchments may be made of timber.

This is done by firmly fixing in the ground strong piles, of oak
or other hard wood, not less than six inches thick, but the thicker
the better, in such a manner as to form a continued line of about 7
or 8 feet high above the level of the interior of the work, which is
to be retrenched ; a part of these piles being previously notched
in such a manner that, when they are put together, there shall be
convenient loopholes for musquetry left in them at proper inter-
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vals, whilst the remainder of the work forms a sclid wooden
wall. .
A work of solid timber of the above nature is called a stockade,

to distinguish it from a common line of palisading, which is usually
much weaker.

When A sTOCKADE is of very inconsidcrable extent, so that it
cannot be deemed a proper retrenchment, but merely serves as a
small keep near the gorge of a place of arms, ravelin, or other
work, to afford means of retreat to the defenders in case of an
assault, it is styled a tambour; and the same term is applied, in
field fortification, to a similar obstacle, which is often formed in
front of a gateway, that is not protected by a ditch and drawbndge
in the usual mauner.

When nothing is specified to the contrary, A TAMBOUR is
always supposed to be formed by means of a stockade, or pali-
sading, or other timber work ; but the same term may also with
equal propriety be applied to a brick wall, if of very inconsiderable
extent, and used for the same purposes, which have just been
mentioned.

A tambour may be further securcd by a ditch in frout of it, with
inclined palisades sloping outwards to add to its defence. When
composed of stockade work, it may have a half roof towards the
rear in the form of an open shed or penthouse; and a trench may
be cut behind it, for the purpose of receiving and deadening the
effect of grenades, splinters of shells, &c. unless when it is
placed so near to the reverse of any work, that the common
ditches of the fortress will answer that purpose.

In the full bastions, and in the reentering places of arms, of a
place menaced with an attack, a more serviccable retrenchment,
thap either a brick wall or stockade, may be formed by throwing up
earthen works resembling common field works. But for the reason
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stated, in treating of earthen ramparts, these must be strengthened
by palisades, fraises, or chevaux de frize, in order to secure them
against an assault, which will oblige the enemy to have.recourse to
the more tedious process of forming batteries or mines.

To obviate the disadvantages attending earthen slopes, the scarp
and counterscarp of such works may sometimes be retained by
means of A TIMBER REVETMENT, the nature of which is as
follows. ‘

PiLes of about 1 foot square, and of a suitable length,
are fixed in the ground to a sufficient depth to insure their sta-
bility, and at intervals of about four feet apart; behind which
18 applied a lining of strong PLANKS, and then the mass of earth
is thrown in.

In order to add to the security of the piles, which form the
principal strength of a timber revetment, and which in fact bear
the whole pressure of earth, it is proper to connect them with
other strong pieces, laid horizontally in the mass of earth, which
from that circumstance are called LAND TiES. Instead of build-
ing a timber revetment perpendicularly, it also conduces to its
strength to form it with a certain slope, which, however, should
not be greater than about one fourth of the height.

When palisades are used for strengthening works, it is to be
remarked, that the larger the scantling of which they are composed
the better. Entire trunks, for instance, of well-grown trees, are
preferable to every other kind, if the great difficulty and expense of
procuring a sufficient quantity of this description did not render it
necessary often to be contented with slighter ones. Palisades,
formed of large timber, not only offer an almost insurmountable
obstacle against men attempting to cut them down by main force,
under fire, but they affurd effectual protection against musquet
shot, and under certain circumstances, it has even been found
difficult to make any impression upon them by light field pieces,
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By way of distinction, the term stockade is also applied to the
superior kind of palisading, which s just been described.

Sometimes palisades have not been fiaed in the common man-
ner, but hung in bays, as it is called, which construction is as
follows.

Strong posts are first planted firmly in the ground to a sufficient
depth ; and then cross bars or rails are fixed to them horizontally,
near the top and bottom ; to which rails the pahsades are afterwardy
conuected by means of spikes, so as to hang with their lower ends
at some little distance from the ground. This coustruction, which
could only have origmated from motives of economy, is the worst
that can be imagined: for the palisades thus fised are usually of &
triangular shaped scantling, of too insigmficant thickness to resist
musquet shot in any part; and in case of an attack upon themn by
maiu force, the moment that an enemy succeeds in sawing or bicak-
ing off the ends of two rails only, a whole bay of pahsading 15 of
course thrown down and rendered useless at once.

These rails are commonly called ribbands. In naxcing
PALI®ADES two nbbands must always be used in each bay; and
cven i the eomman STANDING PALISADLES, at least when formed
of reqular scantling, u ribband 1y usually tixed near the top, at such
a height as to form a convemcnt rest for the soldicr’s musquet, in
firing between the interstices.

Traices huve also a ribband, often fixed to their lower surfuce
near the projecting end of them; whilst their buried ends are
attached to zuothar, which fiom its position is called a sleeper.
These cross pieces or RIBRANDS, iu both cascs, contribute to
streugth, as well as to regularity, in executing the work.

" o strengtheniny the works of a fortress by means of 1etrench-
ments, fascines, sand bags, and gabions, are also employed. The
two former materials have been already described.  "The latter are
2 kind of hashets made of wicher work, of a cylindiical form,
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but open at top and bottom ; which being set upright according to
any given alinement, and filled with earth, form a good revetment
for a parapet, traverse, &c. GaB10NS, used for the above purposes,
should not be less than 24 feet exterior diameter : 3 feet is a still
better proportion, unless the gabions are placed at a slope, which
increases the strength of this as well as of every other kind of revet-
ment. The usual height of gabions is about 3 feet, but they may
be made higher in particular cases, if judged necessary.* Cashs
with one end taken out, so as to receive carth, are often used
as gabions, and if sufficiently large they form an equally good
revetment.

I shall conclude the subject of retrenchnents by observing, that
in cities huilt of stone or brick, in a substantial manuer, without
any very great proportion of timber, it is proper to oppose an
enemy’s progress, after a breach is formed in the body of the place,
by fortifsing the adjoining strects and houses. For this purpose,
the doors and windows facing towards the breach arc built up or
strongly barricaded, and the walls of the houses in that direction
are loopholed.  Cuts are formed on the terreplein, to the right and
left of the breach, and continued from thence to the adjoining
houwes; and all the stieets, by means of which the enemy might
penetrate, are secured in the same manner. This being done,
and due precautions taken to prevent fire, the fortified houses and
cuts will form an obstacle of the most formidable nature against
a common assault. Indeed in some countries, in which timber is
scarce, and in which it is the fashion to build with very thick

* In carrying on the regular sap in a sicge, a much lighter kind of
zabion is nccessary, than would be desirable in any other case. Sap
gabions arc accordingly made only 2 feet in diameter, and about 2 feet @
inches high,



362 ELEMENTARY FORTIFICATION. cHar.xvIII.

walls and flat roofs,® the public buildings, and even many of the
dwelling bouses, if defended with proper spirit and vigour, may
be desmed almost impregnable against an attack by infantry

CHAP. XVIII.

¢ BOMBPROOFS, CASEMATES, POWDER MAGAZINES,
CRENNELED COUNTERSCARP GALLERIFES, GALLLRIES
OF COMMUNICATION, AND CASEMATED CAPONIERS.

Auy building, which is formed of such solid materials and
«nensions, as to be capable of resisting the force of bombs or
Llls, falling upon it is called A BOMBPROOS.

The usual mode of constructing bombproofs is to form apait-

» :zuts arched over at top, of a moderate width, that is to say, not

.nceeding about 18 or 20 feet at the utmost, but of a more con-

~lerable length, the thickness of the arch, or of the masonry
it top, never being made less than 3 feet, in its weakest part.

Powder magazines should always be bombproof; in addition to
staich, it is in all fortresses proper, but in small fortresses abso-
ir.ely and indispensably necessary, that the principal Lospitals,
t..rracks, and storehouses, should be built in the same manner;
herwise the garrison and stores, being continually exposed to the

* The houses in Malta are constructed in this manner, as also those of
#:cnos Ayres. ‘Those of Saragossa are less favourably formed for
J{dicnce, not having flat roofs, and being morc combustible ; and yet in
i':0 two late famous sieges of that place by the French, the houses offered
1.y far & greater obstacle to the enemy, than the fortifications,
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enemy’s shells night aud day without intermission, ao effectual
resistance for any length of time could be expected.*

Bombproof buildiugs may either be insulated, or placed at
some distance from the fortifications, or they may be constructed
under the ramparts of a fortress, in which latter case they are
called cASEMATEs.

A rampart provided with casemates, or in other words o cask-
MATED RAMPART, as it is usually styled, has no interior slope,
the back of it being reveted. The front walls of easemates are
formed by the common scarp revetments of the fortress.

Sometimes casemates have embrasures pierced through the
front of them, for the use of guns or howitzers ; which embrasures,
Leing cut out of the revetment, are of course either arched over or
covered with Jong stones.

Guns, placed in a casemate, constitute what is called 4 casg-
MATED BATTERY.

Casemated batteries are most essentially necessary for the
defence of dead angles and faces, which canunot be seen into
by any other means. From hence it follows, that in the bastionary

* A small fortress without bombproofs may, for the above reason, be con-
sidered absolately untenable against a vigorous bombhardment. . In a very
large extensive fortress, on the contrary, there must always be some parts,
which will not suffer by the effect of the enemy’s shells. But as the par-
ticular points, against which the besiegers may dircct their fire, cannot bs
foreseen, before an attack actually commences, the greatest confusion andg
trouble may be occasioned, in the event of a bombardment, by the necessity
of removing troops and stores from those situations, which happen to be the
most exposed. Consequently, although fewer bombproofs, in proportion te
the magnitude of the works, may be necessary in a large fortress, than in a
smaller onc ; still it may be laid down as a rule, that every fortress, how-
ever extensive, which is entirely destitute of bombproofs or casemites,
must be considered defective.
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system of fortification, they may be useful, but in the redan system,
they are absolutely indispensable.

Draw part of the
outline of a work,
constructed accord-
ing to this last men-
tioned system, con-
sisting of one redan
and two adjoining faces; and complete your figure by repre-
senting a ditch in front of it.

Parallel to the N

scarp line, and in
rear of it, draw ~ \ /

o1

another set of lines,
to represent the back

of a casemated ram- \’
part.

In each of the adjoining faces, which flank your redan, draw
two casemates of a rectangular form nearly, separated from one
another by an intermediate wall or pier. Represent also the
thickness of the scarp revetment in front of them, but let them be
open in rear.

Draw an embra-
sare, in the front ~_
wall of each case-
mate, wider in front
than in rear. \/7

_Each face of your redan is now flanked by a casemated battery
of two guns, which, being placed sufficiently low, may either scour
the whole of the bottom of the ditch, or nearly the whole of it;
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whilst the guns or musquetry from the ramparts above would not
be able to see into it, for reasons before explained.

When the embrasures of a casemated battery are placed very
low, it is usual to make that part of the ditch, which is immediately
in front of them, several feet deeper than the rest of it, in order to
prevent the enemy from approaching too close to them.

Any part of a ditch, sunk in this manner, is called a drop, as
was before explained.

Draw lines to mark the extent of each drop.

The dotted lines,
also added to the
Sigure, areintroduced
to show the direction
in which sections are
afterwards to  be
drawn. @

THE DROP is of course a dead part of the ditch, but this cir-
cumstance is not prejudicial, the scarp being so much higher there,
than at any other part, that it is not favourable for an assault.

To explain the nature of casemates more fully, we shall next
draw the transverse section of two of them, taken across the
arches (in the direction marked a b, in our figure).

Draw first a line to represent the level of the terreplein, under
which the casemates are constructed.

Parallel to which and below it, draw a second line, at any conve-
nicnt distance, to represent the floor of “the two casemates.

Mark points on the last drawn line, to show the thickness of the
walls, and the breadth of the two casemates, from which points
raise perpendiculars of equal length, to show the height of the
walls, from the floor of the casemates to the spring of the
arches
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Then draw two arches, which
you may make semicircular, it

being understood, however, that
this form is not always used. I ,

Over each arch, draw a ridge like that of a common roof, to
show the manner in which the masonry of casemates is usually
finished at top.

Draw also the foundations of the walls of your casemates,
giving them an offset on each side, in the usual manner.

And in the center of each
casemate, a little above the 2N
floor, draw a small figure arched / /
at top, so as somewhat to re- (—\ \ [
semble the casemate itself in ol 0
form, but on about one fith ~T__T L
part of the scale only, and with a segment arch rather flat, instead
of a semicircle.

The transverse section of your two cascmates (on the line a b)
is now complete, the small figures, which were last drawn, being
supposed to represent the CASEMATED EMBRASURES seen in
elevation.

When casemates are built for the purpose of accommodating
troops, it is desirable that they should not be less than 16 feet wide,
in order to afford room for a double row of soldiers’ beds, with a
passage in the middle. 18 feet will, of course, be still more con-
vepient. When intended chiefly as batteries, a width of 14 feet is
sufficient.

In a range of casemates, or other bombproofs, the same terms
apply, which are used in speaking of a bridge, or any other work
eomposcd of a series of arches, the intermediate walls being called
P1ERS, and the end walls the ABUTMENTS.
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Bombproofs are sometimes but not often constructed with two
stories. When there is only one story, the piers are seldom made
more than 6 or 7 feet high, measuring from the level of the floor
to the spring of the arches, and they are scarcely ever made less
than 3 feet, or more than 6 feet thick.

When the thickness of the piers of a range of bombproofs or
casemates is inconsiderable, it is usual to make the sbutments
much stronger than the piers; but when the piers themselves are
thick, or when the abutments terminate on a terreplein or mass of
earth, this precaution is less necessary.

In building casemates, after the 100f is formed with masonry or
brick work, the whole surface of it is covered with water-proot
cement, and sometimes for greater security the ridges and gutters
are leaded. In the latter, small drains are formed with a proper
slope, in order to reccive and carry off the rain water, which soaks
through from the terreplein. Then a couple of courses of dry
bricks are placed over the remaining parts of the roof, in the
lowest of which the bricks are laid at such intervals apart, as to
form narrow channels, leading perpendicularly down the slope to
the main drains before mentioned, with which they communicate.
This being done, a quantity of shingle or pebbles is next applied,
the largest of which are placed at bottom. These are afterwards
covered with a layer of clay, over which common earth or rubbish
1s thrown in, until the terreplein is raised to its proper level.* In

* The clay is intended to prevent the particles of common earth from
sinking into the intervals between the shingle and dry bricks, which in
course of time might fill them up, and impedc the water from running
down along the slope of the roof into the gutter. .

The mode, above described, has been very generally adopted in our
casemates in this country. In certain cases, however, the dry bricks, as
being of too porous a nature, have been omitted. shingle only being used
immediately over the cement; and some engineers are of opinion that
this last method is the best.

It may be remarked, that notwithstanding the care used in the con-
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short, unless the greatest care is taken, in northern climates, the
casemates must necessarily be damp ; and in this case, the expense
laid out in their construction will be, in a great measure, thrown
away, for they will neither afford wholesome quarters for troops,
nor will they even be fit for the reception of dry stores. Some-
times therefore, in addition to the precautions before mentioned,
particularly in small works, the terreplein is paved with flag stones,
or covered with cement, to preveat the rain water from penetrating
below the surface.

To complete our explanation of the natme of casemates, we
shall next draw a longitudinal scction, supposed to be taken
through the middle of one of those represented in a former figure,
on the line, c d. (See puge 365.)

Draw the section of a reveted rampart complete, but without
any counterfort; and also without the nterior slope, in heu of
which you will substitute a perpendiculas, to show the back of the
proposed casemate.

___/—/\‘,\'>
\
- L

Draw a horizontal line extending as far as the back of the

straction of them, there are few or none of our ranges of casemates in
England, thoroughly free from damp in every part. The grand object of
rendering them wholesome and fit for the reception of troops and stores
has bowever been gained, which without the above precautions could not
possibly bave been effccted in so moist a climate. A much more certain
and effectuz] mode would be to cover the roois of casemates entirelv with
lead, before tho rubbish is laid on; but the ¢xpensc is an objection.  From
St. Paul's remarks upon casemates, it may be inferred, that those which
have been constructed by the Freuch engineers ure much wferior to onrs.
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scarp revetment, in order to represent the floor of the casemate,
which in most cases is placed some feet lower than the original
ground line.

Draw another line parallel to it, at the proper height above it, to
represent the under part of the arch.

L
Above your last drawn line, draw a third line also parallel, to
show the ridge or top of the masoury; which being done, the
space, comprehended between these two last drawn parallels, will
represent the thickness of masonry over the crown of the arch.
The rubbish, laid upon the arch of the casemate, will of course
require a wall to retain it in rear. You will therefore draw a small

retaining wall accordingly.

I

The casemate, represented in our present figure, being con-
siderably higher than the general level of the ditch, would not
require any drop.

In order, however, to show this last-mentioned construction, you
will alter your figure so as to represent a casemate with a drop in
front of it, which is supposed to be excavated beneath the general
level of the ditch of the casemated rampart: aud draw a small
revetment for the counterscarp side of your drop.

Draw also a couple of lines across the scarp revetment, a little

YOL. 1L BB
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above the floor of the casemate, in order to represent the casemated
embrasure,

In former times the arches of bombproofs were generally
made semicircular, but in some cases, <ezment arches of fiom
90 to 120 degrees were used.  Of late, howaver, parabolic arches
have often had a prefurence given to them m the Britsh <ervice,
the rise of which has usually been made equal to half therr
span. All the new casemates at Dover have been constructed in
this manner.

In a rangc of bombproofs u1 casemates, doors or passages of
communication are usually made in every pier, from one end to the
other, in addition to which small aii-holes are also frequently cut
through them for the purpose of ventilation. When there is no
embrasure for cannon in the fiont wall of a casemate, one or more
loop-holes are usually, but not always, cut in it, for the same pur-
pose. Vertical air-holes are likewise sometimes cut through the
arches of casemates, which terminate at top upon the terreplein.
There they arc usually made very narrow, in order to prevent shells
from falling into them, but they may be much wider at bottom.
These holes not only create a circulation of air, but are useful in
carrying off the smoke when the guns are fired, which is a very
great impediment to the scrvice of casemated batteries,

In casemates intended for the usc of troops, fire-places are made,
the flues of which arc usually carried up through some part of the
parapet ; and such casemates are always inclosed in rear by a wall
of moderate thickness, like that of a common dwelling house,
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having a door, and two windows, one on cach side of it, and some-
times a small additional window over it.* .

* The dimensions of some cascmates, which bave actually been
exccuted, are as follows,

1st. 'Fhe casemates in the left demibastion of Fort Ricasoli in Malta,
are 85 feet 8 inches long, by 20 feet 6 inches wide. The picrs are 7 fect
thick, with two doors of communication in cach, and 5 feet 6 inches high,
up to the spring ol the arches, which are semicncular. There are embra-
swes at the height of 2 feet 1inches above the floor, the interior dimensions
of winch are ¢ feet 8 inches iu width by 3 feet in height, their exterior
dimensions being 7 teet in width by 4 feet S inches in height. The thick-
ness of the searp wall, through whigh they are pierced, is 6 feet 8 inches.
An air-hole, nearly vertical, 1s cut in the arch of each casemate, towards
the fiont of it, the dunensions of which are 1 foot 9 inches by 2 fect at top,
and 1 leet 6 mches by 5 feetat bottom. These casemates are open in rear,
with the exception of a thin wall raised 8 or t feet only above the floor.
Neven of them contained heavy guns, which, for the sake of experiment,
were fired five or six times as quick as possible, and the smoke was found
to go ofl pretty fiecly.

2d. The casemates in the king’s and Orange bastions at Gibraltar have,
by lonyg experience, been found good healthy quarters for troops. They
arc all about 16 feet wide, and of the same height up to the crown of the
arches, which are semicircular.  The prers are abent 5 feet thick, witha
door of communication in cach. The King's bastion casemates are about
40 feet long, and hasve no openings m the scarp wall in front, por any air-
holes to produce a thorough draft. ‘The Orange bastion casemates are
about 90 or 100 feet long, each having two narrow loop-holes in front
towards the bay, and three yvertical ait-holes cut in the arch, which at top
are only about 4 or 5 inches wide.

8d. The casemates in the new counterguard at Gibraltar are 16 feet wide,
and of various lengths according to the width of the rampart, which is
irregular.  'They are about 6 feet high to the spring of the arches, which
arc segments of 90 degrees. They have ecmbrasures in front, and a door
of communication in each pier.

In some new casemates, which I am informed have lately been con-
structed at Gibraltar, the width is 18 fect, which may be considered a
more convenient dimension for the accommodation of troops.

4th. The casemates at Cumberland Fort near Portsmouth have been
inhabited for many years. They arc each 88 fect long by 14 feet wide.
The picrs are 5 fect thick, with two doors of communication in each, and

BB Q
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Powper l(AdAZINEs are of two hkinds, large and small:
"the larger serviug as the principal stores of that article, are
often placed in retired situations ; whilst the smaller ones, usually
styled expense magazines, serve for the daily expenditure of
- the garrison, and are therefore distributed in various parts near
the principal works and batteries.

Vauban usually made his principal powder magazines, each 64

§ feet high up to the spring of the arches, which are segments of 120
degrees, nearly, their rise being 4 teet.  In cach casemate there 1s a
fire-place, and cither an embrasure or a loop-hole 1 front.  The average
depth of the crown of the arch below the level of the terreplein is about
7 feet 6 inches. ‘The new casemates, lately constructed at Southsca
Castle, have also arches of 120 degrees.

5th. In the casemated cavalier near the left of Chatham Lines, the
soldiers’ casemates are 61 feet lung by 17 teet wide.  They are two stones
bigh. The Laght of the lower story 1s 10 feet below the joists, wiich
support the wooden floor above it.  The height of the upper story as 11
fect from the floor to the crown of the bombproof arches, which are semi-
circular. The piers are 4 feet thick, with one door of commumecation cut
through cach of them in the upper story, and three air-holes w the lower
ope. The abutments are about 9 feet thich, ‘The front and end walls of
the lower story arc sunk 1 the terreplein of the lines.  In both stories are
fire-places, and the upper rooms have loop-holes 1n front, one on each side
of the fire-place. A gallery of wood, supported by brick picrs, runs alonyg
the whole extent of the lower rooms, the top of which being secured by a
proper raling, serves as a corndor for the upper story, and is ascended by
a flight of steps at each end. A gallery of the above description, or rather
one arched over at top, for greater sccurity, is very useful in all casemates
built with two slories, for it not only affords the most convenient mode
of communicating with the upper story, but serves also as a place of
paradc for the men in bad weather.

6th. In the fortifications constructed on the Western Heights at Dover,
the principal casemates are 77 feet long by 18 feet wide.  The picrs are
4 feet 1 inch thich, with one door of communication in each, and 8 fect
high, up to the spring of the arches, which are parabolical, and have a rise
cqual to half their span. There arc three firc-places in each casemate, and
one embrasure in front.

The whole of the above described casemates, excepting those of Fort
Ricasoli, are incloscd in rear by a back wall, baving a door and windows.
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feet long, by 26 feet 8 inches wide, in the clear; the whole being
covered by one large semicircular arch. The side walls or piers
were 8 feet G inches thick ; and their interior height was about 6
feet 6 inches above the level of the wooden floor. The end or
gable walls were 4 fect 3 inches thick, in each of which ‘was a
small window near the level of the crown of the arch. The door
of the magazine was also placed at one end. Each pier was
strengthened by 4 buttresses or exterior counterforts, about 6 feet
4 inches wide, projecting 4 feet 3 inches beyond the rest of the
wall, and placed at intervals of 16 feet apart from center to
center.  In all the spaces between the adjoining counterforts
were air-holes, cut in the side walls, about 3 or 4 inches wide and
18 inches high, not canied on in one continued straight line, but
winding to the right and left round a solid die in the center of the
wall. The arch was 8 feet 24 inches thick, above which a ridge
was formed, so proportioned, that the total depth of masonry over
the crown of the arch was about 8 feet G inches, whilst the angle
formed by the two sloping sides of the roof, was obtuse in a very
small degree.  The foundations of the walls, and buttresses, were
greatly increased at bottom by means of offsets, in the usual man-
ner. For fusther explanation, a figure is auncxed, in which the
plan and section of a magazine, so coustructed, are represented in
outline. In the section, which is supposed to be taken through the
center of one of the air-holes, a door and window and two bute

tresscs are seen in elevation,
m _l
ra

0

:
L s

Vauban’s powder magazines, as above described, were calcu-



874 ELEMENTARY FORTIFICATION. cHAP. xvuIL

lated to contain about 1050 baircls, piled in ticrs of three barrels
each in height, and by increasing the number of tiers, which may

be done to a certain extent, the quantity of gunpowder may be
increased in proportion.

In our powder magazines in the British dominions, the arches
jave never been made so wide as the above ; and therefore, when-
ever a considerable interior capacity was required, the body of the
building has generally been formed of two or more aiches, con-
nected together by intermediate doors or passages left in the
piers.®

For example, in Upnor magazine, near Chathan, there are four
arches, each 83 feet long, by 10 feet wide, m the clear, with
Ppiers 4 feet thick, abntments of 10 fect, and end walls equal to
the piers in thickness.  The height fiom the level of the floor to
the spring of the arches is O fect G inches, and the latter, which
are of the form called catenarian,t have a nse equal to half their
span, and are 5 fcet thick. The total depth of masoury at the
crown of the arch is 7 feet. In every pier there are five iterior

* In two powder magazines of equal length and interior capacity, and
whose arches arc of cqual thickness, that wineh is formed with one very
wide arch, is weaker than another formed of two smaller arehes, because
the strength of an arch, like that of a beam of timber, is dimiuished in
proportion to the distance between the piers which support it.  Vauban's
plan was therefore explained, not as being a good model to follow i1n prac-
tice, the arch being ceitainly too wide, but from the circumstance, that
experiencc has rcpeatedly proved it to be bombproof.

+ When a chain is suspended between any two fixed points, it forms a
peculiar curve, the chord or span of which may be made to bear any given
proportion to the height, by increasing or diminisling the length of the
chain. The curve, thus found, is called a CATENARIAN cURVE, which, on
comparison, will be found to differ very little from a regular parabola of the
same span and height.
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doors or passages of communication aiched at top, each 5 feet
wide and about 7 feet high. Lvery division of the magazine has one
door and window at each end, besides which there is oue door in
the center of each of the abutments or side walls, There are 20
air-holes in the body of the magazine, 8 of which are pierced in the
end walls : besides which there are 16 air-holes leading from the
outside of the buildimg below the floor.

The roof 1s formed of paving tiles laid in common mortar upon
the masonry of the ridges, the gutters only being leaded. This
powder magazine will hold conveniently about 10,000 barrels,
piled in tiers of mine barrels high*  The section of it is as
follows.

\/\

/
~

:>D§

O D)

[ ﬂ

* Powder magaziunes are usually divided into certain spaces called bays,
by wooden posts or uprights, connected together at top and bottom by
open frame-work. A bay, 17 fect 0 inches long by 5 feet 6 inches wide,
and 11 feet 2 inches high, will hold 312 common barrels, each containing
20lbs. of loose powder, mled nine high, in alternate comses of {welve and
cleven barrels cach, placed side to side ; the pile being three barrels wide,
which, in this direction, are laid cnd to end. A hay of the same length and
height, but about 6 inches wider, will hold 1205 quarter barrels of musquet
ball cartridges, containing 500 rounds each, and piled fourteen barrels
high, in courses of nineteen and eighteen barrels alternately luid side to
side, the pile being five barrels wide.  In Upnor magazine theie are two
bays in the width of every arch, so that passages are left between the
parallel bays, as also between cach bay and the piers or abutments. Trans-
verse passages are also left, one in the center and onc at each end of tho
magazine, which has 32 bays in all.  Some of them are, however, rather
larger than the above specificd dimensions. Small moveable capstans,
placed under the crown of each aich, are used for raising and lowering the
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Sometimes powder magazines have been formed with GROINED
ARCHES, that is to say with two sets of arches, of cqual height or
nearly so, intersecting each other at right angles.  In this method
there is some saving of materials, and a greater interior space may
be gained, because instead of intermediate pier walls, extending in
a continued line from one end of the magazine to the other, as in
the former construction, there are only small pillars of about 4 or
5 feet square at the utmost, which may be placed at considerable
intervals apart, and from which the groined arches spring in con-
trary directions. This construction has, however, been seldom
used, being less simple and weaker than the former mode, besides
which the formation of the arches and roof is much more trouble-
some.*

barrels.  The construction of Upnor powder magazine has, in general,
been very highly approved, it beig both drv and commodions.

Barrels, contaiming gunpowder or cartridges, are seldom piled higher
than the above-meationed height, and when so piled, they require very
sirong uprights to resist their lateral pressure.

® The ridges, &c. of the roof of a powder magazine, constructed with
groined arches, are so disposed, that four gutters must necessanly intersect
each other, in contrary directions, over every square pillar, in consequence
of which, deep hollows are formed in various parts of the roof, from whence
the rain water cannot be carried off, except by vertical drans leading down
into the body of the magazine.

The powder magazine at Tipner Point, near Portsmouth, is built with
groined arches.  Its dimensions between the four exterior walls are 87 feet
by 61 feet 6 inches in the clcar. There are three main arches, of a parabolic
form, in the width of the building, each 17 feet 6 inches wide, springing at
the height of 8 feet 9 inches from the floor, and having a risc equal to half
their span. Therc are two ranges of pillars in the width of the building,
each 4 feet 6 inches square, which in one direction support the main arches
above described. In the contrary direction, they support the arches that
form the groins, which are cqual to the former in height, but of a much
smaller span, the center arch being only 5 feet wide, and the others 7 feet,
"The number of these transverse arches is seven in all, in the length of the
building, the first and last of which terminate, however, not on squaré
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With respect to the roofs of powder magazines, and other bomb-
proofs, which are not covered at top with some feet of rubbish,
like those of cascmates, it is prudent, on that account, to add to
the thickness of masonry, in order to make them equally secure
against shells;* but the same precautions against darbp are
unnecessary, for the common slates or tiling, &c. used in
dwelling houses, are quite sufficient, provided that the ridges and
gutiers are leaded.  Much however depends upon the pitch of the
roof, which ought to be rather steep than otherwise; the low
pitch, rccommended by some architects for the sake of beauty,
bemg untit for northein climates.+  Somctimes, as in Vauban’s

pillars, like the others, mt on abutment piers 4 feet 6 inches thick and
6 tect 0 ches long, engaged i the end walls of the magazine, which are
5 teet tlnek. ‘The tlichness of the side walls is 6 tret. The dimensions
of the walls, and putlars, below the level of the floor, are gicatly increased
by means of oflsets. No ndges of masonry were formed above the arches,
but the whole edifice was covered with a wooden roof, and then shected
over with copper.

*® A shell, falling on the ground, seldom penctrates more than 3 or 4 feet
in stiff carth. Consequently it will he evident, that when a casematce is
eamvered with several feet of earth or rubbish, above the arch, the shock of
a shell stnking the roof, must be greatly deadened hefore it can act upon
the masonry. Butf no carth were used, the cffect of shells, falling repeat-
edly upon the same part of the roof must be similar to that of shot, fired
from a breaching battery aguinst a revetment ; that is to say, a considerable
number of them nught, at first, strike the masonry without materially
injuring it, but m the end they would force it in. No bombproofs, excepting
those which are covered with some feet of carth at top, would therefore,
strictly speaking, deserve that title; if it were practicable to dircct the
flight of shells from a mortar, with the same accuracy, wherewith balls may
be fired from a cannon. Fortunately, however, for the sccurity of such
buildings, this is absolutely impossible.

1 Of two powder magazines, built at Plymonth, nearly at the same time,
and with the same materials, roofs being formed over the arch of each, of
good timber covered with patent slating, but of which the one had rathera
stecper pitch than the other; the former was always dry and in good
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magazines, timbers are applied beneath the tiles; but this is quite
superfluous, when the masonry is itself formed with a proper
ridge.

Powder magazines are usually provided with double doors and
window shutters, which are made of thick matenals, and covered
with copper. The winding air-holes, before mentioned, are also
covered, both inside and out, with copper plates, having a great
number of small holes perforated in them.  And as an addiuonal
security to powder magazines of any importance, an inclosing
brick wall, 10 or 11 fuvet high, is usually bwlt round them, at
the distance of about twelve feet.  No iron o1 steel are ever
permitted in the construction of powder magazmes, these metals
being liable to strihe fue. The floors are formed of stroug
planks, with joists below them, which are suppoited by low
brick walls or picrs to heep them diy; and care is always taken
to produce a proper ventlation below the flooring.

Formerly the gunponder of fortresses was generallv placed in
towers or casemates, near of under the ramparts of the main
inclosure.  But it being found that, in cases of explosion, maga-
zines, so situated, occasioned practicable breaches in the body of
the place, and thercby rendered the fortress untenable, a rule has
since been adopted, either to remove the principal magazines from
the vicinity of the ramparts altogether, or to place them in the
center of empty bastions, wheie, if any accident takes place, their
destruction will not lay open the fortress to an assault.

preservation, whilst the latter, although the difference in the slope was
by no mecans consuderalic, was generally damp, and on inspeetion, it
was found that the timbeis were beginning to rot; in consequence of
which it became necessary to iaise 1t. To the hest of my recollection,
the pitch of the roof of this defective magazine was equal to one third
of the width.
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EXPENSE MAGAZINES are similar in construction to the
former, being also made bombproof, but much smaller, and
consisting of one arch only.

Having sufficiently explained the nature of powder magazines,
we shall next treat of galleries. )

A gallery in a regular fortress is usually arched over like a
casemate, but it is much lower and narrower, and generally
longer.

A gallery is often crenneled, or pierced with loop-holes, for the
use of musquetry.

Loop-holed gallerics are commonly placed at or near the salients
of the counterscaip immediately under the covered way, their
arches being supported on one side by the counterscarp revetment,
and on the other, by a wall built parallel to it.

In the first figure which represented the plan of your casemates,
rub out every thing except the scarp aud counterscarp lines of the
woik, which was supposed to be built according to the redan
system,

This being done, we

shall proceed to draw a

crenneled  counterscarp
\d

~

gallery in the usual form, \

Parallel to your coun-

P
terscarp line, draw a

second line to represent \/\/
the thickness of the coun-

terscarp revetment, which \ /
is to serve for one of the

walls or piers of the gallery; and which must therefore be built
without counterforts,
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Set off a sufficient

space to represent the ®
breadth of the gallery,
and draw two new lines,
also parallel to the for-
mer, -to show the thick- /

mess of the back wall;
which being done, draw also the end walls of your gallery,

‘Then draw lines across Q
the counterscarp revet-
ment, to represent the \/\/

Joop-holes of the gallery.

It will now be evident, that an enemy, after penetrating into the
ditch, caunot scale the redan, without being exposed to a reverse
fire of musquetry from the counterscarp gallery.

Sometimes, but very seldom, casemated batteries have also been
placed under the counterscarp.

In order to explain more clearly
the nature of counterscarp gal- —J—/\_—
leries, we shall next draw the
section of one, previously repre-
senting a ditch, covered way, and
glacis, in the usual manner, but omitting the counterfort of the
counterscarp revetment.

Behind your counterscarp revetment, and on the same level with
the ditch, draw a right line to represent the floor of the gallery,
from the extremity of which, raise a perpendicular, to show the
interior height of the back wall, and draw a semicircle to represent
the arch of the gallery, observing however that this form, although
very common, is not always used,
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This being done, complete your back wall by drawing the exte-
rior side of it; and draw the roof of your gallery, representing it
with one sloping side only, leaning against the counterscarp revet=
ment. Complete also the foundation of the walls of your gallery,
giving them offsets in the usual manuer. 1

Lastlv, draw two lines across
the counterscarp revetiment, at any
convenient height, to represent a
loop-hole.

In addition to the loop-hole, represented in our present figure,
it i3 common in A CRENNELED COUNTERSCARP GALLERY, to
form air-holes, also terminating on the counterscarp, but om
a much ligher level.

These awr-holes are usually formed in the proportion of one to
every Unee loop-holes, and are intended for the purpose of carry-
ing off the smoke in fiung, which is exceedingly troublesome.
This inconvenience would be effectually obviated, by having a
store of cross bows and arrows, in every fortress in which such
galleries are common, to be issued when necessary, for the use of
the defenders of these galleries, in lieu of the common firelock.

Crenneled galleries for musquetry should not be less than 74 or
8 feet wide, and they should be at least 83 feet high to the crown
of the arch, otherwise there will not be room for loading aud
fiing conveniently, with the common infantry firelock.*

Counterscarp galleries, such as have been described, are in
common use. The principal objection urged against them is,
that they do not contribute materially to the defence of a fortress,

* The soldier in returning his ramrod after loading, requires a space of
at least 8 feet perpendicular height, to do it freely.  Much less would suf-
fice by using constrained attitudes, butit is best not to put men out of their
wuy, without absolute necessity,
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when regularly attacked; for an enemy may penctrate into and
cither destroy or occupy them by mining, without being exposed
to their reverse fire : nor does this process add to the usual labowrs
of a regular siege, because mining is m all cases indispensably
mecessary, in the attack of fortresses with good reveted counter-
scarps, in order to foim a comvenient descent for the besiegers,
from the glacis or covercd way, to the level of the ditch.  And it
will be evident, that a counterscarp gallery, thus taken, may be
very useful to the enemy in his ulterior operations, although pre-
viously of little or no use to the ganion.  If however a hasty
assault should be veutured by the besicgers, without first making
themselves masters of the counterscarp gallery in the above man-
ner, there is no doubt but that the fire of this work would oppose
a most formidable obstacle to tieir success.

Sometimes a counterscarp gallery has a strong door opening into
the ditch of the jortress, from whencc it communicates with the
main inclosure by means of the common sallyports.

Sometimes, for greater security, there is an underground or sub-
terrancous communication, beneath the level of the ditch, which s
arched over with a ndge like that of a casemate, and is called a
communication gallery.

CoMMUNICATION GALLLRIEs are placed wherever it is judged
most convenient. In our present figure, a gallery of this kind
might be formed in the direction of the capital of the redan.

Draw two dotted lines
%o represent the position
of your communication

gallery accordingly.

This gallery being much lower than the counterscarp galfery, to
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which it leads, it will be necessary to have steps at the end of it.
But the manner in which these may be most conveniently placed,
will be so casily understood, that we shall not represent any in
our present figure.

The section of a communication gallery shall next be drawn.

Draw first a nght line to
represent the general level of
the bottom of the ditch ; below
which and parallel to it, draw a
second hue to represent the floor of your communication gallery;
and raise papendiculars of equal length, to show the iaterior
height of the walls up to the spung of the arch. Then draw a
semicircdle commecting the top of the above perpendiculuis, to
represent the under part of the arch; and the nterior form of your
communication gallery will he complete.

Draw the exterior sides ot
the w.lls, parallel to then inte-
nor suies s drawing also the Q
foundauon of cach, with ofivets
i the wa! manner. Then draw the top of the gallery, with a

tidge Iike that of a cusemate; which bemg done, your section will
be complete.

Sometimes communication gallerics are not entirely buried
under ground like our present oue, but only partially so ; and in
that case, they generally have loop-holes for musquetry, to flank
the ditch on cach side of them.

A gallery of this last-mentioned description is called A cASE=
MATED CAPONIER, because it is intended for exactly the same
purposes as the common caponier, that is to say, partly as a com-
munication, and partly as a post for musquetry.

To represent the section of this kind of work, draw a gallery
similar # the former, but placing the floor of it on the same level
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with the bottom of the ditch; and then add to your figure, by
drawing a loop-hole in each of the side walls.

Sometimes a casemated caponier is sunk so much, that the sills
of the loop-holes are on the level of the ditch.  Somctimes the
earth is raised on each side, to the height of the sills, in the form
of a small glacis.

Alter your figure, so as to correspond with the last described
kind of casemated caponier.

A casemated caponier must be at least 9 feet wide; other-
wise it will be impossible for men to fire conveniently, at the same
time, in contrary directions: 11 or 12 feet will however be stll
better. It should, for the same reason, be about 9 feet high, from
the floor to the crown of the arch. The floor of a casemated
caponier cannot conveniently be sunk more thon 43§ feet; and
therefore if we suppose the arch to be 3 feet thick, and formed
with a moderately steep ridge, the total height of the masonry can-
not be less than 9 or 10 feet above the level of the ditch.®

® Unless there arc a couple of steps left as banquettes ou cach side, and
then the caponier may of course be sunk lower ; but this will render it lcss
convenient as a communication, by taking from its width.

Sometimes crenneled galleries have been established under the two para-
pets of a common caponier, with loop-holes on one side of each gallery only,
facing outwards. In this case, the parapets of the caponier do not termi-
nate in the form of glacis, but have small ditches in front of them, the
scarps of which are formed by the cxterior walls of the galleries. This
construction constitutcs what is called a double casemated caporficr.
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Galleries and casemated caponiers, not being usually iutended as
a residence for ioops, are seldom roofed with the same care and
precautions bestowed upon casemates. It may, however, be ob-
served, that with a view of preventing damp to a certain degree,
the exterior sides of the walls, as well as the roofs of subterraneous
gallerics, aie often coated with a casing of dry stoues, one or two
feet thick, applied between them and the mass of earth in which
they are formed.  When this is done, the water, which otherwise
might scttle upon the regular masonry, finds its way through the
intervals between the dry stones, and is thus conveyed down iuto
draius, constructed beneath the floor of the gallery.

CIIAP. XIX.

OF SUBTERRANEOUS FORTIFICATION, INCLUDING THE
CSUAL DISPOSITION OF COUNTERMINES, WITH THE
NATURE AND EFFECT OF MILITARY MINES IN GE-
NERAL. ”

A military mine is a subterraneous gallery or excavation, by
mecans of which you may advance necar to, and immediately under,
your enemy’s woiks or lodgements, in order to blow them up with
gunpowder.

The art of planning and executing mines of the above descrip-
tion, is called sSUBTERRANEOUS FORTIFICATION.

MivLiTARY MINES may either be offensive or defensive.

When the term “ MiNES” is used without further explanation,
it always implies OFFENSIVE MINES, or those which are formed
by a besieging army in the course of a sicge.

Defensive mines being generally prepared before hand, in a per-
manent manner, in order to counteract the operaﬁons of any army,,

voL. II. cc
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_that might at some future period attack a fortress, are called
COUNTERMINES.

The galleries of countermines are usually reveted with brick-
work or masonry, and arched over, so that their profiles differ in no
respect from those of the galleries of communication, &c. which
were before described. It will, however, be understood, that this
remark does not apply to countermines, excavated in rock, which
of course require uo interior revetment.

The gallerics of military mines have different appellations
according to their size. There muy be, for instance, a great
gallery, a gallery, and a low gallery.

A GALLERY implies oue, in which a middlesized man may
walk without stooping, and in which two persons may puss cach
other without inconvenience.

A GREAT GALLERY implies one, which is higher than the foriner,
and sufficiently broad for three or four men to walk abreast.

A Low GALLERY is generally not less than 3 feet broad, but it
is only 4 feet G inches high, or thercabouts, so that a man cannot
walk upright m it.

Before we procced further, it is to be observed, that various engi-
necrs have proposed various systems of countermines, differing very
widely from each other, even in cases where the upper works of the
fortress have been of the same construction. But to describe
these systems in detail, or to enter into a discassion of the com-
parative merit of any of them, would not suit the plan of my
present work. I shall therefore make such remarks only, as will
serve to explain the nature of countermines in general, in a suf-
ficient degree to qualify the reader, for afterwards perusing professed
treatises on military mining to advantage.

The most useful gallerics of a countermined fortress are those
which extend under the covered way and glacis, as they serve to
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retard an enemy’s progress, by keeping him at a distance fromi the
principal works of the place. The most common modes of dis-
posing such galleries shall now be described.

Draw the outline of

a simple front of forti- e

fication, dotting  the o e e e
counterscarp and the e ' <> _-\
crest of the glacis, and ' gl '
omitting the 1emainder

of the latter work, for \

the sake of clcarness.

THE PRINCIPAL OR MAIN GALLERY of the countermines, in
almost every system of subterraneous fortification, is constructed
close to the revetment of the counterscarp, and often goes all
round, following the outline of that work; in which case, the
salient parts are usually made wider tian the rest of it, aud are
cienneled for the purpose explained in the preceding chapter.

When a plan is diawn on a small scale, the galleries of counter-
mines are either represented by spaces shaded dark, or by thick lines.

Parallel to the dotted
counterscarp of your
figure, and near it, you
will therefore draw a
thick line, to represent
the counterscarp gallery
of your countermires.

From THE COUNTERSCARP GALLERY, it is usual to push out
a number of other galleries, towards the country, which are called
DIRECT GALLERIES. |

These direct galleries may either be parallel to the capitals of
the places of arms of the covered way or nearly so, or if you
think proper, they may be made unearly perpendicular to the long
branches of the covered way.

cc?2
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. 1n our present figure,

_there are five places of
arms of ‘the covered
way. Parallel to each

capital of the above )
places of arms, draw /\\‘ﬂ
two direct galleries, one

to the right, the other to the left of it, placing the whole as
uvearly at regular distances from each other, as is practicable.

If a place were fortified with countermines according to the
system, now represented, each front would, as you may perceive,
have a counterscarp gallery and eight direct galleries.

In vour present figure, no direct galleries are shown imme-
diately under the capitals of your places of arms. It is to be
remarked, however, that this is sometimes done, the disposition of
countermines being susceptible of very great variety, as was before
mentioned.

A more advanced gallery, constructed parallel to the counter-
scarp gallery or nearly so, is called an ENVELOPE GALLERY.

Those parts of the envelope gallery, which intersect the pro-
duced capitals of the places of arms, are usually made perpen-
dicular to the said capitals, for a certain distance to the right and
left of their common intersection. The remaining parts of the
envelope may be nearly parallel 1o the branches of the covered
way.

Draw an envelope
gallery accordingly.

. When an envelope gallery is used, the direct galleries seldom or
never terminate there, as represented in our present figure, but
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are commonly pushed forward to a considerable distance beyond
it; which may either be done in the same allinemeat, or from new
points, if you think proper.

Add to your figure,
by drawing eight di-
rect galleries in front
of your envelope, six
of which must be
formed by producing
six of your former
dircct galleries; but
let the remaining two
start from new points.

Those portions of the direct galleries, which connect the coun=
terscarp gallery and envelope together, are sometimes, from that
chcumstance, called COMMUNICATION GALLERIES,

Those portions of the direct galleries, which are the most
advanced under the glacis towards the country, are usually called
LISTENING GALLERIES, because the miners of the fortress
besieged keep watch there upon the enemy’s operations.

Consequently, in our present figure, there is a counterscarp
gallery, an envelope gallery, and direct galleries; the latter con-
sisting, partly of communication, and partly of listening, galleries.

Some writers have recommended that there should be more than
one envelope gallery; but it is unnecessary to draw a new figure to
exemplify this construction, as the thing may easily be understood.
When there are two galleries of this description, that which is the
most advanced is called THE SECOND ENVELOPE.

A TRANSVERSE GALLERY is one, which is supposed to intersect
the dircct galleries nearly at right angles. This term, however, is
seldom or never applied to any gallery of considerable extent, such
as the envelope, but denotes a short gallery, perpendicular, or
mearly so, to the produced capital of a place of arms |
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. Rub out all your gal-
Jeries, except the coun- .

terscarp gallery.

Draw a transverse gallery, in front of each of your three salient
places of arms ; and connect the flanks or extremities of these to
your counterscarp gal-
lery, by direct gallenes.
It is not, however,
necesscry, that direct

galleries, constructedfor ' 4/ N
this purpose, should /\ // \\
extend in the same I

continued right line: they may cither curve a little, or form an
angle. You will thercfore draw the new direct galleries, n your
present figure, accordinglyv.

From the center of
each of your three trans-
verse galleries, draw a
listening gallery; and
from the reentering
angles of the counter- /
scarp, push out direct . *
galleries, in the alline-
ments of the capitals \_

of the two reentering

places of arms.

It was before observed, that there may be two envelope gal-
leries, and in like manner, there may be more than one tiansverse
gallery, in front of the same work.
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Draw a second or
more advanced trans-

verse gallery in front
of your ravelin, and
from the extiemities of
it, push forward two

new hstening galleries.

Instead of direct, and transverse or envelope galleries, intersect-
ing cach other perpendicularly, or nearly so, galleries may be
pushed out from the counterscarp, so as to intersect each other
obliquely, in the form of the letters X or Y.

Rub out vour figure.

Draw dotted lines to represent part of
the covered way, in front of the salient
angle of a bastion, ravelin, or other work.

And draw also a thick line for a counter-
scarp gallery.

From your counterscarp gallery, draw three direct gallerles, one
under the capital, the others at equal distances to the right and left.

Having continued these direct galleries
to a certain distance, in the usual manner,
you will then, from the extremity of cach,
draw two galleries branching off obliquely
both to the right and left, until the lines
thus drawn form two intersccMons: after
which you will draw direct galleries to-
wards the country, from the advanced
points of intersection, thus found.*

* With g view 1o give some precise notion of different dispositions of
countermines, which have been actually proposed by engineers, who have
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The part, where two or more galleries intersect each other, is
called A JuNcTioN. These parts should be made rather more
spacious than the remainder of the galleries.

From the various figures, which you have now drawn to illus-
trate the usual disposition of defensive mines, you will have
observed, that the galleries of countermines are laid out in such
a manner as to intersect the glacis, ncarly at equal intervals from
each other, so that the ground is, by these various intersections,
divided into spaces or COMPARTMEN1S, in as rezular a manner as
possible,  Consequently, on whatever part of the glacis an
enemy may form a lodgement, the miners of the place besieged
may always advance very near to the spot, by means of their
various gallerics, which, whil«t they remain perfect, serve ay so
many subterrancous roads, whereby men may take post in any
required position.

In order to make the most of this advantage, the besieged
always endeavour to preserve the principal galleries of their coun-
termines as long as possible; and for this reason, they do not
lodge the gunpowder, mtended for an explosion, in or near to these
galleries, but in shorter ones, pushed out to a certain distance fiom
them.

For instance, from the direct galleiies, which advance under the
glacis, shorter galleries are formed to the right and left, and from
the transverse or envelope galleries, as also fiom the counterscarp
gallery, short galleries e in like manner pushed out to the fiont.

The short galleries of the countermines, now alluded to, which
are intended for the purposes of actual explosion, are called
branches.

written on the sabject, the present figure represents Marescot's system;
the last finished figure (See the first figure of page 591) represents Mouzs
system; and the former figures (See pages 588 and 389) represcnt systems,
which bave been, frequently, citber caecuted or recommended.
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The nraNcHES are usually much smaller than the galleries
of the countermines, which, as was before observed, serve prin-
cipally for communications, and they are from their dimeusions
distinguished into two kinds, great and small.

A sMALL BRANCH is barely of such a size, as to allow men
to work in it; and they cannot move, but on their knees, or by
crawling on their hands and feet.

A GREAT BRANCH is of a medium size between the small
branch and the low gallery.

The powder, in military mines, is not lodged exactly at the
extremity of the gallery or brauch, where the explosion is to
tahe place, but in a recess, cut some feet to the right or left
of it. This recess is called THE cuAMBER of a mine, and is
ysually represented in a plan by a small square or rectangle.

Draw two lines, parallel to each other, to represent part of a gal-
lery of the countermines, as for lstance an envelope or transverse
gallery, on a larger scale than that of your former figures.

From any convenient part of it, draw a branch or narrower
gallery perpendicular to it, at the extremity of which, and to the
1ight of it, draw a small square to represent a chamber ; and rub
out superfluous lines.

In mining, whenever the direction of a gallery or branch is
changed to the right or left, the angle thus formed is called
A RETURN, as is the case, for example, in the chamber repre-
seuted in our present figure.
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Sometimes the same branch, after a certain distance, may lead
to two, three, or more branches, diverging from it in various
directions, edich of which may have a chamber at the cnd of it.

Draw a second branch, proceeding from the same gallery,
panallel to the former, and of the same length nearly.

From the extremity of this second branch, draw two shorter
ones, diverging to the rigcht and left, with a chamber at the
extremity of each.

O

Draw a third direct branch, extending fiom the gallery, parallel
to the two former principal branches, 1epresented in your figure,
and of the same length nearls.

From the extremity of this third branch, draw three shorter
branches, diverging from it, one in the same: allinement, the others
to the right and left. Draw also a chamber at the extremity of
each,

o I
B 7 =

i

Draw a fourth direct branch, extending from the gallery,
parallel to your threc former principal branches, and of the
same length nearly.

From the cxtremities of this last branch, draw two shorter
branches to the right and left, in a perpendicular direction, and
let each of these also diverge into two mew short branches at
right angles to it.
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And at the extremity of each of the four last-mentioned branches,
draw a chamber.

Your fizure now represents part of a gallery of the counter-
mines, from whence procced four principal branches, leading to
ten chambers.

It is here proper ta observe, that although the term “ mine” is

general, and may apply to the whole of any excavation, however
extensive, it is in military language often used in a more limited

sense, so as to denote that portion only, which is actually prepared
for the purpose of explosion.

For example, our present figure may be said to represent a
aallery, with branches, in the latter of which several mines are
supposed to be established.

The mine, formed at the extremity of your first branch, is called
A SINGLE MINE, having only one chamber, and consequently
being only capable of producing one explosion.

The two mines, formed near the extremity of your second
branch, constitute what is called A pPoUBLE MINE, as they pro-
ceed from the same junction, and may be fired together.

For the same reason, the three mines ncar the extremity of the
third branch constitute A TRIPLE MINE ; and the four mines near
the extremity of the fourth branch constitute A QUADRUPLE MINE.

Double, triple, quadruple, &c. mines, being intended to pro-
duce simultaneous explosions, are called cONJUNCT MINES, in
order to distinguish them from single or INDEPENDENT MINES.

It is to be observed that the term “ SPRINGING” is often used
to denote the act of exploding a mine; so that A MINE, when'
exploded, MAY ALSO BE SAID TO BE SPRUNG.
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In the defence of countermines, after all the branches leading
from any part of an advanced galleiy are used, the mines at the
extremities of them, having been fired in order to annoy the besieg-
ers, 30 that the ground there is consequently no longer favourable
for the formation of new branches; it is then usual for the besieged
to destroy that part of their gallery, for the purpose of preventing the
enemy from penetrating by means of it;* whilst they themselves
retire to their remaining galleries, of which they make successively
a similar use.

In short, in subterraneous warfare, the same rule is followed, as
in defending the upper works of a fortress. The most advanced
parts are resolutely maintained, and the ground disputed mch by
inch, in order to retard the enemy’s progress, and keep him at a
distance fiom the body of the placc, as long as possible.

In addition to the counterinines already described, which are
_formed under the covered way and glacis, galleries are also prepared
for the protection of thc outwoiks and main inclosure, after the
enemy shall have made himself master of the counterscaip.

The galleries of a ravelin, bastion, &c. have different names
according to their position. For example there may be a covering
gallery, a scarp gallery, a rampart gallery, and a retired gallery.

A COVERING GALLERY denotes a gallery, coustructed in front
of, and parallel to, a scarp revetment. It protects a work, by
impeding the enemy in bis passage of the ditch, under which it is
excavated.

A SCARP GALLERY denotes one, which is constcted close to
the:back of the scarp revetinent of a work.

A RAMPART GALLLRY denotes one, which is constructed at

® With this vicw strong doors arc sometimes placed in various parts
of the galleries, behind which the besieged miners retire, and either
fire upon the assailants, or throw suffocating balls to aunoy them, through
creauels made for the purpose. In some galleries, deep trapholes, covered
with tilting doors, bave also been formed to impede an enemy’s progross,
7This was done in the countermincs of St. Philip’s Castle in Minorca.
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some distance behind the scarp revetment, either under the middle
of the terreplein, or towards the rear of it.

A RETIRED GALLERY denotes one, which is constructed
entirely in rear of the rampart of a bastion, ravelin, or other work,
but which is supposed to be laid out parallel to it, unless any thing
to the contrary is specified.

A CAPITAL GALLERY denotes one, which is constructed imme-
diately under the capital of a work.

And in like manner, A REVERSE GALLERY and A GORGE
GALLERY denote those, which are constructed in the reverse, or
under the gorge of a work.

The position of such galleries may be sufficiently understood,
without adding any new figures for the purpose of illustrating
them. In their dimensions and use, they are similar to the former
galleries, which have already been explained; branches, with proper
chambers, being pushed forward from them, for the purposes of
explosion, in any required direction.

It ought, however, to be understood, that the above various gal-
leries have never been combined in the defence of the same work.
On the contrary, more than one principal gallery, parallel to the
scarp line of a -work, has very seldom been used. The several
positions, that have been enumerated, are therefore to be con-
sidered, as a specimen of the great variety of ideas and systems,
before alluded to, which have prevailed as to the proper dmposmon
of military mines.*

The objec.f countermines, uscd for the protection of a bas-
tion, ravelin, or other work, is, first to impede the enemy in his”

® There has been the same variety of opinion, as to the proper position
of the principal gallefy of the covered way. Some authors, for example,
instead of placing it close to the counterscarp, have recommended that it
should be formed more in advance, either under the middle of the terreplein
of the covered way, or under the crést of the glacis.
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passage of the ditch : sccondly, to clear away the rubbish from
the breach, so as to render it less practicable : thirdly, to blow up
the hostile troops employed in an assault : and lastly, to destroy
their lodgements, if they should eventually succeed in gaining pos-
sessiot of a part of the rampart.

It way perhaps be almost superfluous to observe, that the
retrenchments of bastions, ravelins, and other works, may also be
strengthencd by means of gallerics, in a manner exactly similar to
that which has just been described.

Having explained the gencral nature and distribution of coun-
termines, I shall next proceed to describe the mode of preparing
an explosion, and the usual effect thercby produced.

‘When the soil is dry, the total quantity of gunpowder, intended
for the charge of a mine, may be carried to the chamber in sepa-
rate bags, each containing 40 or £0 pounds, which may be built
up in a cubical form.

When the soil is damp, the outside of these bags may be
greased, or, what is more cominon, 1 wooden COFFER OR POWDER
BOX may be used, which is conveyed empty into the chamber, and
is there filled with gunpowder.

Metal POoWDER casEs of tin or copper may also be used for
the same purpose, by way of greater precaution.

When a mine is loaded, that is to say when the charge of powder
is deposited in the chamber, a considerable portion of the brauch,
which leads to the chamber, must be blocked ‘p either with
sand bags or rammed earth; or with a mixture of earth, stones,
short beams of wood, &c. closely packed together.

After it has been blocked up in this manner, a mine is said to
be tamped, and the earth and other materials, used in so doing,
are called THE TAMPING.

The tamping is intended to create a great reslstance to the
explosion, in the direction of the branch or gallery, and the
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chamber of a mine is formed with a return, as was before explained,
for u similar reason, namely, in order that the gunpowder may act
with the greatest possible cffect, against the enemy’s works or
lodgements, which it is proposed to blow up. If these precau-
tions were not taken, that is to say if the powder were lodged, not
in a regular chamber, but at the extremity of the branch itself, and
if it were then fired without previously tampig the mine, a con-
siderable part of its force, when exploded, would be uselessly
wasted n destroying the branch and the adjoining gallery.

As soon as a mine 1s loaded, a train of gunpowder, or other
inflammable matter, 1 laid in a narrow channel or tube, extending
backwards fromn the charge towards the rear of the branch, which
must be properly covered and sccured agaimnst accidents, before
the operation of tamping is commenced.

Tur traiN or A MINE is usually contained in A POWDER
nosr, protected by casing tubes.

The hose may be made of strong linen, and should not be less”
than one inch in diameter.

The casing TUnes are usually made of wood. The best
mode of forming them is to take some narrow pieces of 1} inch
plank, and groove them longitudinally on one side.  Any two of
these, when applied together with the grooves inwards, will form
a compact hollow tube, which must of course be rather larger in
dianeter, than the filled .pox\der hose, which it is intended to
contain.

The train of g mine is also sometimes called TE PRIMING,
and after the tram is laid, a mine is said to be primed.

After A MINE 1S LOADED, PRIMED, AND TAMPED, it is fired
by means of a picce of portfire, attached to the tail of the powder
hose, or priming, and cut to such a length as to burn for one or
more minutes, before it communicates with the powder, in order to
give time for the miner who fires it, to retire to a sufficient distance.

Sowetimes, by way of greater security against damp, the train
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of a mine may be laid in metal PriMING TUBES, made of tiu or
lead. 'These, if the former wetal is used, may be inclosed in
wooden casings, of the nature before described, to prevent them
from being crushed by the tamping.

It will readily be understood, that the train of a mine seives
merely as a communication through the tamping, upon the extent
of which its length must depend. If no tamping were used, a
long train would therefore be entirely unnccessary.

In conjunct mines, which are intended to produce two or more
SIMULTANEOUS EXPLOSIONS, the train of cach charge isled back
to the junction, where it communicates with all the others, so that

- the whole of them meet in one point, and are fied at the same

oment. .
"l'he various trains of a conjunct mine should all be exactly
of the same length. The point, in which they unite, is called
*THE FOCUS OF IGNITION; whilst the center of the charge, con-
tained in each chamber, is called THE FoctUs OoF EXPLOSION.

When the term “ focus” is used, in speaking of a single mine,
without any further explanation, the focus of explosion is always

implied.

When gunpowder is lodged under ground, and exploded, it
bas a natural tendency to act with equal force in all directions:
but as it is opposed in acting downwards and laterally, by a
much greater resistance than it is able to overcome, the principal
visible effects of the explosion are always produced, in the direction
“of the nearest surface, where it meets the least resistance.

To exemplify this by a figure, draw an outline to represent the
surface of the ground, partly horizontal, and partly sloping at an
angle of about 45 degrees : which being done, below the horizontal
surface, draw a small square, A, to represent the chamber of a
loaded mine, and near the sloping surface, and at an equal dis-
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tance from it, draw a second small square, B, to represent the
loaded chamber of a second mine.

- .
- ./ n

From the focus of the mine, A, draw a line, A a, perpendicular
to the nearest surface, which will be a vertical line, and from the
focus of the mine, B, draw, in like manucr, a line, Bb, perpen-
dicular to the nearest surface, which will of course be oblique to
the horizon.

“B

<o

These being the shortest lines, that can be drawn from each
focus, to the nearest surface, there will consequently be a smaller
mass of carth to resist the action of the powder, in the direction of
these lines, than in any other direction. For this reason, the lines
A a, is called the line of least resistance of the mine, A; and the
line, B b, is called the line of least resistance of the mine, B.

When a mine is exploded, under ground, under the circumstances
represented in our figure, it blows up or shatters the surrounding
carth in such a manner, as to form a cavity shaped not unlike a
bowl or'bason. This is called THE CRATER of the mine.

In earth of uniforn tenacity, the crater of a mine is often
nearly regular in its appearance, which however is not alike in any
two similar cases; and therefore the investigation of its precise
form, which many writers have attempted to fix by mathematical
calculation, is a pursuit absolutely chimerical. But as an ap-

VOL. 11, DD
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proximation to the truth, with a view of merely finding the average
quantity of earth, affected by the action of gunpowder; an inverted
parabola, of which the axis agrees with the direction of the line
of least resistance, and of which the vertex is deeper under
ground than the bottom of the chamber, may generally be assumed,
as a tolerably accurate section of the crater of an exploded mine.
The mean diameter of the crater at the surface, for although
nearly, it is not always exactly, circular, as well as the depth, to
which it extends below the focus, will be greater or less, iu pro-
portion to the quantity of powder used in the explosion.
Upon each of the lines, A a, and B b, as an axis, produced
about one third of its original length, you will therefore draw a
Fibola, to represent the sections of the craters, supposed to be
med by the mines, A and B, when exploded ; making the width
“each crater at top cqual to twice the line of least resistance :
#d let the original chambers, A and B, be dotted.

But although, on examination, the whole of the earth, contained
within the outline of each crater, will be found to have been affected
by the explosion; it is to be remarked, that those particles of it, which
are below the focus, are not always actually thrown out, but some-
times merely bruised and impelled downwards, with a compressing
force : and in any minc, such as that marked A, in our last figure,
whose greatest force is exerted vertically, a considerable portion of
the earth, which is either actually blown out of the crater, or moved
to a certain height above its original position, falls down again,
into the same place nearly, after an explosion. In a mine, such
as B, on the contrary, which acts in an oblique direction, a much
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smaller portion of the exploded earth finds its way back into the
crater, as it is chiefly impelled laterally.

Consequently the section of each crater, as it appears after the
explosion, does not assume a form nearly coinciding with those
represented in our present figure, in average dimensions, until.all
the loose earth has been removed. The actual state, in which
the explosion leaves them, will be shown more correctly by the
following figure, in which the space contained in each crater,
between the dotted curve and the other, shows such parts of the
original carth as are injured, but not finally removed from the
spot, by the action of the gunpowder.

Tt is to be observed, that the parabola is, in almost all cases,
a tolerably correct representation of the section of a crater, in
the state in which it is actually left by the explosion. But after
the whole of the loose earth, which is either moved or injured by
the effect of a mine, is cleared out; then the section of the crater
will often be found to differ very widely from the above figure,
which, as I before observed, was merely chosen by way of
approximation. Sometimes, for example, an emptied crater has
th€Yorm of an inverted frustum of a coue nearly® Sometimes
the upper part of it only has that form, whilst the Iower part of it
resembles a shallow dish or saucer, so that in section this part

* ‘When an upright cone is cut through horizontally, tlie upper part of it

towards the vertex forms a aqu‘g.q‘g cw._g;nulg,; to. Mongmal
body. The lower or imperfect portion, into which it is thus dl\nded in

salled the frustum of a cone.
DD¢e o
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may be represented by a very obtuse parabola: and there is often
a Lind of irregular berm, extending all round the interior of it, at
a certain depth.

To explain this last-mentioned form, which is vers common in
practice, an additional figure is given, in which the right le, a f,
represents the original surface of the ground: whilst the dotted
square, c, shows the position of the powder box.

The curve, a b d e f, the concave part of which is newly para-
bolical, shows the actual form of the crater immediatds afier the
explosion; whilst the irregular figure, 12354507, shows the
form, above alluded to, which it will be found to have, when all
the loose stuff is cleared out. In this, the upper part, bounded
by the lines, 1 2, and 7 6, resembles the frustum of a cone nearly:
below which*is the irregular berm, represented i section by the
lines, 2 3, and 5 G; whilst the bottom part, 3 45, immediately
under the original position of the charge, is parabolical.

The principal difference, to be remarked between this and our
former figure, is that, in the present instance, the caith is supposed
to be expelled to a very considerable depth below the original
chamber; an effect, which always takes place when extraordinarily
lalzg_vcharjgs of gunpowder are used. The superior diameter of
the crater is also much gieater, in proportion to the lime of least
resistance. More moderate charges, on the contrary, produce
the less violent effects, represented in our former figure.

When there is no line of least resistance, properly so speaking, as

for example, supposing a quantity of gunpowder to be lodged in
the center of a globular mass, cqually strong ou all sides, then no
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erater would be formed in the event of explosion; but the whole
ma-s would be blown into fragments in all directions, as is shown
by tir ansting ot a bomb shell.

Thee o au ther case, even in subterraneous explosions, where no
reenta ¢or - arerater would be formed, that 15, when the quantity
of jo_der, Judged in the chamber of a mine, is too small to over-
come the tesistance of 1mgg so that no visible effect
is p«luced at the curfuce, which at the utmost will merely be
crached by such an madequate charge. Oun digging down to the

spot, where the powder was placed, an internal crater, of an irre-
gular globular form, will, however, sometimes be found; a part of
which, at least in sl «al, will often be quite hollow, the 1emainder
of it heing filled with earth loosened by the explosion.  This is

called A SMOTHERLD MINE.
[ S

The line of least resistance is often, for the sake of conciseness,
o onmmmp— W Sye .
simply termed THE LINE oF A MINE. ThisTine is of the greatest
importance in military mining ; for upou its lengthi"depends the
quantify of powder, which it is proper to use, m oider to produce
a réquired cffect, m soil of a given tenacity 5 and it also serves as

ey m— . . .

a scale for measuring the 0omparative powcgof different mines.

For example, a quanuty of gunpowder which is just capable of
producing a crater, whose diameter shail be double the line of
least resistance, Is called AN ORDINARY CHARGE, and a crater
of this proportion is called ax mu.u.z\ ARY CRATLR, OF A TW®
LINED CRATER. A crater, which is thice times the Iine of least
resistance in diameter, is called a TR LINED cRATER. A
crater, which is four lines in diawmeter, is called A 1ooRr LINED
CRATER: and in like manner, there may be A FI&LIN D CRATLR,
a S1X LINED CRATLR, &c. &c.

When a mine is loaded with a quantits of powder, which is too
small to produce a two lined crater, it is termed AN UNDER-
CHARGED MINE; but if it were loaded with a quantity of powder,
capable of producing a much greater effect than the above, it would
be termed A SURCHARGED MINE ; and the charges of such mines
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are called EXTRAORDINARY cHARGES. These are distinguished
from each other, in proportion to their intended effect, by the same
terms, before applied, in spealing of the craters of mines.

Thus for example, there may be an ordimssycharge, a three
lined charge, a four lined charge, a five lined charge, a six lined
charge, &c. &c.

Aud in like manner, a“hine, intended to produce a given effect,
may be termed an ordinary mine, a three lined mine, a four lined
miue, a five lined mine, a six lined mine, &c. &c.

A mine is also distinguished by the depth or length of its line of

least resistance, expressed 1 feet. Thus for example, A Ti.N rooT
MINE denotes one, which has a line ot 10feet: A riiTLEN Foor
MINE denotes one, which has a line of 15 feet, and so on.
Surcharged mincs, particularly when foaded with eatiaordinaiily
large quantities of powder, have often been styled GLOBES OF
coMpRESSION. This term is by far too vague to couvey any
distinct notion of the proposed effect of an explosion, but having
been very generally used, it would not be proper to omit it.*

‘When the line of a mine is iriven, thq proper ordinarz charge, or

one capable of prodgecing a two lined erater, in soil of a middling

tenacity, may be found with sufficient accuracy by the followin,
simple rule

oRULE. Cube the line of least resistance in feet, and one tenth
“of the result (fractions beigg disregarded) will be the required
quantity of powder in pounds.

Thus for example, supposing the line of least resistance of a
mine to be 12 feet: the cube of 12 is 1728, which being divided
by 10, and the fraction struck out, gives 172 lbs. of powder, as

® The pompous term “ globe of compression,” which signities nothing
more than a commnn military mine, loaded with an unusnally great quantity
of powder, was first introduced by Belidor, for the purpose of illustrating
his theory of the action of gunpowder in mines; but however applicable
to theorctical purposes, such high-lown expressions should, as much &
possible, be banished from practical language,
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the proper charge for producing an ordinary crater, in common
soil. In soil of a different nature, more or less powder might, of
course, be required to effect the same purpose.

It is not my intention to treat at large of the rules for finding the
proper charges of mines under various circumstances ; suffice it to
say, that in mines of different depths, when similar craters are to be
produced, the proper charges will be nearly in proportion to the
cubes of their respective lines, as may be inferred from the fore-
going rule.  But in mines of the same depth, when more than two
lined craters are proposed, the powder proper for extraordivarily
large Charges must be increased, in proportion as a greater effect is
intended, in a considerably greater ratio, than that whereby the
square of the diameter of the proposed crater exceeds the square of

the diameter of an ordnary crater.*

—

* From experiments recently made at Chatham, in soil of uniform
tenacity, consisting of fine sand mixed with clay, weighing about 124 Ibs.
per cubic foot, and capable of standing without support in the formn of a
small gallery, the undermentioned conclusions as to the proper charges of
mines i such soil have been drawn.

Ruce. Multply the cube of the hine of least resistance, in feet, by the
fcllowing numbers, which will give the charges, in pounds, necessary for
producing the folfowing cects: viz.

In order to pmduce a one lined crater, multiply by *083 (or in other words

diwvide by 30): T'o produce atwo hined crater, multiply by -095: Lor a three
lined crater, muluply by -21: Yor a four lined crater, multiply by *45: 3"
1 five lined crater, muluply by -03: TFor a six lined crater, multiply by
175: Fora seven lined cruter, multiply by 2:25: For an eight lined crater,
multiply by 8: For an 8} lined ciater, multiply by 6'5: And for a nine
ined crater, multiply by 1e.

In a one lined crater, the earth is either merely agitated, or only raised a
very little higher than the surface, and then falls dow n again into its original
position nearly. In a four lined crater, it is blown out to a.depth equal to
the Imc of least resistunce, and is affected to 14 times that depth.  And in
» niné tred cgater, it is blown out to the depth of 2!} times the line of least
‘esistance, and is affccted to 2} times that depth. But it is to be remaiked,
hat there is little certainty in these proportions, for the mean depths of two
:raters, under similar circumstances, nsually ditfer more than tbeir mean
liameters,
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It was before- stated, that the action of gunpowder, in all but
smothered mines, forms a ciater of a certain diameter, which extends

In the course of experiments, ahove alluded fo, we found that Belidor
was mistaken in his supposition, that 1t was impiacticable to produce more
than a sin lined crater, by the greatest possible quantity of powder that can
be used; and still more so, in the assertion, that 1 all cases about 300 times
the line of least resistance, in leet, 15 the proper charge, 1n pounds, necessary
for the above purpose.  For we, by a charge ot only 10 umes the hue of
least resistance, obtained a six lined erater; and by a charge of 108 times
the said line, we obtained a mine lined crater. which, according to his doe-
trine, ought to have been impracticable.  But it s to be observed, that ail
our charges were placed at a small distanee from the surface.  Had our
chambers been sunk five or siv times deeper than they actually were, then
instead of producing a six lined crater, by wmnich smaller proportiion of
powder than Belidor prescribes, 1t would have required a considerably
greater charge than lus, to obtimn the said efleet. Por the powers necessary
to move similar solid bodies are in the propmtion of the cubes of therr Illu-J
sides, not in the proportion of the sand sides themselves, as is imphed m,
Belidor's proposition.

Notw ithstunding these very palpable ohjections to that aufhor'’s erroneous
rule of maltiplying the hoe ot least resistance alwavs by 300, in order to
find the proper charge of what he calls a globe of compression, it has been
implicitly copicd by all the subsequent French writers on the came subject,
up to the present day @ and 1t 1s to be observed that all thejr reeont hooks an
military mimng abound with practical enors of a similar natme, Witness
the peculiar mode of simking a shaft, proposed by a Captai Boule, which
they universally hold out, as heing mm many cases the,best and most
expeditions mcthod of pertormuing that operation; but which, it may be
presumed, none of them have ever thed, forét is not only very absurd, but
generally speaking unpracticable.

In these remarks, which 1 could easily corroborate by a number of
similar examples, I do not mean to undervalne the labours of Belidor, who
wag the first that brought the wt of military mining to any degree of per-
fection: but as far as regards his disciples, the more modern French
writers on the same subject, who aleo have their metit, T take this
opportunity of recommeunding, that their works should never he rewl
without dae caution and discrimination; since they have wot in general
taken the trouble, to draw a proper line between untiied projects, and
established facts; and instead of having recourse to experiments, they
bave been much too fund of indulging theit imagmation in the imvention of
new systems, and much too credulous in copying (rom their predecessors.
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.downwards, or laterally, only to a comparatively small distance
from the focus, by reason of the greater resistance opposed to the
explosion, in these directions, by the solid mass of earth. If, how-
ever, instead of being solid on all sides, there were any cavity in the
earth, such a9 a gallerv or branch, eithet below or on one side of
the supposcd mine, within a given distance from the focus, then the
effect of the explosion would be different, for it would not only form
an external crater, but would also act with considerable force
towards the cavity, on account of its mceting with less than the
usual resistance, m that direction. Consequently, a loaded mine
will blotv in and destroy any neighbouring gallery, at a much
greater distance, than its sphere of action could possibly extend to,
in sohd earth.

[t has been found by experiment, that a surcharged mine,

‘mpable of producing a six lined crater, will destroy su_lg_tgrl";leous
galleries, at the distance of more than four times its own line of
least resistance from the focus. For which reason, such mines
have been more commonly used by the assailants than by the
defenders of a fortress; the latter, as was hefore observed, being
desirous to protiact the operations and preserve their own galleries,
as long as possible.

In consideration of what has just been explained, it has been
Judged prudent, in using ordinary charges, not to establish the
chamber of a mine nearer to any g.lllen, which you wish to pre-
serve, than twice the line of least resistance. Indeed a greater
distance may be considered desirable.  Tor the same reason, the
_tamping of a loaded mine should extend at least 11 times, or twice
the length of the said line ; and in single mines, which are to act
successively, if their chambers are placed nearer to each other than
the ahove distance, care must be taken before any of them is fired,
to load‘am‘xmp the adjoining ones on each side.

The chambers of mines may, of course, be formed at very dif-
ferent depths or levels, according to the object proposed. Some
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engineers have recommended establishing chambers within a short
distance of each other, on three different levels or stages. By this
means, after” the first or upper tier is exploded, a new lodgement,
formed nearly on the same spot, may be destroyed a second time
by the middle tier, and a similar process may be repeated a third
time by the lower stage or tier.

In MINES OF SEVERAL TIERS OR STAGES, the chambers are
never formed vertically under each other, but obliquely at a certain
distance, which even, when measured horizontally, as it would
appear in a plan, is usually not much less than 14 times the line
of least resistance ; and the difference of level between each stage,
when there are more than two, seldom exceeds 5 feet.

The general level of the galleries of countcimines may some-
times be considerably lower than the spot, where the entrance tg
them is formed.

I that case, it is usual to sink a square or circular pit, resembling
a well hole, perpendicularly downwards to the requisite depth,
throngh which men may descend into the gallery, by means of
winding staircases, ladders, &c.

In mining, any pit excavated for the above purpose, is called
A SHAFT.

_The shafts of countermines are usually reveted with masonry :
those of offensive mines are secured by woodwork.

It is to be remarked that shafts, like galleries, may serve, not
only for the purposes of mining, but also as communicatious : and
in the latter case, they should be more spacious than usual, and
ought to have at least two winding staircases, carried up the circum-
ference, at equal distauces from: each other in every corresponding
part. Shafts of communication of this nature are however seldomn
necessary, except on fortified heights.

Sometimes, instead of using shafts, in mining, the necessary
depths or levels may be gained, by making the galleries ascend
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or descend, from one level to another, according to an inclined
plane. ¢

When the difference of level is considerable, in INCLINED
GALLERIES, steps will be necessary; but when gradual, a slope
without steps may be sufficiently convenient,

The nature of ASCENDING OR DESCENDING GALLERIES
may be sufficiently understood without a figure. One section only
shall be added, to show the manner in which the galleries of coun-
termines may extend under a glacis.

Draw a counterscarp, covered way, and glacis, in section.

Draw also a counterscarp gallery, similar to that which you
before drew, but you need not represent any loophole,

-/\\

From your counterscarp gallery, draw a right line extending
under the glacis, to represent the level of the floor of a direct gallery.

Draw a second line over the former and parallel to it, to repre-
sent the level of the roof of your direct gallery.

Bub out those lines of your counterscarp gallery, which will
become superfluous as soon as the new gallery is drawn : and then
draw a third line parallel to the former, to represent the top of the
arch of your direct gallery.

e

=t =

About the middle of your direct gallery, draw a figure to repre-
sent the entrance of an envelope gallery, seen in elevation, of the
same height as your direct gallery.
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At the extremity of your direct gallery, draw a similar figure, to
represent a return or branch, lcading to one of thé most advanced

chambers.

Beyond this, draw two vertical lines from the surface downe
wards, parallel to each other, 1o represent the sides of a shaft
formed by the besiegers, in order to attack the countermines.

Draw also a portion of gallery or branch, pushed out fiom the
above shaft, which will be repiesented by two parallel lines only,
at the extremity of which draw a rectangle to 1epresent a retuin
leading to the chamber of an offensive mune.

r-—/_/\
|
A

The entrance of the shaft, &c. supposed in the above section to
be excavated by the besiegers, would of course be protccted by a
parapet, thrown up in front of it towards the fortress.  ‘This work

]

18 omitted in our figure, in order to avoid confusion.

The galleries of countermines only are prepared beforchand, in
a permanent manner ; the various branches and chambers, which
may be required for the purposes of explosion, being usually
formed during the period of a sicge, or at the ime when a siege 1s
confidently expected*  Such being the case, they caunot of course

® In a fortress founded upon rock, not only the galleries, but also the
principal branches and chambers of the counterniines, should be exccuted

beforeband. 4



WOODWORK OF MINES. 413

be reveted with masonry. Woodwork is therefore used to prevent
the earth from falling in; and the same method is practised by the
besiegers, in their oftensive mines.

The woodwork of shafts and galleries is composed of frames
and planks, the former of which are placed at intervals, uot
eacceding 4 fect apart, measured from center to center.

A SHATT IFRAME 1s usu:flly made square, and consists of fou
pieces.

A GALLERY FRAMT, or BRANCH FRAME, is made rectangular,
aud when put together and set up resembles a common door o1
window frame, in its appearance. Each of these last mentioned
frames also consists of four pieces, namely ONE GROUNDSILI
Tdid as a slecper, two sSTANCHIONS, and ONE CAPSILL.

Iu a gallery or branch, there are ROOFING PLANKS to covel
the top, extending from one frame to the other, AND SIDE PLANKS
to le the sides of the excavation. The latter may often be dis-
pensed with, but it is always prudent to use the former, cven in
stifl’ soil ; excepting however sound chalk, and other substances,
which local experience may have proved to be capable of standing
without support* The roofing planks and side planks are some-
tincs called, by miners, THE TOP SHEETING, AND SIDE
SHEETING.

The sides of shafts must also be secured by planks, extending
from frame to frame.

Miners, employed in digging a shaft, are said to be SINKING it,
whilst the term “ pRIVING” is applied to the formation of a gal-
lery or branch ; and the advanced extremity of any gallery or branch,
where the men are at work, is called THE HEAD OF THE MINE.

® A figurc nearly resembling a gothic arch, that is to say, an arch com-
pused of two segments of a circle, intersecting cach other at the cfown, is
the best adapted for the section of an unsupportcd gallery.
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In excavating the galleries of countermines, for the purpose of
reveting them, frames and planks or sheeting must alse be used, in
the first instance, before the arches are built. These should not,
however, resemble the rectangular frames, &c. of the temporary
mines, before described, but should be made and put together,
according to the system used, in tunnelling, in civil works; and
the excavation should never be pushed on, more than G or 8 feet
beyond the masonry.

After driving a gallery to a certain extent, which varies
according to circumstances, but seldom exceeds 80 or 90 feet,
at the utmost; the air will become bad, so that lights will no
longer burn, and it will be impossible for the miners to continue
their work, unless shafts or air-holes are picrced through the roef
of the gallery, to produce a proper ventilation. But as external
apertures of the above nature might be inconvenient and preju-
dicial, in subterraneous warfare, by affording an opportunity to
the enemy of destroying or injuring the gallery, other means must
generally be resorted to.

For this purpose A VENTILATOR must be placed, at or near the
shaft, or entrance of the gallery, by means of which atmospheric
air must be constantly impelled, through proper pipes, to the very
extremity or head of the mine, as long as men are at work there.
This precaution being takeu, a gallery may be driven to any
required extent, without the least difficulty ; and after any explosion,
the smoke, which makes it necessary for men to abandon the
gallery, for a certain time, may be drawn off much more speedily,
by the same process.

Various expedients may be used for throwing air into a mine, as
for instance, any species of forcing pump, winnowing machine,
&c. but in common cases, a pair of large forge bellows forms by
far the simplest aud best kind of ventilator that can Le adopted.
THe gir PiPES should not on any account be pliant, and there-
fore metal pipes in joints are preferable to leathern hose, which
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have also sometimes been used for the same purpose, and which,
unless stiffened by hoops, placed internally at very small intervals
apart, are constantly getting out of order.

Before we conclude the subject of mining, it is proper to
observe, that a mine on a very small scale is usually styled

UGASS.

Fougasses@re chiefly used in the defence of intrenchments or
field works. Their line of least resistance is usually from 4 to 6
and not exceeding 8 feet. They arc generally formed, not by
subterraneous excavation, but by merely sinking trenches, for*
receiving the charge and train, which after these are laid, are
immediately filled up again.* )

In subteiraneous warfare, a fougass also implies an undercharged
mine, used by the besieged, which without producing any external
crater, or considerable apparent effect at the surface, is intended
solely for the purpose of interrupting the operations of the enemy’s
miners, by blowing in the sides of their galleries and branches,
whilst in a state of progress. A fougass, applied to this particular
purpose, is also called A sTIPLER.

A kind of fougass may be formed, for the defence of rocky
positions, by excavating in the rock itself, in any convenient
situation, a cylindrical cavity, with a smaller chamber at the
bottom, about 3 or 4 feet deep, and from 1 to 1} foot in diameter,
the axis of which should be inclined, at an angle of about 45° with
the horizon, in the direction by which an enemy must advance. A
charge of powder being placed at the bottom of this cavity, the
remainder of it is filled with stones, which, on firing the powder

* The same mode must be adopted, in constructing permanent galleries,
in soil consisting entirely of very fine loose sand, which it is lmposslble to
do, by subterraneous excavation: and in other cascs, even when the !atter
method is not absolutely impracticable, the former ypay sometimes be the
most economical, aud thereforc the best.
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by a train, in the usual mauner, will be thrown out with great
violence, in the direction of the axis of the cyvlder, in the same
maaner, and with the same efluct nearly, as if they had been fired
from a common mortar. And for this roason, the contrivance,
which has just been described, is called A Rock MoRTAR®

It is to be observed, that a similar effect may take place, uu(lvr
cenam circumstances, even in a conunon miue. H' on oune p:u-
" ticular side of the chamber of a loaded mine, for cxample, there
were a great quantity of stones, either purposcly placed thare by
" the miners, or naturally intermnixed with the orizinal soil, wlilst ou
all other sides there was fine carth only; them, in the event of
explosion, a shower of stones would he thrown out with great
violence in one direction ouly, by the fall of which persons mgi.
be Lilled or wounded, whilst those who stood at an equal distance,
in other directions, would be cxposed to little or no injury.

When a great quantity of gunpowder is brought up close to an
enemy, for the purposes of destruction, not by a subterraneous
excavation, but by means of a vessel, in operating upon the
water, or by mcans of waggons or other vehicles, in acting by
land, the apparatus thus employed, is termed AN INFERNAL

MACHINE.
When a quantity of powder is so secured, as 0 act either under

water or very near the surface, iu order to destroy a ship, floating

_ ® Rock mortars have been formed in Gibraltar, Minorca, and Malta.
1In the latter island, we fircd one, by way of experiment, with a charge of
901bs. of gunpowder, which covered a great part of St. Julian’s cove, at tho
head of which the mortar was ¢xcavated, by a shower of stunes. The rock,
being of a soft nature, was so much injured by the explosion, that two more
rounds would probably have rendered it unserviceable. Rock mortars,
gererally speaking, are not to be recommended; but it fs right tbat the
mature of them should be understoond, for in certain cascs thcy miglt
mot be altogether useless.
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biidge, boom, &c. the apparatus employed for this purpose,
which is stowed away in a small compass, so as not to attract
observation, aud is sent forward by surprise, if possible, is styled

A TORPEDO.

Having now sufficiently described the nature of subterraneous
fortification, and of military mines in general, we shall return to
the consideration of such upper works, as have not yet been

explained.

CIIAP. XX.

OF OUTWORKS, ADVANCED WORKS, AND
DETACHED WORKS.

I have hitherto only described the tenail and ravelin, in addition
to which, various other outworks, advanced works, and detached
worhs, are used in fortification, somie of which shall now be
explamed. It is proper, however, previously, for the sake of pre-
cision, to point out the distinction between the various kinds of
worhs, which have just been enumerated.

The term, ovtTwork, mmplies any woik, which is constructed
within the humts of the general covered way and glacis of a fortress.

A~ apvancrep work imphies a work, constructed beyond tke
covered way and glacis of a fortress, but cither near to the foot of
the glacis, or at a moderate distance from it, that is to say, not
exceeding 250 yards, or thercabouts.  Counsequently such a work
lies under the protection of the fire of the fortress, from which it
may derive great support, in the event of an attack.

A DETACULD WORK signifies one, which is constiucted at a
considerable distance beyond the glacis, as for instance at the
distance of about 800 yards, or more ; so that, when attached, it
camnot derive any very effectual support from the fire of the
fortress, but must depend chiefly on its own strength and resources.

YOL. 1I. V. E
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Having made these necessary definitions, we shall proceed with

our proposed subject.

A COVERPORT is a very small work, erected immediately before
a gateway, in order to screenit, in any form judged the most
convenient for that purpose.

A COUNTERGUARD is a moie extensive outwork, usually con-
sisting of two faces only, constructed in front of some other woik,
of greater importance, which it is intended to cover.

Draw two faces, fouming a salient angle, to 7 ,\‘
represent the faces of a counterguard. ' T
Draw two other lines, at a small distance in AL
rear, parallel and nearly cqual to the former, 10 ////l o
represent the reverse of vour counterguamd. d AN
Draw the two extremities of your counterguaid, ~

e

by connecting the ends of the two scts of parallel
lines, which compose your figurc. N %
Your counterguard is now complete.
A counterguard may be placed, either in front of a bastion or of
a ravelin.
Draw two bastions, connected
by a curtain, in order to repre- 1/\
sent part of the main inclosure
of a fortress. Draw also a rave-
lin, in the usual manner.

Draw threc counterguards, A
similar to that which you have P .

already drawn; two of which /\\\7<>V \\
you will place before your two

bastions, the third in front of

your ravelin: and let the faces of these counterguards be parallel
to those of the bastions and ravelin, or nearly so.
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Beyond the counterguards are ditches, communicating with the
main ditch, after which comes the covered way and glacis, as usual.

~
Complete the form of these / N

ditches, by drawing the counter- /\ Aﬁ /\

scarp lmes of your present '

figure.

Counterguards are also sometimes called covERFACES, from
their situation and object; but the former term is the most
common.

Counterguards are usually made very narrow, allowing barely
space enough for guns n their terieplemn. This is done in order
that an encmy, after taking these works, may not have room for
formmg comvenient lodgements and batteries, in the interior of
them.

Counterguards are seldom placed before ravelins, except with a
view of nrproving ancient fortresses whose ravelins are considercd
too small,  When the ravelin is large, the addition of a counter-
guard i froat of 1t is not considered advisable.

If the three counterguards, -represented in our present figure,
were altered by producing their adjoining extremities, until they
met cach other, without leaving any intcrmediate ditches; they
would then constitute, what is called, a continued counterguard.
This constiuction being exceedingly simple, it has not been judged
nccessary to give any figure, for the purpose of exemplifying it.

A CONTINUED COUNTERGUARD, when carried round to any
considerable extent in front of a fortified inclosure, is also styled
AN ENVELOPE, OR AN ADVANCED INCLOSURE, without any
reference to its general form, which may ecither be parallel to the
outline of the principal works immediately in rear of it, or not.
The suburb called the Floriana, in Malta, is fortified with a double
inclosure, in this manner.

EE¢S
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Rub out your counterguards,

and their counterscarp, leaving  ,~__/ <>
only the two bastions and rave- / ,/ U
lin; and draw a new counterscarp (
in frout of them.
Sometimes an outwork, consisting of one long and one short

face, is placed on each side of the raveln of a fiont of forti-
fication. Outworks of this kind are culled TENAILLONS.

From the middle of each face
of the demibastions of your front
of fortification, draw perpendicu-
lars towards the country; and
produce the faces of your ravelin,
outwards, until they meet the said

perpendiculars.

Rub out those parts of the
above perpendiculars and pro-
duced faces, which cross the

ditches of your figure.

The remaining lines will represent the faces of your two
tenaillons; one of which works covers the right face of the
ravelin, whilst the other covers the left face of it

Draw the ditches of your tenail-
Ions, in the usual manner ; making
them equal in breadth to that of
the rgvelin; which being done,
rub out those parts of the counter-
scarp of your present figure, that |\
will become superfluous.

TrxatLLoNs usually have cuts formed across them to serve as
retrenchments, in case the cnemy should storm these works near

the salient angle.
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Draw a cut in each tenaillon,

perpendicularly across it, or nearly 4’3 0
so, terminating near the middle of —_ O \;
e

the long face.

Z

;

Draw also the ditches of these \/
cuts.

Sometimes, instead of covering the whole of the two faces of a
ravelin, tenaillons have been made smaller, so as to cover only
about oue half of them.

Rub out the advanced parts of
vour two tenaillons; leaving only

that pait, of cach of them, which /_\//‘\/\ 6\
. . 4 \// \\
is in 1ear of the cuts. . /\ ~
. /
Rub out also the corresponding - \ .
\
parts of the counterscarp of your
figure.
Small tenaillons now remain, which being only about half the
size of vour former ones, we called DEMITENAILLONS or half

tenaillous.
Complete the imperfect parts S~
of the ditches of your demitenail- - ,\'1_\> \,X\/\
] 3 ' |
lons, and ravelm, in the usual L /\
manner,

‘The demitenaillons are not considered good works in proportion
to their expense, because they leave the ravclin too much exposed.

In order to 1emedy this defect, in places fortified with demi-
tenaillons, it has been usual to add a small counterguard, in front
of the salient angle of the ravelin.

Yrom the middle of each short N

face of your demitenaillons, draw S
ight t ds or rards t ST /\\3
right lines outwards or towards the S~ g

country, parallel to the faces of /
your ravelin or nearly so, \
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Rub out those parts of the said AN
parallels, which cross the ditches of NGINENY
. . . I N AT

the demitenaillons; and the remain- A~ N
. . [ - /\ \
ing parts of them will represent \ , \
the faces of your counterguard:
the form of which is now complete, in every thing excepting its

ditch.

/. \
. /. AN
Draw the ditch of your small NOREER R
- RN -
counterguard in the usual manner; - ~ L RANEN
. ~—— N\
. . . ~ / N
and rub out superfluous lines. / . / N

A small counterguard of this description, which does not cover
the whole of the faces, but only the salient angle, of a ravelin or
other work, is called A BONNET.

In your present figure, vou may sec clemly exemphified the
manper in which various works may flank cach other.

The bonnet, which is the most advanced work, is flanked by the
short faces of the two demutenaillons:

The short faces of the demitenaillons are flanked Dy the
ravelin :

And the ravelin itself 1s flanked by the bastion, as was before
explained.

The system of outworks, represented in vour present figure, has
been formerly used in some fortresses in the Netherlands ; but is
not at-present considered good.

The largest kind of outworks, in use, are called hornwotks, and
crownworks, tvhich shall next be described.

A norRNWORK consists of one front of fortification and twa
wings.
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Draw four bastions,
Joined by curtains, to
represent part of the main
inclosure of a fortress.
Draw also the counter-
scarps of the same.

Before the center cur-
tain of vour figure, at some
distance fiom it, draw a
detached front of foruifica-
tion, to represent part of
the proposed hornwork,

From the two extremi-
ties of this detached front,
diaw two right lines, ex-
tending as far as the coun-
terscarp.

the outline of which is now complete.

ik

423

N

N\
{ %\

o

The last drawn lines form THE WINGS OF THE HORNWORK,

A hornwork may have a ravelin in front of it. It has also its
ditches, communicating with those of the body of the place;
beyond which it may have its covered way and glacis.

These details may casily be understood.

We shall therefore

only add a ravelin and ditches to our present hornwork.

You will make the above
additions to your figure,
accordingly; and rub out
that part of the original
connterscarp, which will
become superfluous, after
the ditches of the hornwork
are drawn.

=

S
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Rub out your horawork, _/
and restore the body of the | [-— -\
place to its original state. / N

This being done, we shall next proceed to draw a crownwork.
A crROWNWORK consists of two fionts of fortification and twe

wings,

Before the center curtain

of your present figure, at /"\_/"‘

some distance from it, draw ./ 3’/\\ (//\

two fronts of fortification. / [\ 1\/—\
>

\ /
y AN
3 1t c - ;
From the extremities of N
this detached part of your N P
N » T~ . L
figure, draw two wings, ST N
extending as far as the // T LT
T ~ .
counterscarp. ! 2 \
)

The crownwork may also have a ravelin before cach front of it,
such as you drew to your hornwork ; and it has its ditches, covered

way, and glacis.

As the nature of the rave- \\:7;‘“
lins, &c. may easily be un- \\ =~ / /
derstood, you will draw the NS //
ditches of your crownwork - - (/ \\___
only. = e k/"> \‘

~

The wines of the horn and crown. oiks, which we have hitherto
-] t
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drawn, are directed upon, and flanked by, the bastions of the body
of the pluce.

This 1s not however always done, the wings of these works being
sometimes directed, not on the body of the place, but on ravelins

or other outworks.

To exemplify this last described method, rub out the wings of

your crownwork, with their ditches,

Diaw ravelins to that part
of vour figzme, which repre-
sents a portion of the body

of the place; and draw also N <>
the ditches of these ravelins. [-/Mj

This being done, and the front of your crowfwork still remain-
ing as hefore; draw new wiugs to it, in the direction of the inward

left wing of your crown-
work, in the direction of
the right face of your left
raveling and draw the right

faces of the two extreme ravelins of your figure.

That is to say, draw the

g

wing of your crownwoih,
in the direction of the left o\
face of your right ravelin: > A
and complcte your figure,
by drawing the ditches of [\/(\\_//\\/_l

these new wings, in the
usual manner.

Hornworks and crownworks have been distinguished by different
names, according to the relative direction of their wings.
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For instance, when the two wings of these works are parallel to
each other, they are called parallel-sided.

The first homwork, which I drew, was therefore A PARALLEL-
SIDED HORNWORK.

When the wings diverge towards the rear, so as to become
more and more distant from each other, the farther they are pro-
duced backwards, then the work is said to be diverging.

For instance, the crownwork in our present figure is A
DIVERGING CROWNWORK, as you may observe by inspecting
the direction of the wings.

On the contrary, when the wings converge towards the rear, so
that if produced in that direction, they would mcet in an angle,
somewhere towards the interior of the fortress; then the work is
said to be converging.

For instance, tig first crownwork, which we drew, whose wings
were directed upon the faces of two bastions, was A CONVERGING
CROWNWORK.

Horn and crownworks are sometimes advanced beyond the
glacis of a fortress.

We shall change our present crownwork into AN ADVANCED
CROWNWORK. .

Rub out ahout one half /\J\ L/”\
of each wing of your crown- !
work, namely that half of
each, which is nearest to
the body of the place.

Rub out also the oppo-
site counterscarps.
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Connect the extremitics
of the wings, after thus
reducing them, by a right
lice ; which being doue, the
outline of your advanced
crownwork will be com-
plete.

The entrance of an advanced work is usually made near the
center of the goige or reverse of the work ; which should be of
a respectable height, and reveted, in order to prevent an cnepy
from penetrating there.  The reverse of such works, particularly
when extensive, is not always laid out in one continued right line,
as Is represented in our present figure, but may be formed in any
other mode judged convenient; as for example, with small flanks
like u fiont of fortification. It may be crowned by a crenneled
brick wall for musquetry, and may be strengthened by palisades,
fiaises, &c. if nceessary ; but should not, on any account, have a
proper cannon proof parapet, because this, if constructed in the
reverse of any advanced work, would be prejudicial to the defence
of a fortress, by affording complete protection to the besieger’s
troops, after taking the said work, against the fire of the main

inclosure.

The communication to an advanced crownwork may be formed,
either by extending backwards the brauches of the covered way of
its two wings, until they unite with the main covered way of the
fortress; or by means of a traversed caponier, cut through the
glacis of the fortress, and leading from thence to the reverse of the
crownwork, in a manner which shall hereafter be explained. A
subterraneous gallery may likewise be used, for the same purpose,
particularly if the distance beyond the glacis is inconsiderable.
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Our present crownwork has only one bastion and two demi-
bastions. If a work, sumilar to it in other respects, were con-
structed, but of so much greater cxtent, as to require two central
bastions instead of one, then this new work would be called a
double crownwork.

On another part of your
paper, draw a shetch of a M
DOUBLE CROWNWORK; and \/7
let the wings of this double \
crownwork be conveiging, in oider to exemplify the last definition,
a sccond time.

JAf a work similar to the above were constructed with demibas-

tions and wings, at its extremities, but with three central bastions
ostead of two, then it would be called A 1TRIPLE CROWNWORK.

.
To recapitulate : therc are three kinds of horn and crownworks.
1st. Those whose wings terminate unon, and arc flanked by the

faces of the bastions of the main inclosure: these are rechoned

the worst.

2dly. Those whose wings terminate in the 1avelins or outworks
situated beyond the main ditch : these are rechoned better than
the former.

Sdly. Those which are advanced beyond the foot of the glacis.
This last kind are rechoned the best, provided that their gorges are
well secured.

The 1easons, which have been assigned for this pieference, are

_as follows.

When, according to the first supposition, the wings of the above
works terminate upon bastions, the ditches of the said wings will
form openings, by mcaus of which the faces of these bastions are
exposed to be breached, as soon as an enemy shall have effected
his lodgement, and established batteries, on the crest of the glacis
of the horn or crownwork. Thus the body of the place inay be
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laid open to an assault, at an carly period of the siege, which must
of course be a great disadvantage.

On the other hand, if, according to the second supposition, the
wings arc directed upon ravelins, then the fuces of these ravelins
will of course be exposed to be breached, by means of similar
openings, at the same period of the siege, and under the same
citcumstances, before alluded to.  'This, although disadvantageous
to the defeuce, will be less so than the former case.* But if,
according to the third supposition, a horn o1 crownwork s advanced
beyond the glacis, then the possession of such a work will not
afford to the besiegers, any means of bieaching either the ravelins.
or bastions of the main inclosure, they being completely covered
by the intervening glacis, n which no openings are formed, when
this construction 1s followed.

Horn and crownworks have generally been added to a fortress,
for the purpose of occupying some important piece of ground,
which either fiom motives of economy or from other circum-
stauces, was not wmcluded within the limits of the original plan.
The eaterior sides of these worhs were, in former times, usually
made much shorter than those of the body of the place; but
reccatly, it has been judged best to make them equal, in length, to
the latter, or nearly so.  The interior of horn or crownworks may
be retrenched to advantage, in a varicty of different ways, as may
casily Le conceived; but having said so much upon the subject of
retrenchments in a foumer chapter, it would be supeifluous to give
any new examples here.

* In like manner, between the counterguards of the bastions and ravelin
represented in the 6th figure of this chapter (See page 410), openings are
formed, whercby the faces of the ravelin may be breached fromn the crest
of the glacis. This is a much hetter disposition of the above counter-
guards, than if they had been so constructed, as to leave openings exposing
the faces (not of the ravelins, but) of the bastions.
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A kind of crownwork may also be constructed without wings :
that is to say, the demibastions, forming its right and left extremities,
may be closely conuected with, or attached to, the ditches of the
body of the place, whilst the central fronts of it may be wore

advanced.
Draw five fronts of fortification, in outline, with ravelins and

counterscarps, to represent part of a 1egular fortress.

With any convenient radius, draw an arc of a circle, between the
salient angles of your second and fourth 1avelins ; let the nuddle
part of it extend outwards, bevond the proper position for the glacis
of your figure; and dot the said arc.

Upon this arc, mark two points, a little beyond the counterscarp
of the above ravelins ; divide the space between these points into
three equal parts : and conuect them by right lines.

These three right lines may represent the exterior sides of a
polygon to be regularly fortified : draw three fronts of fortification
accordingly, which being done, rub out the said lines as well as

your original arc.




BROKEN CROWNWORKS. 431

The form of a double crownwork now remains. Connect the
extremities of it to the counterscarp of the nearest ravelins by
short faces: and draw the ditches of the new work, thus formed,
in the usual manner.

A double crownwork without wings, attached ta the body of the
place ncar each of its extremities, in the manner represented in.
our piesent figure, 1s called AN ATTACHED DOUBLE CROWN-
WORK.

Instead of constructing a continued crownwork, such as any of
those which have been above described, for the purpose of forti-
fymg an advanced position, it may sometimes be occupied to equal
advamntage, by a chain of detached works, not unlike a common
crownwork in their general form, and of the same extent nearly.

This mcthod may be understood, by supposing three or four
detached luncttes to be constructed, of about the same size, and at
the same intervals apart, as regular bastions. These may be
secured in front, by a general ditch, covered way, and glacis: but
they are not to be connected by any continued curtains. Interme-
diate tenails, or low curtains, separated from the flanks of the
adjoining lunettes by a ditch, may however be used.

When three detached lunettes, connected as above described, are
employed for the purpose of occupying any advanced spot of
ground, the line of defence, thus formed, is called A BROKEN
CROWNWORK. If two lunettes only of the above description
are used, they will form what is called A BROKEN HORNWORK :
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but if four are used, they will constitute A BROKEN DOUBLE
CROWNWORK ; and so on.

From what has just been said, it will readily be understaod, that
broken horn or crownwoiks exactly resemble the detached Dastions
and tenails, of the tower bastion system of forufication: so much
so, that in a former figure, which was drawn to exemplify that
system (See the sccond figure of page 349), if the tower bastions
and curtains of the main inclosure were rubbed out, the exact
representation of a broken double crownwork would remain.

Some authors prefer broken to continued crownworks, by 1cason,
that in the Iftter, the capture of one bastion generally gives the
enemy the command of the whole work; which effcct does not
follow when any part of a broken crowuwork is tahen.

We shall next proceed to the consideration of such advanced
works, as have not hitherto been described ; the most common of
which are fleches and luncttes.

A FLECHE is a small work consisting of two faces only.
AN
Draw a fleche. /// AN
200N

The fleche is usually placed close to the foot of the glacis, in
front of and parallel to one of the salient angles.

A lunette generally has five sides, namely two faces, two small
flanks and a gorge : consequently it nearly resembles the form of a
. bastion, or of a ravelin with flanks.

N\
Draw a lunette accordingly. / \

The lunette is also usually placed near the foot of the glacis, the
capital of it being made to correspond with the produced capital
of one of the places of arms.
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In order to exemplify the
manner, in which the works,
that have just been described,
may be situated, you will draw
two sets of parallel lines to
represent part of the glacis of a regular fortress ; and connect the
opposite angles of the figure, thus formed, by right lines, to show
the ridges and furrows.

This being done, draw a fleche, near the foot of the glacis, in
front of the center salient place of arms.

Draw also two lunettes, near /\
the foot of the glacis, in front D Q
of each of the two other salient

places of arms, represented in
your figure.

The communication to advanced works is sometimes formed by
means of galleries, and sometimes by caponiers, as was before
mentioned.

These caponiers generally lead, in a direct line, along the pro-
duced capitals of the places of arms.

Draw on a larger scale part of a glacis, with a fleche in front
of it.

This being done, rub out the ridge of the /\,\\
glacis, which is immediately in rear of your ‘
fleche ; and draw two parallel lines, in lien
of it, to represent the double parapet of
your proposed caponier.

When a caponier extends any considerable length, as is repre-
sented in our present figure, it is usual to construct traverses, at
certain intervals, to prevent it from being enfiladed. ‘

Draw therefore two rectangles, extending the whole breadth of
your caponier, or rather more, in length, in order to represent tra-

YOL. il. F F
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verses, placing the back of the retired traverse near the crest of the
glacis.

We shall suppose cach of these to be a A
disengaged traverse.

Draw a square passage, accordingly, at
each extremity of your traverses, and rub 2
out superfluous lines.

o}

The form of A CAPONIER OF COMMUNICATION, extending
across the glacis, is now complete.

Disengaged traverses, constructed in the manner represented in
our present figure, between any double parapet, are called TAM-
BOUR TRAVERSES.

It is to be remarked, that caponiers or other open communi-
cations, of a similar nature, are not always formed with tambour
traverses, although this is the most common systems  Somctimes
they may be secured against enfilade by engaged traverses, pro-
ceeding alternately from the right and left, so that the commu-
nication, thus protected, is of a serpentine form.

Engaged traverses, such as have been described, which proceed
alternately from the right and left sides of a caponier, or other
work, are called Lock TRAVERSES.

In order to exemplify this construction,

N
rub out your present caponier, and its tam- \
bour traverses; and draw a new caponier of
commuuication with lock traverses, in lien
“of it.*

* Lock traverses are seldom used in permnent works, and therefore
were introduced here, chiefly for the purpose of defining them. When
traverses are required on a road or causeway, which it is not proper to
block up entirely, these are the hest that can be used. They are also the
best adupted for securing, what is called, the double sap in a siege.
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1t is to be remarked, that one disadvantage ultimately attends all
traversed caponiers. After the advanced work, to which they lead,
is taken, they afford a ready-made communication across the glacis,
or, as it is styled in offensive operations, an approach almost
equally convenient to the besiegers.

Besides fleches, and lunettes, works called rcdans are also some-
times constructed, near the foot of the glacis of a fortress.

The term rREDAN, when applied to an independent or advanced
work, denotes one which has two faces and a gorge, and which con-
sequently differs only from a fleche, in its greater
interior capacity. The outline of AN ADVANCED
REDAN 1s as follows.

Fleches and redans, but particularly the former, usually resemble
fieldworks iu their construction : whereas lunettes are generally of
a respectable relief, and built in a permanent manner, with proper
revetments and ditches, and sometimes even with a covered way.
Countermines have likewise, in some cases, been formed in order
to strengthen them, as also crenneled counterscarp galleries, to
protect them by a reverse fire against an assault.* With respect
to the proper mode of securing the gorges of lunettes, the same
remarks apply, which were before made, in speaking of advanced
horn and crownworks.

Sometimes, but particularly in marshy sitwations, a fortress may
have an advanced ditch.

The advanced ditch is situated beyond the foot of the glacis of
the fortress.

—

* The advanced lunettes of St. Philip’s Castle, in Minorca, were seeured
in this manner; and communicated with the works of the fortress in rear
of them, by gallerios cut out of the rock.

FF®Q
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Rub out the fleche, and the
two lunettes, that you drew ip
front of your former figure,
which represented part of the
glacis of a fortress.

In front of, and parallel to,
all the lines of the foot of your
glacis, draw a second set of lines,
to represent the counterscarp of
your advanced ditch, making,
however, all the salient parts circular, according to the rule
followed in drawing the ditches of ravelins, &c.
¢ AN ADVANCED DITCH usually has also an advanced gpvered
way, and glacis, in front of it.

Draw AN ADVANCED
COVERED WAY AND
GLACIS, in front of your
present figure.

In making an advanced ditch, the interior side or reverse of it is
generally formed, by continuing the slope of the glacis ; but the
exterior side or counterscarp of it may be reveted.

To exemplify this by proper figures, you will first draw the sec-
tion of & common covered way and glacis; dotting the ground line.

- i 4/—/\

!

This being done, produce the slope of the glacis to a sufficient
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extent below the ground line, in order to show the proposed depth
of the advanced ditch.

T

From thence draw a horizontal line, outwards, to show the
breadth of the advanced ditch at bottom.

‘_‘/_rf/\ R

Construct the counterscarp revetment of your advanced ditch,
in the usual manner, beyond which you will also construct an
advanced covered way and glacis.

It was before stated, that the gorge of every advanced work is
usually reveted, in order to prevent an enemy from penetrating by
the reverse of the work. These revetments have ditches in rear of
them.

The section of the ditch, in rear of an advanced work, is gene-
rally made similar to the section of the advanced ditch in our
present figure, the reverse side of it being formed, so as to coin-
cide with the slope of the glacis produced. Provided that this rule
is attended to, an enemy, in attacking an advanced work hy the
rear, will not be covered any where against the guns of the for-
tress ; for shot, fired along the slope of the glacis, will be able
to strike him in every part of the above ditch.
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If, on the contrary, the ditch, in rear of an advanced work, were
not formed with a very gentle reverse slope, as above described,
but were either reveted, or constructed with a steep earthen slope,
on that side; then the enemy, both in attacking the work, and in
maintaining possession of it, would be screened, in the said ditch,
against the fire of the place.

It is to be observed, however, that the reverse of a small woik,
such as a lunette, &c. if constructed with a ditch, steep in rear,
yields very little cover to an enemy, in comparison with that, which
would be afforded by a large horn or crownwork, under the same
circumstances : and therefore, since ditches steep on both sides are
certainly much the strongest against an assault; it may often be
expedient to make usc of them, in reverse of the former hind of
work, although, in the latter, they might be objectionable.

A ditch, formed with a very gentle slope iu rear, is called A
HA=HA DITCH, in order to distinguish it from a common ditch,
which is steep in rear as well as in fiont. The reverse of a ha-ha
ditch, being laid out in the above described form, solely in order to
Prevent an enemy from obtaining cover; it will be obvious, that
when a ditch of this description is partly filled with water, the gentle
slope need not be continued much lower than the surface. Beueath
that level, the reverse of the ditch may either be reveted, or formed
with an earthen slope of about 1} tunes its height.

Detached works, constructed for the purpose of strengthening a
fortress, may cither consist of forts or redouts.

The term fort implies a small fortress. Thus for example, in
pofygons fortified according to the bastionary system, the square or
pentagon would be called A rorT, whilst the nouagon, dccagon,
&c. would be styled fortresscs.

A work, nearly equal in extent to the bastionary square or penta-
gon, if constructed according to the redan system, is called A
$TAR FORT.
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Any other inclosed work, which is 800 yards or upwards in
circuit, so that it is either nearly equal to, or greater, in extent,
than a common bastionary square, is also styled a fort, notwith-
standing that the outline of it may be very irregular. '

When fortified in a temporary manuer, such a work would be
called a FIELD FORT.

A redout signifies an inclosed work, usually of small extent, that
1s to say, scarcely ever exceeding $00, or, at the utmost, 400 yards,
in circuit : aud having no regular flanks, but presenting a ditch and
parapet in every direction.

It will readily be understood, that a redout, as above defined,
1s much too small a work to be capable of being applied to any
general purpose of defence, singly or independently. And there-
fore, when any piece of ground is to be fortified by redouts, they
must be distributed along the whole extent of it, at such distances
apart, as to be able to support each other, by their mutual fire,
like the adjoining bastions of a fortress. This constitutes, what is
called, A cuaIN oF REDOUTS ; and the same term is also applied
to a number of detached works, of any other description, if dis-
tributed in a similar manuer.

Redouts may either be quadrilateral, pentagonal, or in the form
of any other small polygon, regular or irregular, that is judged con-
venient.

Draw some redouts of various forms, in order to exemplify the
foregoing definitions.

SO0 D

Redouts may also be curved, in a part or in the whole of
Aheir outline; the principal object being to suit them to the
nature of the ground, when that is irregular ; and in this case, not
only their form, but also their intervals, may vary according to
circumstances.
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If, on the contrary, a piece of ground is quite regular, then the
redouts, constructed for the purpose of fortifying it, may all be
made of the same uniform figure, and placed at equal intervals
apart.

Sometimes A DOURLE CHAIN OF REDOUTS 18 used, in which
case, they are almost always chequered, that is to say, the sedouts
of the second line are placed opposite to the intervals between
those of the first line.

To exemplify this disposition, vou will draw a double chain of
quadrilateral redouts, consisting of seven in all, three of which
you will place in the advaneed line, and the remaining four in the
retired line; and let the latter be so disposed, as to flank the
salient angles or faces of the former, in the manner represcnted
by the dotted lines in the annexed figure.*

Tt is to be remarked, that when a double chain of redouts is
used, the reverse parapets of the advanced line of redouts should
only be musquet proof.

The quadrilateral form, represented in our present figure, is
often applied to redouts, constructed in regular ground, but that of
lunettes or flat bastions is also no less common, and may be con-
sidered better than the former.

It is desirable, in forming a chain of redouts, that they should not
be placed at intervals of more than from 400 to 600 yards apart ;
the former distance being preferable. In a chain of forts, which

* A double chain of advanced lunettes, in front of a glacis, has also been
recommended by some authors, the exterior line of luncttes being supposed
to be placed in the allinement of the produced capitals of the ravelins, tho
others before the bastions, of the fortress,
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require each a regular siege, the intervals, not measured from cen-
ter to center, but between the foot of the glacis of any two
adjoining forts, may without inconvenience be 1500 yards or
even more.

Redouts are in very common use in field fortification. When
applied to permanent purposes, they should be reveted and have a
respectable relief.

PERMANENT REDOCUTS are also styled CASEMATED REDOUTS,
bombproof cover being so indispensably necessary in these works,
that they are never constructed, without casemating some part of
them. They sometimes, also, have a covered way, crenneled gal-
leries, countermines, &c. and a portion of them is frequently
retrenched to serve as a keep.* The faces of permanent redouts
should be large enough, to admit of a respectable number of
heavy guns being placed in battery, otherwise such works will be
of little use : + and the same remark holds equally good, in respect
to the lunettes, which were before described.

* A loopholed tower has been recommended for that purpose, not only
in detached works, but also in advanced works, and in this latter ease it
must only he musquet proof, on the reverse side of it.’

+ As a specimen of the nature of a casemated redout, which has actually
been executed, a description of Fort Tigné in the island of Malta is added,
to the best of my recollection, for I have no accurate plan or measure-
ments of it.

This work is of a quadrilateral figure, the length of the sides not exceed-
ing 85 yards. The scarp is about 30 feet high, and casemated, with loop-
holes, for firing into the ditch. The parapets are of the soft frec stone
peculiar to Malta, and are pierced with cmbrasures for cannon, at rather

‘z:ore than the usual intervals apart, covered over at top, interiorly, with

ge ‘stones, and baving intermediato banquettes formed with steps of
masonry. In the direction of the capital of the work, which presents a
salient angle towards the country, there is a casemated barrack, equal in
beight to the terrepleins, with which it communicates, and having loopholes
for musquetry on each side of it. Immecdiatcly in rear of this, that is te
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A chain of redouts or other detached works may be connected
by a continued covered way, which in this case is not supposed to
be always kept completely manned, so as to resist an attack by
main force, like that of a regular fortress ; and therefore is neither
reveted in front, nor palisaded, being merely intended to afford a
secure communication, between the various detached works, so
long as the enemy is employed in erecting his batteries, or in
other distant operations, preparatory to an actual assault.

A chain of detached forts, redouts, &c. is peculiarly well calcu-
lated for the purpose of keeping an enemy at such a distance
from a fortified dockyard, or great arsenal, as to render it imprac-
“ticable for him to destroy the public buildings and stores, by bom-
bardment ; an object, which otherwise might be carried into effect,
in a very short time after an unexpected disembarkation, even in
the face of the strongest fortress. For it may easily be understood,
that although the reduction of the various works of a well con-

say, in the reverse angle of the redout, there is a round tower, serving as a
keep, which is about 35 feet high, and 60 feet in diameter. 1t is built with
two stories, and has two tiers of loopholes, pierced in its exterior walls,
which are ahout 4 feet 6 inches thick. It has a terrace, and stone parapet
at top, to which there is 2 communication by means of winding staircases.
The entrance to the tower is by a drawhridge. A palisaded caponier, in
rear of it, leads at a short distance to the harbour of Marsamuscet, beyond
which this redout is situated, as an advanced work to the famons fortress of
Valetta. 1t has a good ditch and reveted counterscarp, and counteimines,
proceeding from a counterscarp gallery, three portions of which, namely
these which are near the advanced anglcs of the redout, project backwards
into the ditch, being made more spacious than the rest of it, and are con-
structed with loopholes, to produce a reverse and flanking fire of musquetry,
as also with airholes, at certain intervals, to carry off the smoke in firing.
These galleries, as well as the countermines, are counuected with the
jnterior of the redout, by communication galleries, snuk beneath the level
of the ditch. There is a kind of covered way, not continued all round in
the usual manuer, but in three portions only, which are over the principal
crenneled galieries of the counterscarp; beyond which follows the glacis.
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structed and well defended fortress, by a regular siege, is an
enterprise of great labour, hazard, and difficulty, and not to be
accomplished under a certain number of weeks, or even months ;
yet, if there are no detached works to cover it, the mere process
of firlng a vast number of shells, red hot shot, and rockets, iuto
the interior of it, which must necessarily destroy every thing com-
bustible that they meet with, may be performed in a few days, and
with little or no risk ou the part of the assailants. An enemy,
who may not have the means of regularly besieging a fortified naval
arsenal, nor the power of maintaining permanent possession of it,
should it from any circumstances fall into his hands, may therefore
often be tempted to embrace an opportunity of suddenly destroying
such an establishment, by bombardment, when he knows that it is
destitute of an exterior chain of defensive works.*

CHAP. XXI.

OF THE MODE OF DEFILADING COMMANDED WORKS.—
THE NATURE AND USE OF MORQELLING PLANS EX-
PLAINED.

In choosing a situation for a fortress, it is always desirable, that
no part of the ground, which is to be occupied thereby, should be
commanded by any higher ground, within the distance of about
1000 yards from the proposed works. This, however, is not
always practicable; for cities, harbours, passes, &c. may be of
such great importance, in a general view, to the defence of a state,
as to render it absolutely necessary, that they should be fortified,
although commanded, on one or more sides, by exterior heights.

;“Those works of a fortress, which have higher ground in front of
them, are not liable to be much more injured by a direct fire of
cannon, than if they were not so commanded: but from the
angular form which is given to all the outlines, in modern fortificas
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tion, if the commanding exterior heights are of any considerable
extent, it will be obvious, that some part of the faces of the various
works cannot fail to be exposed to an enfilading or reverse fire of
artillery from thence; and when such is. the case, a commanded
work labours under a very great disadvantage.

To exemplify this by a figure, draw a horizoutal line, A B,
upon which, asea ground line, construct the sections of the two
opposite faces of a reveted quadnlateral redout, and on one side
only, namely that which is towards the right of your ground line,
construct a ditch, covered way, and glacis, also in section, in the
usual manner.

Let the two faces of the redout, which are seen in section, be of
the same profile and rclief : mark the crest of the parapet of the
right face by the numeral figure, 1, and that of the left face by the
numeral figure, 2.  Counect these points by a right line: connect
also, in like manner, those two points in each section, which repre-
sent the foot of the interior slope of the parapet; and dot the
superfluous parts of your original ground line.

This being done, yoys figure will show, not only the sections of
two opposite faces or sides of the redout, but also the elevation of
one of the other adjoining sides of it, of which the line, compre-
hended between the points, 1 and ¢, represents the extent of the
interior crest of the parapet.

Let us suppose, that the work, which we have just drawn, is
pitusted at the foot of a commanding height. In order to exem-
plify this circumstance, from the point, B, beyond the foot of your
glacis, draw a line, B C, to represent the section of the height,
in outline ; and from the highest point, C, drop a vertical Lin:
C D, meeting the horizontal line, A B, produced, in order to show
the superiority, or difference of level, of the commanding ground.

"This being done, from the point, C, draw a right line, C 1, and
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produce it, until it meets the level of the terreplein of the redout in
the point, s.

The dotted lines, C 2, s 4, 13, and 2 4, have been added to
the figure, although not specified ir the foregoing directions, for
a reason which shall hereafter be expluined.

By inspecting the figure, it will now appear, that a shot fired
from a gun, placed in battery on the commanding height at C,
with a full charge of powder, and with just sufficient elevation to
clear the nearest point, 1, of the crest of the parapet of the redout,
will plunge into the terreplein of the enfiladed face, 1 2, which is
seen in elevation, somewhere near the point, s.

Consequently, as troops posted on the terreplein of the face of
any worh, so enfiladed, could derive no protection whatever from
the parapets, excepting in a certain portion of the extent only; it
follows, that they would neither be able to line the banquettes, nor
to stand to their guns, but must, in a short time, abandon the
exposed parts of these enfiladed faces, entirely, in order to shelter
themselves from the destructive effects of the enemy’s artillery.

The rear face of the redout, represented in our present figure,
the crest of the parapet of which is marked by the figure 2, is still
more exposed ; there being no part whatever of the terreplein of
it, which is not completely seen into, in reverse, from the artillery,
‘$upposed to be placed on the commanding height, C.

In short, in no face whatever of the redout, are the men posted
on the terreplein properly protected, excepting in the advanced
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face of it, the crest of the parapet of which is denoted by the
figure, 1; and the superior security, which this face therefore
possesses, in comparison with other parts of the redout, proceeds
entirely from the circumstance, of its being exposed to a direct
fire, only.

When the face of any work can be completely plunged into by
an enfilading fire from a commanding height, like the face, 12,
in our present figure, it will be evident, that nothing but the con-
struction of a certain number of high traverses, at proper intervals,
can give a due security to the men posted upon the terreplein of
the said face.

But when it is entirely seen into, in reverse, like the rear fice of
our redout, then traverses will be ineffectual, and the only mode
of securing the men posted there, will be to cover them by a second
parapet, of proper height and thickness, constructed upon the
rear of the terreplein; so that in working their guus, they will be
posted between two parapets, as in a caponier.

A parapet, constructed in rear of any work, for the special
purpose, which has just been stated, of covering men against a
reverse fire, is called A BACK SCREEN OR PARADOS.

L]
It is next to be observed, that a work, equal to our present

redout in extent, and placed at an equal distance, from a height
equally commanding, may not always be liable to be plunged into,
in the same very disadvantageous manner.
. 'To exemplify this remark by a new figure, draw a right line,
E F G, to represent the side of a range of high ground, rising
gradually in a regular inclined plane, and let the latter pot, G,
have the same commaud, G H, and at the same distance, oves,
E H, the level of the point, E, which the commanding point, C,
had over, A, in your former figure.

This being done, on the space, E F, construct the section of a
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work, nearly similar to that, which was constructed on the space, A B,
in your former figure; giviug to the revetments, parapets, &c. the
same thickness, and to the terrepleins and interior area, as well as to
the ditch, covered way, and glacis, the same breadth : give to every
part of your new worh also the same vertical relief above, or the
same vertical depth below, the line, E F, which the corresponding
parts of your former work had in respect to the line, A B. In
short, the only difference in the profiles of your two redouts will
be, that the profile of the first was constructed according to a
horizontal ground line, whilst that of the second is laid out
according to an oblique ground line.

You will next dot those parts of the line, ET, which will
become superfluous, after your redout i1s drawn. Mark the crest
of the f)arapet of the advanced face, by the numeral figure, 5,
and that of the retired face, by the numeral figure, 6 ; and from the
commanding point, G, draw a line, G 5, which you will produce
to the point, s.

It will now be evident, from inspecting your present figure, that
a shot fired fiom a gun, placed in battery on the commanding
height at, G, with a full charge of powder, and with just sufficient
elevation to clear the nearest point, 5, of the parapets of the
redout, will not be able to plunge into any part of the terrepleins
vihatever, either by an enfilading or reverse fire, but will go clear
over the whole work m the direction, s. Consequently, in our
present redout, men will be properly covered by the parapets,
throughout every part of it.
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When the reliefs of any face of a woik, such as, 5 6, of our
prescut figure, are so regulated, that, although commanded, it
cannot be seen into, it is called a defiladed face ; and the right line,
5 6, which marks the crest of the parapet of it, is called A DEFI-
LADED LINE.

The right line, G 55, drawn from the commanding height,
through the highest point of the ncarest part of the commanded
work, is called THE LINE OF DEFILADE; because every other
more distant part of the work, which is beneath that level, will be
defiladed, or covered against a plunging fire : whereas, if any
of the other paits were above that level, they would be seen into.

By comparing attentively the two figures, which you have last
drawn, it will appear evident, that the great advantage, which our
present redout has in not being plunged into, like the former, arises
entirely from the circumstance, of its profiles being coustructed, not
according to a horizontal ground line but an oblique one.

The ground line of a section, being the most useful line in
determining the various reliefs of any proposed works, is also
styled the regulating line.

In the former chapters of this book, we have invariably supposed
the surface of the ground, on which any work was situated, to be
an uniform horizontal plane, so that the natural level of the ground
formed also the most convenient regulating line, for the purposes of
construction.

It will, however, be readily understood, that if the ground, on
which any work was about to be built, although generally
speaking nearly horizontal, were found to have various inequalities,
rising in some parts and falling in, others, above the mean level;
then the.outline of the natural surface, being of a curved irregular
form, would be entirely unsuitable for THE REGULATING LINE
oF A sEcTioN. It would consequently be necessary to assume
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the mean level of the ground, instead of its actual outline, for the
purpose in view. .

In like manucr, when the ground, upon which any proposed
work is to be built, slopes according to an inclined plane of uni-
form rise; it may often be convenient to use THE NATURAL
GROUND LINE, as the regulating line of a section, according to
the system followed in drawing our last figure: but when the
surface is not only oblique to the horizon, in its general direction,
but is also broken and irregular in its outline ; then A CORRECTED
GROUND LINE must necessarily be used in lieu of it.

And even when the surface is perfectly regular, the same expe-
dient may often be nccessary, as was proved by the first redout

" that we drew, in which a great part of the interior of the work is
completely plunged into.

This was entirely occasioned by using the natural horizontal
surface, for the regulating line of the profiles of that redout;
instead of assuming a corrected ground liue in an oblique direction,
in lieu of it, for the same purpose; which, if it had been done
Jjudiciously, might have given the various faces a proper defilade,
like those of our last figure.

It is to be observed, that in choosing a corrected ground line, it
is always desirable, that it should vary as little from the mean level
or outline of the natural surface, as circumstances will permit.

But before a corrected ground line, or regulating line, can conve-
niently be chosen, for the purpose of planning the reliefs of a
commanded work, a defiladed line must first be found, passing at
a certain height above the surface, in order to determine the com-
parative levels of the various parapets, in such a manuer, that no
part of the terrepleins shall be plunged into. This being done, the
regulating line must be drawn parallel to the above line of defilade,
at any convenient distance below it, taking care, however, to‘adhere

VOL. II. ¢«
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to the rule, which was just before stated, in respect to its general
level or outlme.

To exemplify this remark, by referring once more to our first
section, (see the figure in page 445) it will be evident, that the
dotted lines, 32, and 14, are both defiladed lines. Conscquently
if the crest of the parapet, 1, were raised to the level, 3, those
faces of the redout, which are at present exposed both to an
enfilading and reverse fire, would no longer be scen into.  If such,
therefore, were rechoned a proper height, then a regulating line
might be chosen at any convenient distance below it, as for
example at the distance of 20 feet, measured vertically; which
being accordingly drawn parallel to 5 2, at the above interval, the
relief of the glacis, and the depth of the ditches, might be deter-
mined thereby, in the usual mauner.

Again, if instead of raising the advanced parapet, 1, the retired
parapet, 2, were lowered to the level of the point, 3, then the same
effect of defilading the various faces would be obtained, and a
regulatiug line might also be found, in a similar manner.

If on the other hand it were judged better to adopt a medium
height instead of either of the lines, 52, or 1 4; then the advanced
parapet, 1, might be raised half way up to the point, 3, and the
retired parapet, 2, might be lowered half way down to the point,
4. This also would defilade the faces of the redout, and by using
this method, the works would be neither too elevated nor too
much depressed, so that a regulating line, more nearly agreeing
with the medium level of the original ground, would thereby be
obtained.

It may appear almost superfluous to explain, that a line in a
section may often represent a plane. Thus for example, in regu-
lar fortification on level ground, the common ground line represents
the horizontal plane, which is forined by the natural surface. And,
im like manner, when the surface is irregular, the corrected ground
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Iine, or regulating line of a section, represents what is called the
regulating ground plane of the work.

Conscquently, in speaking of the actual construction of a redout,
bastion, or other work, the terms, PLANE OF DEFILADE, DEFI-
LADED PLANE, REGULATING GROUND PLANE, Or as it some-
times is simply called REGULATING PLANE, are more commonly
used than the corresponding terns, “ line of defilade,” * defiladed
line,” and “ regulating line,” which apply more peculiaily to the
section only.

‘When a fortress is constructed opposite to a range of command-
ing heights, extending in the same uniform direction, or nearly so,
according to a right line, the faces may easily be defiladed, in the
manner which has been described; but when it is surrounded by
heights on more sides than one, then the object of defilading the
various works becomes a subject of much intricacy, which is often
not to be accomplished by any disposition of the general reliefs
whatever ; so that traverses and parados must necessarily be
resorted to.

-
_—
\

/m\\\\ i ////f'm\\\\\

For example, if we suppose the three bastions, &c. shown in the
annexed figure, to represent part of a regular fortress, commandid
by one height only, extending in a right line, upon which are two
enﬁladmg batteries, A and B, it will be evident, that the face, e d,
may be defiladed, so as uot to be plunged into from the height, u

6 G2
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by making the extremity, d, some feet lower than e: and the face,
e f, may be defiladed so as not to be plunged into from the battery
at A, by makiug the extreniity, f, also some feet lower than e;
and in like manner, any other works whatever on the low ground,
may be defiladed from any other points whatever of the above range
of heights: and if the ground at C, were lower than the situation
of the fortress, no inconvenience whatever would arise from thus
regulating the reliefs of the two faces, d e, and, e f.

But if we suppose the ground at C, also to have a considerable
command, then the point, f, by being reduced in height, for the
purpose of defilading the face, e f, from the enfilading fire of A,
will lead to the very serious disadvantage of exposing the left face
and left flank of the bastion to be plunged into, by a reverse fire,
from the battery, C: for unless the point, f, is high, it must be
evident that the point, d, cannot possibly be coveied in rear.
Hence is proved, what I before asserted, that a proper defilade,
against commanding heights, bearing upon a work in contiary
directions, is impracticable ; for the defilading of any part of the
work against the one height, will only cause 1t to be so much the
more seen into, from the other.

It is to be remarked, that when a cavalier bastion is commanded
in this peculiarly disadvantageous manner, the faces and flanks of
the cavalier may effectually serve as parados, to screen the cor-
responding parts of its inclosing bastion, against the reverse fire of
the commanding heights.

As for the cavalier itself, by reason of its smaller interior space,
a high substantial traverse, constructed nearly in the direction of its
capital, may answer the same purpose.

This kind of traverse, which is very commonly used in small
works, is called A CAPITAL TRAVERSE.

Each of Vauban’s tower bastions, for example, had a traveie of
this description.
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It was before explained, that when a fortress is situated on a
horizontal plain, the same general profile applies to all the corre-
sponding parts, and the ground lines or regulating lines of every
section, that can be taken, are all exactly on the same level, so
that two or three very simple sections will suffice & give a just
notion of the whole of the reliefs of the various works. But when
a foitress is situated on irregular ground, and is moreover com-
manded on one or more sides, so as to require the works to be de-
filaded, it must be evident, that therc can be no general profile, for
the relicfs of one front may be very different from those of another;
and the regulating lines, according to which the various works are
constructed, may also have been laid out according to very different
levels and planes.

It was stated, in treating of the principles of plan drawing, that
the nature of any work cannot be understood from a plan alone,
without sections: but when ground is so very irregular, as has just
been supposed, a multiplicity of sections, not reduced to any com-
mon level, might tend rather to confuse, than to give clear notions of
the nature of it. A kind of plan has therefore been devised, which
is capable of showing, not merely the form of the ground, as it
usually appears in common plans, but also the reliefs of the vari-
ous parts. This is done by tuhing a great number of levels, at divers
points of the ground, so as to determine the height of these poiuts
above some general or master level, assumed for the purpose,
which ought to be lower than any point actually included within
the limits of the proposed plan. Thus, for example, if the ground
to be fortified is near to the sea or to any harbour ; the ordinary
low water mark at spring tides may conveniently be chosen, as the
master level for the plan in question. Then let the height of a
sufficient number of poiuts, above that level, be accurately found,"
by a proper instrument, and marked on the plan, in feet and inches,
%0 gs to dot over the surface of it with numbers, like the soundings

, m); naval chart, and the object in view will be attained.
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_ A plan marked with levels, in the manner which bas just becn
described, is called A MODELLING PLAN,* because by reason of
its peculiar property, before mentioned, of shewing reliefs, which
a common plan does not possess, it may serve as a substitute for a
model : and indeed it is impossible to model auy tract of ground
properly, without previously taking an accurate plan of this de-
scription ; the nature of which may be better understood from the
annexed sketch. The dotted lines are supposed to 1epresent the
position of part of a proposed work of fortification.
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To explain the use of a modelling plan, as applied to the pur-

* Modeclling plans have long been in common use amongst the Irench
engineers, hut instead of choosing their master level below the surface of
the ground to be fortified, they generally seléct some point above it, for
that purpose. This appears to mo a very injudicious method, because in
a plan, so constructed, the lowest ground is invariably marked with the
lng“est number of fect, which must tend to confusion, and, in calcnlation,
may often lead to error. The mcthod given in the text, occurred to me,
when directed to draw up a project for fortifying some irrcgular ground in
Malta ; before I bad seen a modelifhg plan, or knew that such an cxpedient
had ever hefore been adopted.  One French autbor (Mr. Bousmard) agrees
in recommending, that a low master level should be assumed, contracy ta
the usnal practice of bis countryme¢n.
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poses of fortification, let us suppose, that the spot chosen for the
salient angle of a bastion of any proposed work, is marked by the
number 20. This will denote that the corresponding point on the
ground is 20 fect above the level of low water: and if within the
distauce of 800 yards measured by scale, there is no greater num-
ber than 20 to be found any where on the plan, it proves that the
said bastion will not be commanded within that distance. If on
the contrary, there should be any high number, such as 40, marked
at 800 yards, then it proves, that at that distance there is a height,
which has a command of 20 feet, over the spot on which it is pro-
posed to place the salient angle of the bastion; the parapet of
which must therefore be raised 20 feet higher than the patural
ground, in order to put it on the same level with the commanding
height.*

When the outline and reliefs of any proposed fortress are under
consideration, the modelling plan, previously drawn, should include
not only the ground which will be covered by the intended works,
but also the surrounding country, to the distance of about 1000
yards all round; which being done, the proper height and defilade
of any part of the intended works may be determined from such a

* Indrawing a sketch of the position of an army, which onght also to show
the ground in front within cannon shot; as the relative commands of the
various heights are of great importauce, it is usual to mark them by the
wumbers 1, 2, 3, &c. which, in this case, do not denote any precise dimen-
sion, but merely scrve as a scale of comparison to enable the general, for
whose use the sketch is made, to judge of the nature of the ground. Thus,
for example, if the lcast number maiked on the plan is 1, and the greater
10, it shows that the former is the lowest and the latier the most command-
ing part of the ground:.and of the intermediate pumbers, 5 denotes a
height less elevated than 6, but higher than 3. Iu shart, the principle of
tbe military sketch and that of the modelling plan are precisely the same ;
but with this difficrence, that the former is & hasty performance, done ac-
cording to the best of the judgment of the oflicer cmploycd, without taking

.vy’ levels by an instrument, whercas the latter is strictly accurate in ita
minutcst details.
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plan almost by inspection. This might perhaps have been inferred,
by reflecting upon what has already been said, without any further
explanation.

1shall however for the sake of clearness add another example.

Let us suppose that itis proposed to make the salieut angle of a
bastion 24 feet high, above the natural level of the ground upon
which it is to stand : and that, by a reference to the modelling
plan, it appears that at the distance of 700 yards, there is a range
of heights 28 fect higher, than the above part of the work will be,
when complete. This gives a commaud, over the point of the
bastion, in the proportion of exactly 4 feet in 100 yards. If
therefore we suppose one of the faces of our bastion to be 100
yards long, and directed upon the above heights, it is evident, that
it will be necessary to give the said face a dip or fall of four feet in
its total length, in order to defilade it from the commanding ground.
And consequently, if the ground, upon which the bastion is to be
built, is nearly horizontal, the height of the bastion at the angle of
the shoulder must be 20 feet above the natural ground.

I shall here remark, that the nature of the command, which one
work or height may possess over another, cannot be explained with
any precision, unless by reducing it to a certain propoition; for
this proportion not only determines at ouce the proper defilade,
but is also, in distances not much excceding GO0 or 700 yards,
nearly an exact criterion of the disadvantage incurred by the com-
manded work, from cannon shot fired at full charges. At the
same time in describing a command, the actual distance should never
be omitted,* because in distant firing, in proportion as the effect

* Some authors have designated the nature of a command by the dif
ference of level merely, without any reference to distunte, calling 9 feet a
single command, 18 fcet a donble command, &c. 'This is, however, a very
inaccurate and indeed absurd mode of speuking, for it must be cvident,
that a double command, as thoy style it, at the distance of 50 yards, will v
more prejudicial to a work than a quadiuple command at 400.
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of artillery is rendered uncertain by the greater length of range, the
circumstauce of a work’s being commanded beccomes of less im-
portance, or may even be entirely disregarded.

It is to be observed, that shells from a mortar, being fired at a
considerable elevation, always bury themselves in falhng ; whereas
howitzer shells and cannon shot, being seldom or never fired with
any great elevation, rise again, with repeated bounds, after they
first meet the surface of the ground. But when full charges of
powder are used, in firing, from a moderate distance, at any bas-
tion, redoubt, &c. which is properly defiladed, the cannon balls,
if they do not lodge themselves in the parapet, are impelled with so
much velocity, that they fly entiely over the work ; nor will they
strike the ground until at a very considerable distance further, their
original path being nearly in a right line. If, however, small
charges only are used, the initial velocity of the shot being thereby
much diminished, their ranges will be shortened in proportion :
and they will describe a considerable curve in their flight, imme-
dutely after leaving the piece: and consequently, by this method
of firing, provided that a proper elevation is given to the gun, a
cannon ball may be pitched, over the flauking parapet, into the
terreplein, even of a well defiladed face, where, by its successive
bounds, it may do much injury.

The mode of firing, which has just been described, is called
RICOCHET FIRING, and may be practised to advantage, both from
guns and howitzers, whenever they can be placed in such a position
as to enfiladé®any long face of a work. In direct firing, on the
contrary, this method is not to be recommended, for the diminution
of the charge produces a corresponding dimint:tion in the effect of
the shot.

It was proper to make the above explanation, in order that it
might be fully understood, that the defilading of any face of a work,

_ukhough of importance, inasmuch us it prevents it from being
seen into, from a commanding height, docs not entirely secure it,
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against being plunged into by enfilading ricochet batteries ; and
therefore, in previously stating the advautages, derived from a
proper defilade, as far as cannon shet were concerned, I took care
always to specify, that full charges were supposed to be used.

To conclude this part of our subject, it must appear sufficiently
obvious, from what has just been stated, that nothing but frequent
traverses, one, for example, between every two or three guns at the
utmost, can give any proper security to the faces, even of a well-
defiladed work, against enfilading ricochet batteries.

CHAP. XXII.

OF IRREGULAR FORTIFICATION, CITADELS,
AND COUNTERTRENCHMENTS.

It is a fundamental rule in fortification, to endcavour to make a
place equally strong on all sides; for it must be evident, that it
would be of very little use to have thice fourths of the circuit of a
fortress absolutely impregnable, if the remainder of it were weak
and defenceless.

In teaching the principles of fortification, it is always usual to
suppose, in the first instance, that the ground to be fortified is
situated in the midst of an extensive level plain, uniform on every
side, and not commanded by any heights within cannon shot.

Under this supposition, a regular polygon will, of course, be
the best figure that can be adopted for the outline of a work,
because it will be exactly alike, and thercfore equally strong on all
sides ; and the exterior ground being likewise uniform all round,
in every direction, an enemy can derive no advantage, in attacking
from any one point in preference to others.

But although such a supposition is always assumed, as was
before observed, in explaining the rules of fortification, this is

’
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done, merely with a view to simplify the subject, and thereby to
facilitate the progress of the learner : for in real practice it seldom
or never happens, that ground can be chosen for the situation of
a fortified place, so uniform in its nature, as to admit of the out-
linc of the fortress being made perfectly regular.

Fortresses, for example, are often built upon the sea coast or
on the banks of great rivers, the form of which must be followed ;
and the situation which is to be fortified, as well as its environs,
may cousist partly of low ground, and partly of heights, of an
irregular form, with intersecting vallies. On one or more sides,
also, it may be bounded by lakes, marshes, or rocky precipices.

Under these circunstances, it would obviously be improper to
give to the outline of the proposed fortress the form of a regular
polygon. Such an arrangement would lead to insuperable diffi-
culties and disadvantages. It might, for instance, throw the
ramparts down into the bottom of deep vallies, when they would
be exposed to the plunging fire of a besieging army, from com-
manding  heights, without the power of returning it with any
effect.

The nature of the ground must thercfore be carefully studied,
and the strongest points chosen, for the general outline of the
proposed fortress, which, when the ground is irregular, will con-
scquently become an irregular polygon, instead of a regular one:
and when the situation has the further disadvantage of being com-
manded by exterior heights, on one or more sides; then not only
the outline, but also the profiles or reliefs, of the proposed works,
must be made irregular, for the reasons stated in the preceding
chapter, in which one great souice of irregularity in fortificatin
was discussed.

fter choosing the most advantageous points for the outline of
fortress, it will often happen, that some parts of it are by nature
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excessively strong, so as to require scarcely any artificial means to
defend them ; whilst some other parts may be much weaker, than
the average mature of the ground in general.

In those parts, which are strong and inaccessible by nature, it
may be sufficient to erect a simple parapet, with batieries on
advantageous situations. Such, for instance, is a part of the land
front of Gibraltar, which presents a rocky precipice, several
hundred feet in height, not to be surmounted by an enemy.

In other parts, where the soil is marshy, inundations may be
formed, and wet ditches or other water defences may be applicd,
with so much effect, as to render the expense of masoury super-
flaous. In other parts revetments may be absolutely necessary.

In some parts, the ground may be so very unsuitable for the
construction of bastions and curtains, that iedans, of an irregular
forn, must be used for the outline of the foitress : and it is to be
remarked, that this circumstance will often be found to occur, in
those parts of the inclosure, which are the strongest by natwe.

In other parts, a simple bastionary outline, without ravelins,
may suffice; whilst in other parts, ravelins or other outworks may
be necessary.

In other parts again, by reason of the peculiar weakness of the
ground, advanced or detached works may also be necessary, in
order to create additional obstacles to an enemy’s progress, and
thereby put this defective portion of the inclosure, upon a par, in
point of strength, with the remainder of it.

When ground is very irregular, a chain of detached forts, or
casematid redouts, the nature of which was explained in a former
cl:apter, may also be sometimes used with advautage, in lieu of
a continued inclosure.

In short, a thousand varieties may occur in practice, for which it
is difficult to lay dowu any precise rules beforehund : and therefore
a very wide scope is left for the exertion of talent and judgement,
on the part of an engineer, who is called upon to give in a projeét
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of permanent fortification, of any extent or importance: for so
seldom can uniformity of ground be expected, that it scarcely ever
bappens, that more than three or four fronts of any fortress, which
has actually been constructed, are to be found exactly alike.

It ought to be remarked, that the term “ IRREGULAR FORTI-
FICATION,” signifies merely the application of the art of fortifi-
cation to irregular ground; which occasions an inequality in the
dimensions of the corresponding parts of a fortress so constructed.
It docs not therefore imply any defect, either in the plan or execu-
tion of the various woths. Consequently A PLACE IS SAID TO
BE REGULARLY FORTIFIED, meaning that it is constructed
accoiding to the regular rules of the art, judiciously applied, not-
withstanding that the outline of it may be very irregular : wlilst on
the other hand, the plan of a place may be quite regular, and yet
it may be very badly or imperfectly fortified, by reason of the
weahness of its general profile.

The only mode, in which irregular fortification can be learned
to advantage, is to collect accurate plans and descriptions of a
variety of fortresses, which have actually been counstructed, and
more especially of those which have been often besieged ; for, as
I before said, few or no fortresses are perfectly regular. Then by
studying the history of their sieges, which will be done to most
advantage upon the spot, if circumstances will permit; the advan-
tages or defects of the various expedients, which have been
adopted, at various times, for occupying irregular ground, by
defensive works, may be understood. The same remark will
therefore apply to this branch of our subject, which was before
made, in alluding to the various systems of fortification, invented
by a great number of engineers, or writers on that art, from time
to time: namely, that it will be much best for a learner, not to
erter deeply into the study of it, until he has previously made
himself master of the most effectual means of attack, which
have hitherto been used, in besieging fortified places.
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Without enlarging further upon this subject, I shall therefore
conclude by observing, that when ground is irregular, those parts
of the general outline, which are susceptible of bastionary fronts,
should first be drawn, in the form of an irregular polygon. This
being done, upon each of the sides of this irregular polygon, as an
exterior side, a front of fortification should next be drawn; and in
the whole operation, the general rules and proportions, given in
Chap. xv1, should be kept in view, as much as circumstances will
permit; observing, however, that it may not, in all cases, be
expedient, to make the two demibastions in the same front exactly
alike.

As a specimen of the variations, which may take place in the
outline of works of fortification, built upon irregular ground, the
following sketch is added, to represent a fortress situated on a
rocky peninsula, which we shall suppose to be inaccessible or
nearly so, in all those parts towards the sea, which are occupied by

a line of irregular redans.*

In a place situated on the sea coast, that part of the general line
of works, which faces towards the water, is called THE sEA LINE

./® The dotted pentagon represented in the figure, shows the position that
might be chosen for a citadel, a kind of work, which will afterwards be
explained.
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OF THE FORTRESS ; while the remaining part of it, which faces
towards the country, is called THE LAND LINE, and the particular
fronts of fortification, of which it is composed, are called Tne
LAND FRONTS. In like manner, in a place situated on the banks
of a great river, there may be THE RIVER LINE, and THE RIVER
rrONTs of the fortress, in opposition to the land frents: and by
way of distinguishing the principal gates of fortresses, so situated,
those which face towards the water, and communicate with the
wharfs frequented by boats or shipping, are called wATERPORT
GATES, or sometimes simply waterports, whilst those which com-
municate with the country, are called LANDPORT GATEs, or
landports.

Having now explained the principles of irregular fortification,
as far as is necessary for an elementary work, we shall next treat
of citadels.

A citadel is a fort or smaller work, attached to a fortress of
importance, sometimes as a keep or retreat for the garrison of the
fortress, in case the principal works should be taken; and some-
times with a view to overawe the inhabitants of a disaffected
aty.

Citadcls, if regular in their form, are usually made pentagons;
the square, gencrally speaking, being considered too small a work
to make a good defence.

Citadels have most commonly been constructed, so as to form
a part of the exterior gencral line of defence, of the fortresses, to
which they have been attached. In that case, there is a break in,

the body of the place, which is filled by the citadel.
To exemplify

this coustruction,
,):ou will first draw
a figure with se-
-ven bastions, to
represent part of the main inclosure of a regular fortress.
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Rub out your ceuter bastion, and the inward flanks of the two
COLLATERAL BASTIONS, that is to say, of those two bastious on
each side, which are nearest to it : and rub out also the intermediate
curtains.

In the opening, thus left in the main inclosure of your supposed
fortress, construct a regular peuntagon.

\H
/_\/(\/\/)
(\/

The pentagon, which you have just drawn, represents a citadel
attached to your supposed fortress, according to the system, which
has been in most general use.

Both the citadel and the body of the place, shown in our figure,
may have ravelins and other outworks attached to them. The
citadel has also its covered way and glacis, not only towards the
country, but likewise in those fronts of it, which face towards the
interior of the fortress ; and the ditches of the body of the place
and citadel may communicate with each other.

You need not draw any ravelins, &c. as the proper manner of
inserting them may easily be understood. Draw only the coun-
terscarps of your figure to represent the manner, in which the
various ditches may communicate, as above mentioned.

iy
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Sometimes, those parts of the main inclosure of the fortress,
which terminatc ou the counterscarp of a citudel, have been laid
out, not in the manner represented in our piesent figure, but in the
form of long faces, enfiladed or flanked by the more projecting
worhs of the citadel, and extending about 200 yards in a continued
right line; and it has further been recommended, to give to the
terrepleins and parapets of these long faces or branches, a less
substantial profile than usual. These precautions, it may easily be
conceived, are tahen, in order to prevent the adjoining works of
the fortress from being used to the prejudice of the citadel, in case
the latter should hold out the longest, against a besieging army.

Long faces, constructed for the above purpose, on each side of
a citadel, aie called FACES OF COMMUNICATION.

In the interior of a fortress, which is constructed with a citadel,
no houses or walls must on any account be allowed to be built near
to the citadel ; but an open or level space must be preserved all
round, which must at least extend bevond the utmost range of
musquet shot.

The open space, thus laid out, is called AN ESPLANADE;
and the same word was formerly used to denote a glacis.

If an esplanade were not preserved in front of the citadel of a
fortified place, an enemy who had got possession of the town,
would fill the opposite buildings with soldiers, who by a close fire
of musquetry, from windows and loopholes, might destroy the
men ou the ramparts of the citadel, without being seen by them, so
as to render it impossible for them either to man their guns, or to
make any adequate defence whatsoever.

It has been laid down as a rule, that the exterior fronts of a
citadel should be made stronger, if possible, than those of the main
inclosure of the fortress itself; for as the capture of the citadel
will evidently open the way-into the body of the place, if the

voL, 11, HH
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assailable fronts of the citadel were the weakest parts of the
general line of defence, an enemy would attack them, in pre-
ference, as being the easiest mode of making himself master of
the whole.

If, on the contrary, the assailable frouts of the citadel are much
stronger than the rest of the line, the besiegers may be obliged to
attack the fortress first; so that the citadel will serve as a keep for
the garnson, and will place the ¢nemy under the necessity of
undertaking a sccond siege.

Citadels have, however, more often been constructed with a
view to overawe the discontented population of a fortified city,
than as keeps; and thercfore, they have necessarily been placed
upon the general exterior line of defence, in the mauner repre-
sented in our present figure, so as to maintain an open communi-
cation with the country, in order that the garrison might thereby
be enabled to receive succours from their army in the tield, in case
of an insurrection on the part of the townspeople. And for this
reason, the priucipal gate of a citadel, facing towards the country,
has often been called THE GATE OF sTC(OUR.

There is only one situation, in which a citadel can conveniently
answer both purposes, that is to say, when it is constructed on or
near the Inaccessible extremity of a fortress, which, by reason of
natural obstacles, cannot be attacked, with any prospect of suc-
cess, on more sides than one. Thus, for example, in the first
figure of this chapter, which was given to illustrate the nature
of an irregular fortress, supposed to be inassailable towards
the sea, it will be evident, that a citadel, placed in the position
represented by the dotted lines, will serve the double purpose
before mentioned; that is to say, it will not only overawe the
inhabitants, but will also give the enemy the trouble of a second
siege, since he has no means of approaching it until the exterior
works are taken. At the same time, a citadel, so situated,
although net to be relieved by land, might, in moderate weather,



COUNTERTRENCHMENTS. 467

conveniently receive succours of men and stores, from a friendly
fleet.

Excepting in situations partially inaccessible, like the above,
citadels cannot add matenally to the resistance of a fortress against
a 1egular army, at least by no means in a degree proportionate to
the expeuse of building them.  When, therefore, the only object
n view is to keep in check a discontented population, this may
sometimes be effected, in a more economical manner, by what is
called countertrenching a few of the principal bastions of the

main inclosure.

A COUNTERTRENCHMENT signifies an interior intrenchment,
constructed in or behind any woik, the parapets of which do not
face outwards, or towards the countiy, like those of the original
work, but are directed towards the rear.

Countertrenchments do not, therefore, oppose any additional
obstacles to a besieging army, in assaulting those particular bas-
tions, behind which they are constructed. They are only useful,
when the works, so strengtheued, are attacked in rear, which in
most cases supposes an internal enemy. If, howcver, in the
course of a siege, any of the other bastions of the main inclosure
should be breached, whilst the countertrenched ones are left
untouched, then even the latter will be useful, in case of an
assault, against the besiegers’ troops, by preventing them from
being able to extend themselves, and to gain easy possession of
the rampaits on each side, after entering the place.

To exemplify this construction, rub out your citadel, and restorg
the outline of the fortress to its original state.

Then let two of your bastions be converted into keeps against
aninternal enemy, by drawing a countertrenchment in the rear of
each, which may be laid out in the form of a small front of for-
tification. .

Draw also ditches extending round your keeps, and let them be

HHEZ
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continued on each side, so as to cut off the countertyenched bas-
tions from the adjoining curtains.

-

There must be a proper commnunication between a counter-
trenched bastion, and the interior of the fortress, either by a
bridge and drawbridge, or otherwise, in front of which there may
also be a covered way with a place of arms; and when the ditches
are dry, the scarps of the countertrenchments should be reveted.

CIIAP. XXIII.

OF THE MODE OF FORTIFYING A MARITIME TRONTIER,
OF COAST BATTERIES, AND MARTELLO TOWERS. —OF
FIELD POWDER MAGAZINES, TIMBER BOMBPROOYS,
AND ABBATIS.

We shall now treat of the proper mode of fortifying a maiitime
frontier.

The principal naval stations and dock-yards in every country,
should be regularly fortified ; and in addition to a common fortified
inclosure, it may be expedient to secure them against bombard-
ment, by a chain of detached works, as was before mentioned.

For the protectiou of harbours of secondary importance, forts,
casemated rcdouts, or towers, commanding their entrances, may
suffice.

To defend an open beach or landing place, against the disem-
barkation of an invading army, batteries, supported by towers,
have been considered a good expedient.
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When the nature of the beach is such, that vessels camot
approach nearer than to the distance of 300 yards, or thereabouts,
from the spot, upon which defensive works are proposed to be
constructed ; common field batteries will be more than a match for
shipping, as long as the contest is confined to a canuonade alone,
even althongh the latter may be able to bring four or five times as
m iy guus mto action. 'The reason of the decided superiority, which
a common battery thus possesses over a ship of war, of much greater
force, will be 1eadily understood from the following simple cone
siderations. A field battery, properly constructed, is shot proof,
and incombustuble, and its guns may be laid with precision:
whereas a ship may be set on fiic; its sides are penetrable by
shot; and unless in a perfect calm, its guns cannot be laid with
suflicient precision. Moreover, the comparative size of the two
contending objects is also a great disadvantage to a ship of war, in
engaging a battery.

The guns, intended for the defence of a coast, should always be
mounted ou tiaversing platforms, which method affords a greater
facality of firing quickly at ships under sail, in a variety of dif-
ferent dwections.  If on the contrary, the guns of coast batteries
should be placed on common carriages behind embrasures, their
scope of fire will be too limited to have sufficient effect; for
vessels or gun boats may often be able to place themselves out of
the line of most of the embiasures of a battery, so constructed,
and yet in such a position as to annoy it by their own fire.

With 1espect to barbet batteiies, they may, generally speaking,
be pronounced entirely upsuitable for the defence of a coast;
because, excepting when they are placed on high cliffs, or other
situations of a very commanding nature, they affurd scarccly any
protection to men agaiust the fire of shipping; and if used in
semicircular bays, or other positions, where one defensive battery
flanks another, the troops, posted in them, not being covered hy
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proper parapets, are liable to destroy cach other by their mutual
fire, in acting against a common eucmy, particularly when grape
shot is used.*

When the shore is low, and of such a nature, that ships can
approach within closc musquet shot of any spot, chosen for a
defensive battery; it 1s then uecessary, that the nterior of the
battery should be covered at top, by a proper musquet proof
defence ; otherwise marksmen, placed i the ships’ tops, will be
able to destroy the men in the battery, by a plunging the. A
casemated battery, open in rear, 1s therefore the best that can be
used, in such situations, but it 1s not absolntely necessny that the
arches should be bombproof. .\nd 1t is to e obsenvad, that - a
woody country, a roof formed of stout beams of tmber covered
with about a foot of emth, aud suppoited by posts or uprights
at proper iutervals, may be used to advantage for the sanie pwipose,

1 lieu of arches and piers.

It will easilv be undeistood that a field battery, although, in
almost all cases, supcrior to a ship of war, m the effect of ats

* In all works flanked by others, the same rish must occur, to a certain
degree, if the parapets are low.  But in a peninanent fortress, the ditehes,
against which the fire of the flanking works would cluefly be directed, in
casc of an assault, arce so mui i lower than the parapets, that no meonve-
mience i» to be appreliended by the defenders of the flanked works. It has
been 1emathed, that shot fired for the purpose of flanking any face of a
bastion, ravelin, &c. arc usually glanced ofl with constderable toree, when-
ever they strike the circalar pat of the opposite countersearp, m such a
direction as to scour the ditch of the other face of the same work,  Con-
sequently, in the redan system, the shot fired from one flanking casemated
battery are often, alter heing thus tarned off, impelled towads somie other
casematcd battery of the same work, and if by any accident they should
enter the embrasures, they might be prejudicial to the defenders. But tlus
1% a rare contingency, so seldom likely to happen, that it may he disre-
garded ; and if an cnemy were actually engaged in an assault, the double
firo thus produccd by the bouiiding shot, would be of importance.
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fire, can afford little or no defence against an enemy, when landed.
But although arrangements are always made for manning the whole
of the guns, placed in battery on a coast; the number of men,
employed in this duty merely, are entirely inadequate to resist a
landing of seamen and marines, even from a single ship : nor is it
practicable for the most populous and wealthy nation, to have a
force sufficient to oppose such enterprises of a hostile fleet, on
every accessible point of its line of coast. It therefore becomes
absolutely necessary, to support the field batteries, which may be
constructed on various parts of a maritime frontier, by works of a
more substantial and stronger nature, such as are not liable to be
casily tahen by a sudden assault.

Sometimes, with a view to the above object, earthen cavalier
batteries have been made, with a ditch in front, secured by pali-
sades, fraises, or other obstacles, and inclosed in rear, either by a
loopholed brick wall, or by a definsible guardhouse or barrack ;
m such a manner, as to form a kind of redout.

A DETLNSIBLE GUARDHOUSE implies a building, capable of
receiving either the whole or a considerable proportion of the men,
who are necessary for the defence of any work, sc as to serve the
purpose of a keep, I case an enemy should penetrate into the
interior of it; and for this reason, the walls, which ought to
be bwlt in a substantial manner, are always crenneled. The roof
ought cither to be arched over with a terrace at top, or at least it
should be so constructed, as not to be liable to be easily destroyed
by fire.

I shall here remark, that dcfensible guardhouses, such as have
been described, may not only be used as a protection to sea bat-
teries, but may also be employed to advantage, in inland positions,
iu the defence of redouts, or other works, not casemated ; and in
all cases, their walls, if possible, should be covered against can-
non shot by the parapets of the work, within which they are
constructed.
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Casemated redouts for the defence of a coast have sometines
becn made circular, but in most cases a different form would be
preferable, for it is seldom to be supposed, either that they can be
equally liable to attack oun everv side, or that they can be required
to act against shipping, &c. with an equal number of guns in cvery
direction.* In those sides of them, which face towaids the sea, a

® The dimensions of a casemated circular redont, which has actually
been constructed on the coast of England, are as folluws.

Its exterior diameter is about 120 feet at top, with parapets fiom 10 to
11 feet thick, and terrepleins 34 feet 6 inches broad, so that there remains
an open area, or intetior space, of about 90 fect in diameter.

The exterior height of the scarp revetment s neaily 54 feet at the mer-
fons, but 32 feet only at the embrasures.  The tenieplem s fitted np for
10 heavy gans, mounted on tiaversing platforms, which fire through the
shallow embrasures, above noticed, the mterior height of the parapet at
the merlons being 8 teet. There 1s a banguette 8 fect wide throughout,
and 2 feet hizh in front of the guns, but 5 teet 6 inches high i other parts,
There are discugaged traverses between the guns, 8 feet wide, 15 feet long,
and 3 feet distant in front trom the parapet. There is a gateway 10 fect
wide, with a hiidze and drawbndge for emtering the redout.  The commu-
nications, between the terreplein and wterior area, are by three sturcases,
each 4 feet wide. ’

T'he redout is covered by a glacis, having a slope of 71 to 1, the line of
which produced cuts the scap, about 2 feet 6 inches below the soles of the
embrasures.  The counterscarp revetment 1s about 20 foet high, and 5 feet
3 inches thick at bottom, with a moderate slope. The diteh s about 28 feet
6 inches wide at top, and has a dip at bottom of 5 feet, being deepest on
the scarp side,

'The scarp tevetment is 5 feet 6 inches thick only, in front of the caxemates,
but the lower part of 1, which s faced with granite, is increased to the
thickpess of 13 feet at hottom, bewng lard out with a very great slope.  'The
casemates are 33 in number, of which seventecn are rectangular, the
remainder being of an inegnlar width,  The former are alternately 15 feet
7} inches, and 11 feet 74 mehes wide.  ‘Fhe piers are each 3 feet thick,
and 7 feet bigh, measuring from the wooden floor to the spring of the aich,
and are intersected by doors of communication, 4 feet wide,  All the case-
mates bave a eireular loophole in front, of 1 foot exterior diameter, and
airboles, 9 inches square, finishing below the banquette.  The inegular
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double tier of guns may be mounted, if thought proper, part on
the terreplein of the redout, the remainder in casemates below.
This of course implies that there is either no countersearp, or a
very low one, in that direction.* On the land side, where a coun-
terscarp is absolutely necessary, if the work is intended to make a
good defence, a double fire of this nature cannot properly be
obtained.

Towers, armed with cannon at top, have always been considered
a good expedient for the defence of a coast, and have becn built
of various shapes and sizes, in different countries and situations.
Of late, however, round towers, mounting fiom one to three, and
not exceeding four guns, upon traversing platforms, have, upon the
whole, been deemed the best adapted for the protection of an open
beach; and have accordingly been constructed, in great numbers, in
the British dominions, both at home and abroad, particularly in the
most accessible parts of the southern and castern coasts of England.

casemates have only one aithole, the others two. Tach casemate has one
fire place, excepting those fitted up for oflicers’ quarters and cooking places,
which have twa. They are each inclosed 1n rear by a wall 2 feet 3 inches
thick, with a door and two windows, and a circular aperture oyer the door.
The tise of the arches of the casemaltes is 7 feet 9 inches, the tutal depth of
masonry over the crown of cach being 4 feet 6 inches. The terrepleins
are 6 feet 6 inches high, in front, above the crown of the airches, and bave a
reverse slope of 1 foot towards the central area.  Almost the whole of the
1edout above the level of the fNoor of the casemates, is built of brick :
below that level, granite, as before mentioned, and rough stone are used.

* In projects which I have seen for fortifying their coast, the Freuch are
very fond of multiplying artillery to a supeiflwous degree, proposing often
to use two or even throe tiers of heavy guns in their cascmated sea batteries,
when one ought to suflice. 1t is however to be observed, that in building
a casemated coast 1edout, it may generally be advisable to bave casemated
embrasures in all those sides of the work which face towards the sca, for as
the cascmates themselves must necessarily be construeted for the accom-
modation of the gairison, whether they are ever likely 1o be required as
batteries or not, there can he no disadvantage, rather the contrary, in pree
paring them for this extra senvice, in casc of eimergency.
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Towers of this description have lately been distinguished by the
title of martello towers, in consequence of a good defence made
by a small round tower of that name, in the island of Corsica.

Martello towers should be at least 30 feet in exterior height, in
order that they may not be easily carried by escalade; and their walls
may have a small exterior slope, not exceeding one twelfth of the
height. Their exterior diameter will of course depend upon the
number of guns, pruposed to be niounted.  The smallest of them
bave been about 50 fuct high and 55 feet exterior diameter at top;
the largest have been about U5 feet in exterior height, and seldom
exceeding 50 feet in mean diameter at the top, mecasured also
exteniorly.  The term “mean™ is used, because the larger hinds
of martello towers have seldom or never been made exactly circular,
as shall hercafter be explained.

Martello towers are built with two storics, of which the upper
ane serves for the accommodation of the troops, and 1s covered by
a bombproof arch or arches. 'The lower story should also be
covered by light arches; or at least by a floor of incombustible
matenials : and it is usually divided into three or four small apart-
ments, one of which serves for a powder magazine, the others
being appropriated for provisions and other stores. A small cistern
er tank is also usually placed, somewhere in or below the lower
story. Above the bombproof arch there is a flat terruce, formed
entirely of solid masonry, upon which the gun or guns are mounted,
and which is secured all round by a parapet and banquette. The
total depth of masonry over the crown of the arch is seldom less
than 5 feet; the usual height of the parapet being about 6 feet ;
;nd the width of the banquette 1 foot 6 inches.

The entrance of a martello tower is by a door, placed nearly on
the level of the floor of the upper story, to which the communication
from without is either by a ladder or by a drawbridge. The upper
story communicates with the lower one, by a trapdoor or hatchway
and ladder, or sometimcs by a staircase, and with the terrace at top
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either by a shaft, cut over the doorway, and a ladder, or by a spiral
staircase, or by one or two common staircases. 'There are always
loopholes serving as windows, in the upper story, but there are
seldomn any external apertures in the lower story, which is venti-
lated by winding air-holes, usually carried up towards the top of
the tower.  There is a firc-place and chimney in the upper story,
and some towers have had a small furnace for heating shot. The
doors are placed towards the land, that being supposed to be the
most sccure side ; for which reason the mean thickness of the walls
has usually been made rather less on that side, than towards the
sea. By reason of this difference, these towers have sometimes
been built of an elliptic form exteriorly, whilst the terior of them
has been made circular.

Towers and casemated coast redouts are built entirely of
masomy in every part: for by reason of the superiority, above-
mentioned, which guns on shore geneially possess over shipping ;
walls and parapets, constiucted with brick or stone, although not
calcalated to resist land batteries for any length of time, will
remain good, unul the vessels engaged with them are completely
disabled.  Hard stone should, however, not be used in parapets of
any hind, if brick or soft stone are to be procured; the former
material being much more liable to produce dangerous splin-
ters, *

The walls and parapets of towers aud casemated redouts,
intended for coast defence, are seldom made more than 12 or 13
feet thick, on their most exposed sides; nor are their parapets ever
made lcss than G feet thick, in their weakest parts.  When their
walls are covered by a counterscarp and glacis, which is sometimes
done, the thickness of the masonry may of course he greatly reduced,
care being taken, however, that there shall be sufficient strength left

® For this rcason, loopholed walls, scrving as heeps or retrenchinents, are
never built of hard stone.
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i all those parts, which may serve as piers or abutments to the
bombproef arches.*

In the small martello towers, the bombproof arch has often con-
sisted of A poME; which signifies an arch, springing from one
continued circular pier, formed by the exterior walls of the tower,
80 as to resemble a hollow hemisphere or half globe. Sections
taken through the center of this kind of arch, in every possible
direction, are all exactly alike. In the larger towers, annular
arches have often been used; that is to say, arches springing from
two concentric circular piers, one of which is formed by the
exterior walls of the tower, whilst the other consists of a small
round pillar, built in the middle of it. In any section taken through
the center of a tower, coustructed in this last mentioned manner,
two arches will appear; but in reality they are to be considered
as onlv one continued ach, the plan of which is circular, so that
it incloses a space like a ring ; from which circumstance it derives
its name. The central section of a dome, as also the perpen-
dicular section across any part of AN ANNULAR ARCH, may
either be a semicircle, ellipse, parabola, or segment of a circle, or

* In parapets built of masonry, about one foot of the top of the parapet,
near the interion erest of aty is usually Taid out hotizontally, or nearly so,
beyoud whieh the regular superior slope commences.  When embrasures
are cut in such purapets, it is al.o to be obsenved, that the neck or narrow-
est part of the embrasure does not exactly agree with the interior slope, as
in a field battery, but is commonly placed about one foot more to the front,
beyond which the usual splay commences.  Those small portions of each
cheek of an embrasure so construeted, which are in rear of ‘the neck of it,
Lave also a splay backwards, proportional to the exterior splay. Conse-
quently the outline of cach check of a masonry embrasure is represented in
a plan, by two lines of very anequal lengths forming an obtuse angle, each
short line oi' the one check, being nemly parallel to the long line of the
other. ~

1n military works, the gencral mass of which is built of brick, all angles,
copings, &c. are generally faced with soft stone, when it is to he procurcd,
and Large blocks of hard stone arc preferred for the foundation.
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in short of any form, used in the other more common kinds of
arches, which spring from parallel right-lined picrs.

Sometimes instead of domes or annular arches, common arches
have been used for martello towers. This method saves trouble in
the workmanship, but it gives the arch a very irregular appearance,
because the interior of the tower is either laid out in a circular
form, or in the shape of a polygon, so as to approximate, in some
degree, to the general outline of the exterior curve ; and it must be
evident, that unless the space covered by a common arch is rectan-
gular, the arch cannot possibly have an uniform span and rise,
throughout every part of its extent.

A long gun, mounted on a traversing platform, requires an inte-
rior space of about 20 feet diamcter, within the parapet, to be
able to traverse freely in all directions; and a carronade or lighter
gun requires 16 feet. If therefore three dotted circles touching
cach other are drawn, one from the center, a, with a radius of 10
feet, the others from the centers, b, and ¢, with a radius of 8 feet
cach, the areas of all these circles added together will point out
nearly the whole interior space, which ought to be comprehended
within the pmapet of a martello tower, capable of mounting one
long and two hghter guns. Afterwards by drawing an exterior
circle through three points, d e f, chosen in such a manner, that
there shall not be less than a certain number of feet, 6 for example,
cotaprehended between them and any part of the circumference of
the smaller circles, this will give the general extent of the exterior
diameter at top of the required tower; as is represented in the
following fizure. The thick curved
line, immediately inclosing the dot-
ted circles, shows the form, which it is

. proper to give to the interior crest of the
parapet, of a tower constructed for
mounting more guns than one; it being
desirable, that the muzzles of the guns
should always project beyond the interior
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crest of the parapet, which would not be the case, unless the latter
were curved in such a manuer, as to agree nearly with a consider-
able portion of each of the arcs, described by the several traversing
platforms in their motion.*

It will be obvious, that whenever, for the above reason, the
interior crest of the parapcet of a tower 1s indented or composed of a
mixed curve, partly comvex and partly concave, as represented m our
present figure ; the exterior ciest of the parapet, and conscquently
the exterior outlinie of the tower, need not be exactly circular, but

® If aline of heavy guns mounted on traversing platforms weie never
Likely™o fire except in the same direction, tervals of 12 feet would he
quite sufficicnt.  But as one gun may be required to be pomted m one
direction, and the adjoining gun m a contrary one, at the same time, their
two traversing platforms would mterfere with cach other, if less than about
20 feet were allowed, as stated in the text.

The regulation traversing platform for heavy guns consists of two strong
side pieces, which are 16 fect long, and cover a space of about 5 feet
2! inches wide, from out to out. They are connected by three transoms or
cross piecese  The center of the fore trancom 1s 1 fout 6 inches, that of the
middle transom 1s 6 feet 3 inches, and that of the hind transom is 11 feet,
from the tront of the platform. Any one of these three points may bo
chosen for the pivot or center of motion of a platform of this description,
which consequently may either be made to traverse in front, in center, or
in rear. The four trucks, upon wlich the platform moves, are fived under
the side picces, near the extremities of the fore and hind transoms, and
their axles must be directed towards the center of motion. They move
either upon hard stone, or on narrow iron plates of a circular form, fixed
down upon wood or stone. These plates are called THE KIRBS, OR Some-
timep THE RACERS OF A TRAVERSING PLATFORM.

‘When guns, mountcd on traversing platformns, arc placed in rear of any
right-lincd face of a work, it is best to use platforms traversing in front. A
traversing platform having its pivot in center has becn recommended for
acute salient angles, and the pivot in rear has been recommended for more
obtuse salient angles. The two last kinds of traversing platforms are the
best adapted for towers. It is to be remarked, however, that peculiar tra-
versing platforms have often been made on purpose for particular towers or
other works, differing in their general dimensions and construction, from
thosc which have been mentioned.
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may be made in the form of some irregular or mixed curve, so as
to approximate to the iuterior outline of the parapet to a certain
degree. This has been attended to in planning some of the large
towers on the coast of England, which mount three guns.

The annexed figure shows the plan of the top of one of these towers,
in which the interior and exterior crest of the parapet, and the ban-
quettc are represented, as also the pivots of the three traversing plat-
forms, from which points, as centers, the circular portions of the inte-
rior of the parapct are described. The least thickness given to the
parapet i any partis G feet. The exterior
curve is an irregular figure, composed of
seven ciiculararcs, described from so many
different centers, its two greatest diame-
ters at top being 50 feet 7 inches by 47

feet 7 inches, which dimensions are -
crecased, towards the bottom of the tower, .
by an exterior slopc of one twelfth. The dotted lines show the
position of the heads of two staircases, for ascending upon the
terrace.

As a further illustration of the nature of these towers, a second
figure is added, representing the plan of their upper story.

In this, the principal door of the tower,
asalso four windows, and two fire-places,
and the two staircases, before mentioned,
are distinctly shown. The small interior
circle represents the central pier of the
anoular arch.  Partitions, inclosing a
small apartment for an officer, between
which and the said pier a narrow passageis
left, are omitted for the sake of clearness.

In the following figure, the section of one of the smaller martello
towers is given, which, being supposed to mount one heavy gun
only, may be about 20 feet interior diameter at top, measuring from
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the interior crest of the parapet on one side to the corresponding
point on the other. The upper arch, which i section 1s a circular
segment, may represent a dome. The two archies of the lower
story, may either represent an annular arch, winding round a ceutral
pier, or what for a small tower would be more convenient, they
may represent the central scction of two common segment arches,
which, for the reason beforc mentioned, would, in other paits,
towards their estremi-

ties, be of an irregular L WJ

form. The pivot of the T

traversing platform is

represented above the

principal arch, con-

sisting of an iron nine- / N '
pounder gun, properly L_L_IT_[_

fitted up and built into - —

the masonry ; this being the cxpedient most usually adopted for

that purpose.

It ought to be clearly understood, that the chief advantage of
martello towers is their non-liability to be instantaneously entered
and taken posscssion of, by sudden assault, after the landing of an
enemy: because as far as regards the mere effect of the guns
mounted upon them, if engaged with shipping in a distant canno-
nade, there cau be no doubt, but that the same number of guns
would be equally efficacious, if placed in a common low field
battery.* The round figure of the martello tower is some

® The name of Martello tower was adopted, as before mentioned, in
conscquence of the good defence, made by a small round tower in the bay
of Martello, in Corsica, in the year 1794, which, although armed with ons
heavy gun only, beat off one or two British ships of war, without sustaining
any matcrial injury from their firc. But this circumstance ought mercly to
bave proved the superiority, which guns on shore, must always, in cerfain
srtuations, posscss over those of shipping, no mattcr whether the former are
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advantage, because when exposed to a caunonade, all the shot,
which stike it obliquely, glanee off, without materially injurigg
the masonry. This advantage, however, is of importance only
against ships, whose fire is uncertain. In opposing a land battery,
constructed within a moderate distance, and firing with the usual
precision, it would be of very little avail, because almost every
shot might be made to strike perpendicularly upon the center
of the building. Martello towers are therefore not to be recom-
mended in inland fortresses or positions ; although no other kind of

mounted on a tower or not.  That this is a just decision, will perbaps be
rcadily allowed, by all who are acquainted with the following equally
remarhable but less generally known fact, which occurred about twelve
years aflerwards, in the same part of the world. A common two-gua barbet
battery, situated on a commanding clif on the coast of the kingdom of
Naples, beat off a Brtish 74-gun ship, supporicd by a frigate, occasioning
a very severe loss to the former, although in the battery itself only one man
was wotnded. After the attempt to silence the battery by cannonade was
found to be entirely hopeless, a party of scamen and marines were landed
with a couple of ficld pieces, who in a very short time made themselves
masters not merely of this insignificant work, which was quite opcn and
defenc-less, but of a substantial building in rear of it, serving as a heep, in
which tue enemy bad taken refuge, with a vicw to defend themselves by
musquetry.

The Corsican tower, before mentioned, which bad in like manner com-
pletely baflled a naval cannonade, was very soon found to surrcnder, when
attached by land; not, however, before a small battery bad been made to
reduce it.

From wbat has been said in this chapter, it may be inferred that it is very
imprudent for a ship of war to engage in a protracted cannonade with a
properly constructed coast battery, unless in cases of extreme emcrgency,
when the good of the service absolutely requires that a certain rish should
be incurred. The vessels best adapted to contcnd with batteries, although
even they will fight at a disadvantage, are small gun boats, mounting one
lorig heavy gun in the bow, which ought always to spread themselves at con-
siderable intervals apart, in order to prevent the battery fron concentrating
its fire. Gun boats of this description are only efficient in a calm, when they
ean fire with grewt precision.

VOL, II, L O
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works are, upon the whole, better adapted for the defence of an
open beach, against a hostile fleet.*

® In order to give a more precise notion of the nature of some martello
towers, which bave actually been constructed within the last fitteen years,
the following descriptions are added.

1st. The large circular towers, built in Minorca, when that island was
last in possession of the English, were 55 feet in extenor diameter at top,
their exterior beight being 36 feet with a slope of 1-12th. The thnchness of
the parapet was 12 feet all round ; its height 6 feet; its dip 2 feet 6 inches.
The height of the lower story of these towers was 11 feet; over which was
a wooden floor covered with paving tiles, total depth 1 fuot 6 inches: the
height of the upper story measuring to the crown of the arch was 15 feet
6 inches. The bombproot arch was a dome of & section nearly elhiptical,
the span of which was 31 feet, and its rise 11 fect 8 inches. The dome and
exterior outline of the tower were described from the same ecommon center.
The thickness of masonry over the crown of the dome was 5 feet.

Above the principal entrance, winch, like that of all the other towers
about to be described, was a door placed on the level of the upper apart-
ment, there was a machicooly, and a square hole or shaft for the conveni-
ency of hauling up stores. The ascent to the terrace was by a spiral or
winding staircase, cut in the wall. A batchway and ladder led to the
lower story, which was partitioned off into three apartments. There was a
cistern excavated below the general level.

The towers which have just been described were very handsome, being
faced with cut stone, both instde aml out: and having a cordon and coping,
the iormer at the height of 31 feet, above which the remainder of the exte-
rior wall was built perpendicularly.

A long heavy gun, whose center of motion was in rear, was mounted on
these towers; but as there was much more than suficient room for one gun,
a howitzer or carronad«: was also added.

ed. The smaller circular towers, built in the same island, were 35 feet
exterior diameter at top, their exterior height being 30 feet, with a slope of
1-12th or 1-15th. The thickness of the parapet was 7 feet 6 inches all round ;
its height 5 feet 10 inches ; and its dip 2 fect 9 inches.

The form of the interior of the tower was an irregular octagon, which was
described by first drawing a rectanglc of 18 by 20 feet ; and then setting off,
from cach angle, 3 feet upon the short sides, and 8 feet 3 inches upon the
long sidcs. The adjoining points, thus found, heing connected by right
lincs, formed the short sides of the requircd octagon, the center of whiok
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It was before stated, that strong timbers may be used in lieu of
arches, for covering a battery aguinst a plunging fire. I shall

did not correspond with the center of the tower, but was placed 2 feet
6 inches in rear of 1t towards the land side , i order to increase the strength
of the masonry towards the sca.  The plan of the vpper story of one of
these towers is represented by the first of the annexed figures, in which the
ongzmal rectangle is marked by the letters, a, b, ¢, d. The second figure
represcnts the plan of the top of the tower, in which the purapet and bag-
quette and pivot of the gun are distincetly shown,

The height of the lower story of these towers was 9 feet up to the crown
of the arches, by whieh it was covered: the thickness of masonry over
which was 1 foot.  The height of the upper story up to the crown of the
bhombproof arch was 10 feet. The two aiches of the lower story were cach
9 feet 6 inches span and 2 feet 3 inches rise, resting partly on the sides, a b,
and c¢ d, as abutinents, and partly on an itermediate pier wall 1 foot thick.
The bombproof arch rested on the sides, a ¢, and b d, as piers, and was 18
feet wide, with a rise of 6 feet. The depth ot mnasonry over the crown of
this arch was 5 feet 6 inches. The whole of the above arches were irregular
in their appearance, being of course imperfect near the angular parts, a, b,
c,and d. One of the arched apartments of the lower story was subdivided
into two, by a partition wall. The exterior entrance or door of the tower
was 2 feet 6 inches higher than the upper story, to which there was a
descent of 4 steps. Over the door was a rectangular shaft about 2 feet
6 inches by 2 feet 10 inches, by means of which there was an ascent to a
small machicooly chamber, represented by the dotted lines in the second
figure, the interior width of which varies from 4 feet 6 inches to 6 feet 6 inches,
in the clear. The machicooly was supported by 4 corbels, and projected
2 feet beyond the rest of the parapet, as is shown in the same figure. From
the chamber to the terrace, there was an ascent of 3 steps each 1 foot high.
The descent to the lower story was by a hatchway. Recesses not shown
in the figure, were cut in the parapet of cach of these small towers, for
placing a grate to heat shot: in one of these towers, only, a small brick

112
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conclude this chapter, by describing some other defensive purposes,
that have not yet been noticed, to which woodwork may be applied,
particularly in those countries in which trees are plenuful.

L]
furnace, for that purpose, was built in the said recess. As far as regards
the general form of the interior of the above towers, and the nature of thew
arches, the construction used may perhaps be allowed to be one of the
simplest and most convenient, that could have been adopted, provided that
the principal entrance and shaft had not been pierced 1n vne of the abut-
ments of the great arch.

The whole of the towers. constructed in Minorea, hidd not only airholes fin
the powder magazine, but also a few loopholes or small windows cut in the
lower story, hesides several in the upper story.  They were all tounded on
rock, having cisterns arched at top, cut out of the rock. In some of them,
a small well-hole was sunk from one of the windows ol the upper story, tor
drawing water from the cistern, without going down below.

One tower, built in the same islund. was of a very peculiar construetion,
having a narrow circular crenneled gallery in the lower story, inclosing the
powder magazine. The loop-holes of thus gallery, wlhich were pierced
through the exterior walls of the tower, were not cut perpendicularly, in
the usual manuner, but obliquely, and cither proceeding 1n angles from some
common junction, or intersecting each other, in the form of the letters V
and X. I thought it proper to mention this circumstance here, principally
for the sakc of defining these DIVERGING AND INTERSECTING LOOP-HOLES,
as they are called, which are often to be met with in crenncled defensive
works, particularly if the walls ure thick. The samne tower had also a
counterscarp and glacis, and a crenneled counterscarp gallery of small
extent, for the purpose of producing a reverse fire in the direction of the
principal entrance.

In the remaining towers, which are about to be described, and whieh
were built in various parts of the British dominions, there were no external
aperturcs whatever, cxcepting in the upper story, the lower apartments
being ventilated entirely by winding air-holes, about 1 foot square, curried
up in the walls to a much higher level.

8d. Some towers were built of an ellipse like form exteriarly, their
transverse and conjugate axes being 39 feet 6 inches by 36 feet 6 inches at
top. 'The curve was composed of four circular arcs, described from so
many different centers. The exterior height was 34 feet with a slope of
1-10th. 'The terrace was a circle of 24 fect diametcr, the greatest thickness
of the parapet heing 9 feet 6 inches; its least thickness 6 fect; its height
5 feet 10 inches ; and its dip 1 foot 9 inches.
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In field works, such as redouts, &c. the powder magazines are
always counstructed of woodwork. The interior section given to

The form of the interior of the tower is similar to that of the terrace, and
iinmediately below 1t, bemng also a circle of 24 fect diameter. The lower
story 1s covered by 1w comnmon segment arches, the greatest span of
which is 10 fee1 101 1nches, their greatest nise being 3 feet 9 inches. They
spring paitly 1+ oo right-hned central pier, 2 feet 3 inches thick, and
partly from the »xteitor walls as abutments, wlinch, as these are of course
ncarly semiencaar, nceasions the said arches to be of a very irregular -
appearanc e, lient sechion in no two parts being exactly alike. The upper
story of the vower s covered by a segment dome of 24 feet span, and 6 feet
O 1ches 1ive  Lhe height of the lower story, measuring from the wooden
floor to the «rown of 1he arches, by which 1t is covered, is 8 feet 9 inches ;
the thichness of masonry at the crown of these arches is 1 foot 6 inches :
height rum thence to the crown of the dome, including the wooden floor
of the upper story, 12 feet 2 inches. Depth of masonry over the crown
of the doine 8 feet 6 inches.

Two staircases each 2 feet 6 inches wide, constructed in the thickest
sides of the tower, lead from the upper story, one of them to the terrace,
the other to the lower apartments.  Their outline is parallel to the interior
circle of the tower, from which they are divided by a wall 1 foot 2 inches
tlnek, the inside of which corresponds with the said circle.

Below the wooden floor of the lower story is a tank 5 feet 1 inch high,
measuring to the crown of a nine-inch arch, by which it is covered, the
scetion of which is a scgment of 10 feet span and 1 foot 2 inches rise.
The thickness of the floor of the tank is 9 inches.

4th. Other towers weie constructed, also of an elliptical form, exte-
viotly, their transverse and comjugate axes at top being 39 feet 10 inches
by 36 fect 10 inches. 'T'heir exterior height was 32 feet, with a slope of
1-10th. The terrace was a cirele of 36 feet diameter; the greatest thick-
ness of the parapet being 8 fect 10 inches; its least thickness 5 feet; its
height 5 fect 10 inches ; and its dip 1 foot 2 incles.

The height of the lower story of the tower, from the level of the wooden
floor to the bottom of the joists of the floor above it, is 7 feet 8 inches.
The total depth of wood work of the floor of the upper story is 1 foot.  The,
height of that story is 10 feet 7} inches, measuring to the crown of the
annular bombproof arch, which is a seginent of 11 feet span, and’3 feet
2 inches rise.  The total depth of masonry over the crown of the arch is
5 feet 6 inches. The central pier is 4 feet in diamcter, which in the lower
story is increascd by offsets to 5 feet.  'The general outline of the inferiox
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them, in field batteries in a siege, is usually a right-angled triangle,
of which the’ base and height are nearly equal. The roof, which

of the tower is formed by a cirele af 26 feet diameter (including the above
pier), the center of which circle is immediately below that of the terrace.
Abont one fourth of the lower story is partitioned off by hrick walls, and
covered by light arches, which spaee is appropriated to the powder maga-
zine and its vestibuic, the budy of the magazine being partly formed by a
recess cut In the exterior wall of the tower, the thickness of which 1
therehy reduced to 7 feet 6 inches at that part.  ‘The descent to the fower
apartments is by a hatchiway : the aseent to the terrace is by a staircase
1 foot 10! inches wide, the interior wall of which 18 3 feet thack, and pro-
Jjects 2 feet inwards, beyond the general outhne of the upper story.

$th. The largest hind of tower, before-inentioned in tie text, shall
lastly be described more in detal.

The exterior outline at top 1s an irregnlar curve, (represented in the
figure given in page 179) the transverse and conugate;diameters of which
are 50 feet 7 anches by 47 feet 7 inches, as was before stated. The extenor
height is 35 feet, with a slope of 1-12th. ‘Fhe encular portions of the ter-
race are described, one with a radius of 10 feet, the two otheis with radii
of 8 feet each, the least thickness of the parapet, which 1s very inegular in
its form, being 6 feet: als wterion beight 6 fect, and its dip 1 foot 6
inches.

The height of the lower story of the tower, from the level of the wooden
floor, 1o the hottom of the joists of the floor above it, is 8 feet 9% inches.
‘The total depth of woodwork of the floor of the upper story 1s 1 foot. The
beight of that stery is 11 feet 91 anches, measwing to the crown of the
annular bombproot arch, which is a segment of 14 leet 6 inches span, and
4 fect 3 inches rise.  The totul depth of masonry over the crown of the
arch is 3 fect 6 mches.  The central prer is 6 {eet in diameter, which i the
Jower story, is increased by oflsets 10 7 feet. The general outline of the
interior of the tower, is formed by a ciiele of 55 feet diameter (including
the above pier) in the upper story, but by a cirele of 34 feet only, in the
Jower stogy, the latter being redueed in widih in arder to obtain offsets for
suppotting the wall-plate of the wooden floor above it; a purpose which,
in the lugt described tower, was cffected by stone corbels.  About one
fourth of the lower story is partitioned off by brick walls, and is covered
over by ninc-inch arches, which space is appropriated to the vestibule and
light roum of the powder inagazine, the hody of it being partly formed by
a reeess of 14 feet by 4 feet 9 inches, cut into tbe exterior wall of the
towcr, 'The remuinder of the lower story is partitioned off into various
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corresponds with the hypothenuse of the triangle, and which con-
sequently slopes on oue side ouly, is formed of strong timbers of

R

store rooms, and there are 4 recesses cut into the exterior walls in certain
parts of that story.

Tu some of the towers, which we are now describing, the counterscarp is
22 feet high above the level of the ditch, of which 20 feet 9 inches are
reveted, the remamder being formed with an earthen slope. The counter-
scarp tevetment s 1 fuot 104 inches thick at top, with a slope of 1-6th, its
outline bew perfeetly crrcular, and described with such a radius, that the
narrowest parts of the diteh are 35 feet wide at bottom. It has counter-
forts 1 foot long aud 3 feet wide, built at wtenals of 18 feet apart from
center to center. The slope of the glacis is not quite regular, but in general,
When produced, it cuts the tower about 2 feet below the exterior crest of
the parapet,

The exterior walls of this and the last described tower had each founda-
tions, about 5 feet deep, below the surfuce of the ground. Under the
wonden floor of the lower story were snverted annular segment arches
1 fvot 6 inches thick, the form of which as iepresented in a section is not
regular, the ceuter, from whence the curve is described, being much
neater to the exterior walls than to the central pier. The whole space
below these imverted arches is filled with masonry, extending to the same
depth as the bottom of the exterior walls, and connected with it, so as to
form a contmued solid stone foundation under the whole tower, the least
thickness of which, at the parts immediately below the crown of the inverted
arches, is 2 feet in the small towers, and 2 fect 6 inches m the larger ones.

In those towers, which had annular arches, the Joists, that supported the
floors, were generally laid diverging from the centrai pier like radii, and
they were forhed near their outward extienuties, a shorter joist being
bolted to each of them, in order to reduce the intervals there, which
otherwise would have been too great.  This method of floorng being
troublesome in execution, joists laid parallel to each other, according 1o
the common method, and partly supported by an intennediate pier wall,
corresponding with the diameter of the interior circle, might be used in
such towers to equal advantage,

All the towers, which have been described, had reservoirs, some under
the floor of the lower story, others in leaden tanks placed i onc of the
store rooms. Their terraces had a proper slope with gutters and pipes to
convey the rain water down into the tanks, which were provided also with
wastc pipes to throw out superfluous water, when sufliciently full. The
tanks were not intended to be used on common occasions, for which reason
wells were cut ncar the towers, paticularly in the ditches of those which
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from 8 inches to 1 foet square, with one end resting on the ground,
whilst the other leans against the upper part of the interior revet-
ment of the parapet of the magazine, which being composed of

had counterscarps. In addition to a principal tank containing about 800
gallons, there was a smaller tank, in each of the large towers, capable of
containing about 450 gallons; which was allowed for daily use, and was
replenished when necessary from the well outside.  In these towers there
was a pump in the upper story, and other convemences for draning water
from the well, and ecither discharging it into the cxpense tank, or raising it
from thence.

The whole of the towers had banquettes, of hard stone. about 1 foot
6 inches wide, and from 1 foot 6 inches to 1 foot 9 inches high. The fore
tracks of the traversing platforms of the lighter pieces of ordnance, when
such were used, commonly rested on these banquettes.

In some of the second rate towers, in addition to one long heavy gun,
mounted on a common traversing platform, the pivot of wlich was fixed in
the center of the terrace, one or sometimes even two carronades, or
howitzers, were fitted up with traversing platforms of a peculiar con-
struction, so contrived, that these and the tormer traversed by means of the
same pivot, and yet could fire in the same direction nearly. This system
was not however found convement, for when guns are so mounted, the
recoil of one is always liable to impede the manacuvres of another. It has
therefore since been laid down as a rule, that whenever more pieces of
ordnance than one are used, each of them should have its own distinct
pivot, with sufficient room to traverse idependent of the others.

The doors of the towers seldom excecded 6 feet 6 inches in their great-
est height, or 3 feet 6 inches in their greatest width, some of them being
much smaller. In case of attack, it was intended, that they, and a part of
the-whole of the windows, should be bloeched up with sandbags, which
therefore formed an article of store, earth bLeing also provided for filling
them, when required. With a view to this emergeney, in the three last
described kind of towers, numerous air-holes were cut, not only in the
lower, but also in the upper story.

It will easily be conceived, that although the general and most important
dimensions of martello towers may be fixed by biief descriptions, such as
those which I have just given, there are many lesser details not to be
understood, without more ample explanations, illustrated either by a number
of appropriate drawings, or by a model. I shall conclude by vhserving,
that guns may not only be mounted on the terrace, but also behind case-
mated embrasnres in the upper story of towers, if it were judged necessary,
and this practice has in some few cases been actuully adopted.
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earth of proper height and thickness, covers it against direct shot
from the cnemy’s guns. By this construction, as the above beams
are laid neaily at the same angle of inclination, at which an enemy’s
shclls must necessarily descend in falling, any shell that strikes the
roof of the magazine, will glance off without penetrating into the
body of it. But in field redouts, if this construction were fol-
lowed, in building the necessary powder magazines, they could
not always conveniently be made spacious enough to contain the
whole quantity of gunpowder required ; and therefore they are some-
times formed with a double set of beams, sloping on both sides,
and meeting in a ridge at top, like the roof of a common dwelling
house.

When this last described method of constructing a field powder
magazine is followed, it will be evident, that shells cannot possibly
be glanced off by both sides of the ridge. In falling upon one of
the sides, they may strike the beams perpendicularly, or nearly so.
None, thercfore, but very strong sound timbers should be used in
this case, which should be connected by proper braces, and other-
wise put together in a substantial manner; and they should after-
wards be covered by several fect of earth, without which they can-
not by any means be considered secure. In order that field
powder magazincs may not be too conspicuous, they are, in dry
soil, always sunk some feet below the surface of the ground, and
the 1ain water is prevented from entering them, either by a cesspool,
occasionally baled out, which is sufficient in a common open bat-
tery; or by a drain, communicating from the magazine to the ditch
of the work. This drain, in a redout or inclosed work, usually
passes under the gate or entrance.

A very extensive use of woodwork, even in permanent fortifi-
cation, has been recommended by some authors, who propose that
bombproof casemates, and crenneled connterscarp galleries, should
be formed thereof. If this suggestion were followed in practice,
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the roofs of the said casemates and galleries may be composed of
strong beams laid horizontally or nearly so, piopeily supported by
uprights at certain intervals ; and the greater the depth, that can
conveniently be given to the woodwork of the roof, as well as to
the superincumbent mass of covering earth, so much the stronger
will these TIMBER BOMBPROOFs be. It is to be remarked, how-
ever, that this construction cau only with propriety be recom-
mended for 1mmediate use, in fortifymg a well wooded country
under cntical circumstances ; for as casemates and galleries must
necessarily be covered with earth, the woodwork will decay, in a
much shorter time than that of a common building: so that,
upon the whole, masonry is preferable, as bemng eventually a
cheaper material.

In fortresses not provided with proper casemates, temporary
bombproofs are often hastily constructed in case of a siege, by
choosing some part of the revetmeunts, which are not exposed to
the effect of the enemy’s batteiics, and setung up strong timbers
against them at an angle of about 45°. Thus are formed a hind
of sheds or huts for the reception of the men, who are not on
duty; the section of which is triangular, and which are usually
called SPLINTERPROOF ACCOMMODATIONS, because they are
more likely, by reason of their slope, to be struck by the fiagments
of a shell after it bursts, than by the shell itself in falling.

A BLOCKHOUSE signifies a defensible barrack, formed or
woodwork, which is gencrally armed with guns on its upper story,
being always made at least two stories high. The walls are built
of strong timbers not less than 1 foot thick. The upper story
should” project about 3 feet, the whole of which projecting part
should have vertical loop-holes, cut at proper intervals, to serve as
a continued machicooly for defending the foot of the building :
these loop-holes to be covercd by shutters, except when actually
used against an enemy, Both stories are also usually crenneled,
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eare being taken, that the lowest tier of loop-holes shall be cut at
such a height, that an enemy, on advancing close to the bottom
of the building, shall not be able to sce into the interior, and fire
conveniently upon the defenders, bv means of their own loop-holes:
a rule, which it is, however, proper to state, is not confined to
blockhouses alone, but should be attended to in every kind of
crenneled defensive work.* The foundation of a blockhouse
should be of brick or stone, built substantially, and carried up
some feet above the surface, whenever the proper materials are to
be procured, and there is no pressure for ime. A flat roof, pro-
perly secured against wet, and inclosed by a musquet proof timber
parapet, is the best hind of covering that can be adopted for such
buildings.

* Loop-holes are usually made narrowest inside, this being gencrally
comidered the best method of constructing them ; bat in reality it seldom
makes any great difference in the use of them, on what side they splay.
If therefore their height 1s equal, on both sides of any crenneled work,
it will be obvious, that the encmy’s troops from without, as soon as they
reach the foot of the watl, may take an equally good aun, through the loop-
holes, and with equal effect, agamst the ganison of the work, as the latter
can do m detending 1t. Consequently the assailants, by superiority of
numbers, may foree a work so constructed to surrender, even without
penetrating into it. For this reason, loop-holes should either be con-
stiucted, close to the surface of the exterior ground, ke those of the
casemated caponier, represented in the second figare of page 384 ; or their
soles should be raised at least 5 feet 6 inches above that level.  In a block-
house or defensible building, not provided with strong interior partitions,
thhs precaution is more essentially neeessary, becaunse it will be evident,
that if an enemy can conveniently fire into the loop-holes, they will be able
to take one part of the defendors an reverse, whilst they oppose the others
in front; so that, even with equal numbers, they must have the advantage.
{n the crenneled countersearp gallenes of works, whose ditches are properly

lanked, it is of less importance on what level the loop-holes are placed,
although it is always desirable that the above rule should be attended to,
when circumstances will permit. It is the same consideration, which ren-
ders the drop before a cascmated battery, absolutely necessary, whenever
the embraswies are placed low,
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The guns im blockhouses are fitted up with breech lashings,
tackles, &c. on the same principle as on board ship, and may
also be placed at the same intervals apart, in proportion to their
nature. Carronades are more commonly mounted in blockhouses,
than long guns. Generally speaking, about 12 feet per gunm, is
sufficient, so that for example a blockhouse of 50 fect square may
have four embrasures or PORTHOLLS * for cannon, on each side
of it; it being observed, however, that when two adjoining sides
of a blockhouse are engaged at the same time, one of those two
guus, which aie nearest to the angle, must remain inactive, as it
cannot be fired without impeding the manceuvres of the other.

It will of course be readily understood, that blockhouses have
not only the great disadvantage of being built of combustible
materials, but are also, from their construction, incapable of
resisting a common ficld battery of equal force. Notwithstanding
these defects, they may however, under many circumstauces, be of
so much use, as fully to justify the crection of them in those
countries, in which their expensc is trfling.

There is another species of defensive work, which may be formed
of timber, called AN ABBATIS, the nature of which shall next be
explained.

A great number of trees arc cut down, and placed in any given
allinement, with all their trunks inwards, and the branches pointing
ountwards, the smallest and wcakest of which are previously lopped
off. It may easily be imagined, that a sufficient number of trees,
put together in this manner, even loosely in the open ficld, will
form a very scrious obstacle to an cnemy’s troops : but to add to
the gt;-ength of abbatis, it is usual to construct an earthen parapet
and banquette for infantry, immediately in rear of the trunks of

—— e

® The term “ porthole or port” is applicd to a rectangular embrasure eut
through woodworh, as for example in ships of war,
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the trees, a part of which may be buricd in the said parapet, 50 as
to increase the solidity of the work.

Abbatis, although effectual against an attack by infantry, may
be greatly injured, and in a certain time rendered unserviceable, by
the fire of artillery. It is therefore common, when they are
employed in the strengthening of earthen works, to place them in
dry ditches, or in other situations covered from direct cannon shot.
When an abbatis is constructed in a ditch, the trunks of the trees
which compose it, may be fixed some feet in the ground, like
palisades, and the general line of the whole may incline outwards,
at an angle of about 45°, instead of being placed horizontally or
nearly so, as in the former supposition.

Although abbatis, and the various other timber works, which
have just been described, are most commonly used in temporary
fortification ; it was judged proper not to omit them here, because,
in cases of cmergency, they may often be applied, with equal
propriety, to improve the defences, or to remedy the existing
defects, of works of permanent fortification.

CHAP. XXIV.

OF THE STRENGTH OF REVETMENTS, AS OPPOSED TO
THE PRESSURE OF EARTH.—VAUBAN’S GENERAL PRO-
FILE ANALYZED.—SLOPING REVETMENTS, RECTANGU-
LAR REVETMENTS, AND COUNTER-SLOPING REVET-
MENTS, COMPARED.—OF DEMIREVETMENTS OR PAR-
TIAL REVETMENTS: AND OF LEANING REVETMENTS.

I shall now explain the principles, which ought to be kept in
. view, in fixing the dimensions of the revetments of a fortress.

It has already been stated, that they should be of a certain
height, in order to render it difficult for an enemy to take them by
escalade, In determining their thickness, one of the principal
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considerations is, to give them sufficient strength, to resist the
great pressure of earth and rubbish, acting aganst the back of
them, which has a constant tendency to overset the wall, and thiow
it forwards into the ditch.

Draw two sections of the rampart of a fortress, of equal height,
mak‘ing the revetruent, in one rectangular, but in the other, let it
have a slope in front, in the usual form ; and let the base of e
rectangular revetment be equal to the mean thickness of the sloping
one: that is to say, let it be equal to oue half of the thickuess at
top, and of the thickness at bottom, of the sloping revetment,
added together.

Let the top of the revetment, and the foot of the interior slope
of the parapet, be upon the same level, in both sections ; and let
the rampart and parapet be of the same dimensions, in both.

From the back of the base of each revetment, draw a dotted
oblique line, ac, mecting the upper part of the rampart, and
sloping in the proportion of 1 to 1. In one of the sections, only,
from the sume point, draw another oblique dotted line, ae, at a
smaller slope. Mark the back of the top of each revetment by
the letter, b, and the bottom of the front of each by the letter, d;
and dot the base of your parapet in both figures.*

® In the succeeding parts of this chapter, a revetment continued up to
the level of the base of the parapet, in the manner represented in these
figures, shall be called a full revetment, although there may not always be
a small exterior parapet-revetment above it, which is gencrally supposed to
be the case, when the above term is used, at least if nothing is specified te
the contrary.
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Tt was stated, in a former part of this book, that earthen works,
unreveted, cannot possibly stand perpendicularly, but must he
formed with a certaiu slope, in order to insure their durability ; that
the looser kinds of earth require a greater slope, in proportion to
their height, than stiff carth; and that, on an average, it has been
found, that earth of a middling tenacity requires a slope of about
1 to 1, such as was represented in your figures, by the line, ac,
to enable it to stand in a permanent form, for any length of time.
Let us suppose that the ramparts, of which we have drawn the
sections, are composed of earth of this last mentioned quality.

Then it must be evident, that, if there were no revetment, the
whole of the earth of that part of each rampart, which is in front
of the dotted lie, a ¢, would be hable to fall ; because it is partly
perpendicular, and even if you were to slope off any portion of
it, from the point, a, in the form, a e, for instance ; such a slope
would still be less than the proper or natural slope, ac, which,
according to our supposttion, is the smallest slope that will enable
earth of the above quality to stand, or preserve its figure for a per-
manency.

Consequently the whole of that portion of the rampart, which
18 represented by the triangle, a b ¢, being supported in an unna-
tural position, may appear to press as a dead weight against the
back of the revetment ; and to this pressure a considerable addition
must be made by the weight of the parapet, which also derives its
sole support from the revetment, as will appear equally evident,
by inspecting either of the figures.

The point, d, at the foot of the revetment, being on the level of
the bottom of the ditch, is supported by the mass of ground in
front of it, against the pressure in rear; and cannot be forced from
its place. No other part of the revetment is so supported, and
therefore, the tendency of the pressure of earth from behind is to
overset the wall, by throwing it forwards upon the point, d, as on a
pivot or fulcrum.
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As far as regards the difference between your two sections, it is
to be observed, that by constructing the frout of a 1evetment with
a slope, the pivot is thrown more forward, whilst the great weight
or mass of the masonry, or in other words the ceuter of gravity of
the wall,* is kept more backwards, than would be the case in a
rectangular wall, containiug the same quantity of materials. The
mass of masonry, contained in a sloping wall, does therefore resist
the pressure of the earth behind it, with a longer lever, than could
&e done by the same mass, contaiued in a rectangular wall of equal
height ; and consequently, according to the principles of mechanics,
the former is the strongest of the two.

For this reason, exterior slopes have almost always been con-
sidered proper, not only for the revetments of fortresses, but also
for retaining walls, in civil works. * The more early modern engi-
neers usually gave their revetments a slope of one fifth. Afterwards
one sixth was more commonly used. Latterly, it has, by many,
been considered best to reduce it to a still smaller proportion, such
as one eighth, one tenth, or one twelfth; and some writers of
reputation have even recommended, that the slope should be sup-
pressed altogether.

The reason urged is, that the sceds of vegetuble matter, which
scldom or never affect a perpendicular surface, generally insinuate
themselves into the joints of sloping walls; where they take root,
and by degrees ruin the face of the masonry. This remark may
be proved, by daily observation, in the horizontal or sloping parts
of common garden walls, &c. ; and it has actually been found, that
the revetments of fortified places, when constructed with great
llO];ea, such as one fifth, are liable to considcrable external injury
from this cause, so that they require new pointing and facing, from

® For varions uscful propositions, relative to the center of gravity of
bodics, sece Dr. Hutton’s Coursc of Mathematies. Vol. LL



VAUBAN’S GENERAL PROFILE. 497

time to time ; a mode of repair, which never unites well with the
body of the original work.

In practical aits, the surest rules are always derived from expe-
rience. Having noticed the general principles, according to which
the strength of revetments ought to be regulated ; I shall theiefore
proceed to state the actual dimensions, used by Vauban, who was
employed in the construction and repairs of a very great number of
fortresses ; and whose walls are not, in any case, said to have failed.

He gave all bis revetments an exterior slope of one fifth ; and
made them uniformly 5 feet 4 inches thick at top; so that their
thickness at bottom would of course vary, in proportion to their
height. He always used dimimshed counterforts, making their
breadth at the tail, two thirds of their breadth at the root ; and placing
them at central intervals of from 15 to 18 feet apart. For a revet-
ment 10 feet high, he allowed a counterfort 4 feet long and 3 feet
wide at the root. For every additional 5 feet of height given to the
revetment, he made his counterforts 1 foot longer, 6 inches br ader
at the root, and 4 inches broader at the tail. 'The general profile,
thus regulated, will afterwards be more particularly explained by
the first table of revetments (See page 501).

Vauban almost always constructed his ramparts with full revet-
ments, surmounting the common scarp revetment by a small exterior
parapet revetment. Draw therefore a rampart in that form, adding
a dotted line, as in your last figures, to represent the natural slope
of common earth, and let the point, where this line meets the
upper part of your rampart, be marked by the letter, c. Mark

the bottom of the revet- _/1\_F
ment by the letters, ad, s T e
and the top of it by the f
letters, b e. Mark also \

the parapet by the let-
ter P.

The solidity and weight of the scarp revetment, in our present
YoL. 11 K K



498 ELEMENTARY FORTIFICATION. cnar.xxiv.

figure, will be represented by the area of the figure, abed; whilst
the weight of earth, acting upon it, will be represented by the area
of the triangle, ab c, added to that of the earthen part, P, of the
parapet.*

If we suppose the small exterior revetment of the parapet to be
3 feet thick, and the total thickness of the parapet, at top, to be 18
feet; there will remain 15 feet, for the thickness, at top, of the
carthen part of the parapet. Let us further suppose, that the
parapet has an interior slope of one third, with a dip of one sixth
of its thickness ; then the exterior height of the earthen part of the
parapet will be 5 feet. This number will also express the interior
height of the small parapct-revetment ; the exterior height of which
will be 4 feet 6 inches.

Assuming these dimensions, the area or superficial contents of
the earthen part of the parapet, P, will be 103:125 superficial feet ;
and the area of the small exterior revetment of the parapet will be
1425 superficial fect, in all cases, whatever the height of the revet-
ment may be. The conteuts of the triangle, a b c, will vary accord-
ing to the height of the revetment. Let us suppose, for cxample,
that the said height, represented in our figure by the line, a b, is 30
feet; bc will also be 50 feet, because the slope of a c is supposed
to be in the proportion of 1 to 1. The area of the triangle, a b,
will therefore be equal to half the square of £0, that is to 450
superficial feet. Add this number to 103:125 the area of the
earthen part of the parapet, before found, and the sum will be
558125 superficial feet, which will represent the total quantity of
earth, pressing upon the revetments.

* Generally speahing, this applies to all the heights most commonly used
for revetments ; but if the height is much less than usual, as for instance, if
ab is supposed to be less than 15 feet; then o part only of P must be
included in the pressare, becanse the dotted line, a ¢, will not fall in rear of
the parapct, but will cut off some pottion of it, in the manncr represented
by the linc. ae, in the first tigurc given in this chaptor.
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By referring to the first table of revetments, you w.:!} find that the
mean thickness, of one of Vauban’s scarp revetm-ni-. . ) feet high,
is 8 feet 4 inches. Multiply these numbers together, ana the product,
250 superficial feet, will represent the total quantity of masomy in
the scarp revetment of your figure.

The quantity of masonry in one of Vauban's scarp revetments,
supposed to be 30 feet high, is therefore to the quantity of earth,
pressing upou the back of it, as 250 to 553-125, or as 45} to 100
nearly. But as we do not learn, that he ever dispensed with coun-
terforts, in his scarp revetments, the above cannot be considered
as the true proportion, between the quantity of masonry and the
pressure of earth, in that Engineer’s profile. We must therefore
calculate, and add in a certain proportion, for the contents of the
counterforts ; and we must also take into consideration the smail
exterior revetment of the parapet, before we can arrive at a true
conclusion.

In a revetment 50 feet high, the length of Vauban’s connter-
forts, according to the Table, is 8 feet, and their mean width
4 feet 2 inches. Multiply these three dimensions together, and
you will find a result of 1000 cubic feet, for the solid content of
cach counterfort.

Vauban’s counterforts are placed from 15 to 18 feet apart,
according to circumstances. Their mean distance ficm center
to center may therefore be considered equal to 16} fret. An
additional mass of 1000 cubic feet of masonry being there-
fore added to cvery sixteen feet and a half, in length, of the
revetment ; if you divide 1000 by 163, the quotient is GO-60G
superficial feet; which will represent the mean quantity of masonry,
added to the arca of the revctments in general, by the counterforts.

. Again, if the above result is divided by 30, the height; the
quotient will be 2:0202 or 2 feer 0} inch nearly, which shows the
mean thickness, that would be added to the revetments, by the
total quantity of masonry, contained in the counterforts; if,

X K 2
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instead of being built in that form, it were applied to the back of
the scarp revetment, in one continued mass.* Adding therefore
2 feet 0} inch to B feet 4 inches, which, according to the Table,
is the mean thickness of masonry in one of Vauban’s revetments
S0 feet high, the sum will be 10 feet 4} inches, and this will
represent the mean thickness of a wall 30 feet high, supposed to
be built without any counterforts; and composing a mass of
masonry, equal to the whole of that, which is contained in Vau
ban’s scarp revetment and its counterforts, added together.

It was before stated, that the quantity of masonry, contained in
the scarp revetment of our profile, is represented by 250 super-
ficial feet; that the mean quantity of masonry, added to this by
the counterforts, 1s 60-606 superficial feet ; and that the quantity
of masonry, contained in the small exterior revetment of the para-
pet, is 14-25 superficial feet. These numbers, added together,
amount to 324'856 superficial feet, which will consequently repre-
sent the total quantity of masonry, employed in ouc of Vauban’s
profiles, 30 feet high.

The proportion, therefore, between the quantity of masonry and
the pressure of earth, acting upon it, in one of Vauban’s profiles
of the above height, will be as 324856 to 553:125; or as 58731
to 100 nearly.

Upon similar calculations, has been formed the second Table of
revetments, which is a kind of analysis of Vauban’s gencral Profile.

®* RuLe. To find the mean thickness of masonry added to any profile b;
the counterforts, by a shorter method. Multiply the length of the cound
terforts by their mean width, and divide the product by their distance from
ccater to center.

Thus for example, in Vauban's scarp revetments, 30 feet high, multiply
8 the length of the counterforts, by 4 feet 2 inches, their mean width; and
the product 33§ fect, divided by 161 feet, the mean distance of the coun-
terforts from center to center according to the Table, will yicld a quotient
of 2 fect 01 inches nearly as before. The longer method, given in the
text, was mercly inserted for the sake of clcarness, it being more expla-
natory.
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The last column in the second table, which states the quantity
of cubic yaids of masonry contained in one running yard of ram-
part, has been added for the purpose of enabling the reader to
form an expeditious estimate of the average quantity of masonry
required for the scarp revetments of a fortress of any extent.

For example,” by referring to the first Table in Chap. X VI, (See
page 324 it will be found, that the length of the outline of a front
of fortification of 584 vards exterior side, with a perpendicular of
64 ymds, and faces of 110 yards,1s 482:6 yards. If we suppose the
fortress to be a hexagon, the above number, multiplied by 6, gives
28956 for the total leugth of the scarp revetments of the main in-
closure, in yards. But if the walls are 30 feet high and constructed
according to Vauban's general profile, there will, by the second table
of this chapter, be 36005 cubic yards of masonry in each running
yard of rampart. Multiply, therefore,the numbers 2895-€ and 36:095
together, and after striking out superfluous decimals, the product
will be 104,516 nearly, which shows the total number of cubic yards
of masonry, that will be required for building the whole of the scarp
1evetments and counterforts of the body of the place of the sup-
posed hexagon, according to the said profile. It will be evident, that
a similar combination of the various tables, contained in Chap. X VT,
and in our present chapter, may be easily applied to a great variety
of other cases; and therefore more examples may be deemed
superfluous.

Some writers on fortification, in treating of this part of their
subject, have laid down as a rule, that the scarp revetment alone,
without the assistance of counterforts, should, in all cases, be in
exact equilibrium with the pressure of earth nearly; and just
capable of resisting it. And that, after this point is determined,
<ounterforts should be added, also bearing some invariable pro-
portion to the pressure, in order to insure the durability of the
walls, and to give them, at all heights, a certain fixed prepon-
derancy over the force which acts upon them: so that the strength
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of the total mass of masoury shall, in cvery part of the fortress, be
greater in the said proportion; as, for instance, that it shall be
greater by one half, or by one third, than what is absolutely aud
barely necessary for resisting the pressure. Reasomug on the
above principle, many authors have censured Vauban's general
profile, as contained in the foregoing tables, alleging, that his
revetments, in low profiles, are unnecessarily strong : but that, in
high profiles, they are a great deal too weak, in proportion to the
pressure of earth acting upon them.

For example, by referring to the last Table, vou will find, that
in walls 20 feet high, the masoury contained in Vaubanw's scarp
revetment is to the presswe of earth, as 146:666 supeiticial fect to
303125, or as 48385 to 100 uearly: whereas in walls 80 feet hugh,
the proportion of the masonry contained in his scarp revetment is
to the pressure of carth, as 1066:666 to 3303123, or as 2:2Y2 to
100 nearly : the revetment being stronger by about one half, m pio-
portion to the pressure, in the former case, than in the latter,

Again, by further examining Vaubaw's general profile, it will
appear, that there is no fixed proportion between the stiength of
his scarp revetments aud that of his counterforts : for i his low
profiles, the mass of masoury, contained in the former, bears a
much greater proportion to that, which is contained in the latter,
than in lis high profiles; and in a0 two different heights is it the
same.

For example, in walls 10 feet high, it appears by the second
table, that the scarp revetment is to the counterfort, as (3-333
superficial feet to 6-06, that is to say, the revetment is more than
ten-times greater than the counterfort. In walls 20 feet high, the
scarp revetment is about six times greater than the counterfo
in walls 40 feet high, it is about three times greater: in walls
feet high, it is about twice as great: but in walls 80 fect high,
the scarp revetment is only greater, by one half, than the coun-

terforts.
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As Vauban must, therefore, have acted upon quite a different
principle, from those, who rccommend that the revetment and the
counterforts shall, in all cases, bear nearly the same given ratio to
cach other, whatever the height may be: it seems by no means
fair, that these authors should decide upon the ment or strength of
his general profile by their own rules, in the manner before men-
tioned. We are not mformed, that, in any instance, that Engineer
ever bumit his revetments without counterforts; and therefore the
only just method of judging of the strength of his walls, is to
consider his revetments and counterforts not separately, but as
combined together, and forming only one and the same mass,
which is always the case n reality, when the masonry is good.
And if the subject is thus considered, Vauban’s general profile will
not appear to be so very inconsistent withitself, at different heights,
as is pretended by the writers before alluded to.

For example, by the sccond table, it will be seen that in walls
of from 20 to 35 feet, which comprehend the heights most gene-
rally used m the revetments of foitresses, the proportion of the
total quantity of masonry in Vauban’s general protile, when com-
pared with the pressure of earth, varies only between the ratio of
61'083 to 100, and the ratio of 57-42 to 100, which ditference
is by no means considerable ; and even if we take those two
ratios, given in the samne table, which are the most discordant with
ecach other; the masonry of the one is only stronger in proportion
by about one eighth, than that of the other.

Still as there is a difference of ratio, at different heights, which
although not very great, may certainly be considered as a defect
in Vauban’s general profile; it may be dcemed best, instead of
following implicitly the rules laid down in his tables, to adopt from
amongst the various ratios, used by him, that which is the least
expensive, of all those whose strength has been fully proved by
experience. Now it is well known, that Vauban’s revetments were
generally about 32 feet high, measuring from the level of the ditch
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to the cordon, that is to say without including the small exterior
revetment of the parapet. He may occasionally have made s
revetments lower, but seldom or never much higher than the above
dimension. We muy therefore call 30 feet the average height.
But by the sccond table, it appears that at the beieht of 30 feet,
the total quantity of miasonry in Yauban's general protile is to the
pressure of earth as 58:731 to 100.  Without regarding the ratios
used by him, at other heights, greater or less than the above, this
therefore may be assumed as a good propottion to folluw n prac-
ticc; that 1s to say, it at any height of profile whatsoever, we
make the strength of our masonry to the pressure of earth acting
upon it in the same proportion, namely as 58:731 to 100 nearly, we
shall run no risk of failure.

In some cases, however, it is to be observed, that Vauban admit-
ted of a deviation from the proportions, stated in his gencial
profile. If, for instance, the masonry used in constructing a for-
tress, was of a bad quality, he recommended the thickness, at top,
of the scarp revetment, to be increased to 5 feet 10 inches. If, on
the contrary, the masonry was remarkably good and strong, he
then allowed 4 feet 10 inches only, for the thickness, at top, of
his scarp revetment ; which is 6 inches less than the dimension laid
down in the table. In some of his works, the small exterior
revetments of the parapets were either dispensed with, or after-
wards pulled down; and yet no failure ensued. Supposing all
these diminishing circumstances to take place in a revetment of 50
feet high, and that the counterforts are built at intcrvals of 18 feet
from center to center, which we are told was the practicg most
commonly followed by Vauban; then instead of the propoMjon
laid down in the table, the total quantity of masonry of such’
profile would be to the pressure of earth as 290°555 to 577°5, or
as 50°312 to 100 nearly.

Moreover it appears, that other Engineers, who have subse,
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¢
quently been employed in the construction of fortresses, whilst they‘
adhered to Vauban’s general profile in other respects, have usually
diminished the slope of their revetments from one fifth to one
sixth, without making any addition to the thickness at top, on that
account. In a revetment 30 feet high, this construction also
diminishes the total quantity of masonry to the last named ratio;
and yet we do not hear that, in any iustance, it has been found too
weak.

Upon the whole, it follows, that if the quantity of masonry in
any profile is made to the pressure of carth, as 58:731 to 100, it
will be perfectly suong in almost all cases ; that in many cases, it
may even be dimmished, so as to bear to the pressure a proportion
of 50°312 to 100 : but it certainly would not be prudent, m ram-
parts composed of common earth, to make the revetinents much
weaker than the last named ratio, as we have not experience to
guide us, aud there might be a risk of failure.*

Having so far explained the general rules, which ought to be kept
in view, in the construction of scarp revetments; we shali next
proceed to treat of the rules, that apply to the counterscarp 1evet-
ments of a fortress, and to the gorge revetments of outworks.

Draw a fizure to repiesent part of the ditch of a fortress, with
the covered way and glacis in front of 1t; introducing a counter-
scarp revetment, but without any counterfort. Mark the top of
the said revetment by the letters, eb: murk the bottom of it by

* I made use of the expression “ common earth,” because there are
somse kinds of soil, on which a fortvess may be built ; such as chalk, &c.
which will of themselves stand nearly perpendicularly, and yet which it is
proper to revet. In such soils, revetnents considerably weaker, even than
the last named ratio, might suffice, as far as the pressure alone is concerned.
For these cascs, no precise rules can be given before hand, as they may
admit of great variety; and therefore much must depend upon the judg-
ment of the Engincer employed.
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the letters, d a; and draw a dotted live, a c, sloping upwards, in
the proportion of 1 to 1, in order to mark the extent of the
pressure of earth, acting against the back of the revetment.

b v_.ll/\

:

\

—d a2
-

As the breadth of the covered way of a fortress 1s always con-
siderably greater than the height of the revetment ; the dotted line,
a ¢, must either terminate in rear of the bauquette, in the mauner
represented in our present figure, or, at all events, it would only
include a small portion of it. In counterscarp revetments, there-
fore, generally spcahing, the pressure of earth may be, in most
cases, represented by the tiiangle, a b c; at least it can never
exceed that proportion, except in a very inconsiderable degree:
and in the gorge revetments of works, it may always be represented
by the said triangle. Although neither the covered way of a for-
tress, nor the interior of any other work, are ever made cxactly
horizontal ; we shall, in the present part of our subjeot, suppose
them to be so, for the sake of clearness, as the difference is usually
very trifling, and therefore not worthy of notice, in the calculations,
which are now about to be made. Under this supposition, by
reason of the nature of the slope of the line, a c; the length, b c,
will be equal to a b, the height of the revetment.

The superficial contents of the triangle, a b ¢, will in all cases,
therefore, be equal to half the square of a b. Consequently, if
we suppose our counterscarp revetment to be 20 feet high, the
pressure of earth, acting’ on the back of it, will be represented by
200 superficial feet.

By analyzing Vauban’s general profile, we before came to a



STRENGTH or COUNTERSCARP REVETMENTS. 509

conclusion, that if the walls of a fortress, (counterforts included,)
are to the pressure of earth, acting upon them, as 58731 to 100,
they will be sufficiently strong. To find the strength of masonry,
necessary to support the earth, in our present profile, we must
therefore say, as 100 superficial feet, arc to 58:731; so are 200 to
117-462. The last-mentioned number, thus found, indicates the
superficial contents of the profile of a revetment 20 feet high,
necessary for supporting the pressure of earth of a simple terre-

plein without any parapets; such as acts upon counterscarp and
gorge revetments.

This point being determined, divide 117:462 by 20; and the
quotient 5°8731, or 5 feet 10} inches nearly, shows the mean thick-
ness of a wall, of the above height; which shall be equal to a
proper counterscarp revetment and to its counterforts, also sup-
posed to be of the same hcight, added together.

In order to find the thickness, at top, of a sloping wall, con-

taining the same quantity of materials, you must next deduct half
the base of the given slope from the mean thickness.

For example: if you suppose the wall to have a slope of one
fifth, the base of this slope, in a revetment 20 feet high, is 4 feet.
Deduct 2 feet, which is one half of the above base, from 5 feet
10} inches, the mean thickness; and the remainder 3 feet 10}
inches will give you the thickness, at top, of a wall, having a slope
of one fifth, and capable of supporting the pressure of earth of a
simple terreplein without any parapet.*

Upon similar calculations has the following table been formed.

- ra—

* 5 feet 101 has becn assumed in calculating the following table, althoush
the real proportion fulls a little short of that dimension.
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The pressure of earth, in our last profile, is always represented
by the right-angled triangle, a b ¢ ; and this triangle having its base
and hcight equal,* in all cases, no matter how high or how low the
profile may be; the said pressure is consequently represented, at
all possible heights, by figures similar to each other. And for this
reason, the thickness and height of the walls, calculated in our last
table, are in all cases in the same proportion to each other.

In walls of fortification, on the contrary, which are to support a
parapet in addition to the terreplein; the figures, which represent
the total pressure of earth, cannot possibly be similar to each other,
at auy two different heights; because the parapet, which forms a
part of the above pressure, remains of the same iuvariable dimen-
sions nearly, in the highest as well as in the lowest profiles. For
this reason, in scarp revetments, even although calculated on the
Justest principles, the mean thickness of masonry, and the height
of the revetment, will never be in the same proportion to each
other, at different heights.

It was before observed, that the strength of masonry, in Vau-
ban’s general profile, does not appear to be exactly preportioned to
the pressure, in all cases : for this reason it was judged best to
construct the last table, rather according to his practice than to his
theory ; and therefore the dimcnsions, laid down in this table,
which is calculated for walls without parapets, are, in high pro-
files, stronger than those of Vauban’s general profile ; although the
latter has, in all cases, a greater pressure of earth to support. It
is only in walls of 30 feet that they will be found nearly to
agree.t

* If the line, ac, had a different slopc from what is supposed in the text,
-the basc and height of the triangle, although not cqual, would be propor-
tional, in all cases, so that the same result would still follow.

+ 1t was stated, that in many cases, in scarp revetments of 30 feet, the
masonry had heen found strong enough, when hearing to the pressure of
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I shall here remark, that two advantages arise, in fortification,
from the use of counterforts. In the first place, a wall built with
counterforts has a greater base, and conscquently more stability
than another wall, tontaining an equal mass of masonry, but having
no counterforts; for, in the former case, the center of gravity
of the whole mass of masonry is thrown a great deal more back,
than in the latter case, and therefore it resists the pressure of earth,
which tends to overset it, with a much longer lever. In this view
of the subject, it will appear that of two different counterforts
supposed to be of the same height, and also equal to each other
in solid contents; that which is the longest will be the most
advantageous,

Secondly, it is more difficult to effect a practicable breach, by
means of battering guns, in a fortress, whose revetments are backed
by couaterforts, than when there are none.

In our last table, the dimensions of walls without counterforts
only are given. But as this mode of building is not to be recom-
mended, in works of fortification, I shall next state the method of
determining the dimensions of revetments and of their counterforts,
which, when added together, shall be equal to the above. The
solution of this question depends upon such very obvious prin-
ciples, that it may perhaps secm quite superfluous to offer any
explanation of it. In conformity, however, with the general plan
of this work, which has been to placc every thing in the clearest
and simplest point of view, I judged it best not to omit it.

earth a ratio of 50'312 to 100 only. If Table III. had been calculated
according to this last-mentioned ratin, then the mean thickness proper for
a revetment of 10 feet bigh, would have heen about 2 feet 6} inches only.
and the mean thickness, at any other height,” wonld have been in the same
proportion. In a revetment 30 feet high, for example, the mean thickness
ought, according to this proportion, to be 7 feet 6} inches.
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Draw a simple revet-
ment without any coun-
terfort, in order to repre-
sent the given wall : and
mark the top and bottom
of it, by the same letters,
be, ad, used in your
former figures.

The front of our given revétment may be supposed to have a
slope, but the nature of this slope, and indeed whether it has any
slope or not, is of no importauce in the following question. The
only thing, necessary to be considered, is the thickness at top, b e,
of the wall, which we shall suppose to be of any given dimension,
such as 8 feet 6 inches, for instance.

Let us next suppose, that after due consideration, we fix upon
any dimension, rather smaller than the atove, 6 feet for example, as
the proper thickness at top for another proposed revetment, which
is to be built with counterforts, in such a manuer as to form, by
means of the said counterforts included, a mass of masonrv exactly
equal to that of our given revetment. (See the mext figure.)

Upon the top of your given revetment, set off, from front to
rear, a space, e f, equal to 6 feet; and draw the dotted live, fh,
parallel to the back of the said revetment.

This being done, the space, h f e d, will reprcsent the dimen-
sions, which are to be given to your proposed revetment; whlst
the remaining space, a b f h, the thickness of which is 2 fect 6
inches (this being equal to the difference betmween 8 feet 6 inches
and 6 feet), will represent that portion of the masonry of your
original revetment, which is to be thrown into counterforts, in
constructing your new profile.

Draw a new section, having the parapet, terreplein, &c. of the
same dimensions as in your former figure ; but let the revetment be

YOL. II. B L
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smaller, making it exactly equal to the portion, h fe d, of your
first revetment, and mark it in the same manuer, but with capital
letters, for the sake of distinction.

The figure, H F E D, thus drawn, will represent the revetment
of your new profile proposed. It only remains to determine the
size of the counterforts; and these, according to the supposition,
are to be equal to the mass of masonry, contained in the portion,
abfh, of your first revetment.

The line, bf, being 2 fcet G inches, as was above stated, the
length of each of the proposed counterforts may be made any
number of times greater than the above, that may be judged con-
venient, as for instance four times greater.

In rear of the revetment of your new profile, you will therefore
draw a counterfort, making it of the same height as the revetment,
and 10 feet long, which is four times the leugth of b f. Andin
order to show, that it corresponds with the portion, a b fh, of
your original revetment, mark it in the samc manner, but with
capital letters.

VA

. \
‘-‘ LN S RS L S A
- L

Then, as the section of the counterfort, A B F H, in your
second figure, is four times greater than the scction of the portion
"of revetment, a b f h, in your first figure; it will be evident, that
whatever may be the width chosen for each counterfort of your
new revetment, the distance from center to ccnter of every two
adjoining counterforts must be made exactly four times the above
width; in order that the total mass of masonry, contained in the
various counterforts of your new revetmeut, way be cxactly equal
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to that, which is contained in the continued portion, ab fh, of
your original given revetment.

For example, if we suppose our counterforts to be each 5 feet
wide, which is a good proportion, then the distance from center
to center must be exactly 20 feet, or four times the above thick-
ness; which will leave an interval of 15 feet in the clear, between
every two adjoining counterforts.

But if, instead of 10 feet, the counterforts had been made 7 feet
6 inches long, which is only three times the length of the line, b f;
and if we fuither suppose, that they had each been made 6 feet
wide, instead of 5 : then their distance from center to center would
require to be 18 feet, this being three tunes the width of oue of
these new counterforts.

It will be unnecessary to add any further examples, as it may
easily be conceived, from what has alrcady been said, that the
dimensions of counterforts, and the intervals between them, may
admit of almost infinite variety, without making any difference in
the quantity of masonry, used in the construction of them.

It was stated, that, for a reason before assigned, which seems
founded upon just grounds, it has been recommended, that the exte-
rior slope of 1evetments should be greatly dimiuished; and that some
writers have even gone so far as to propose, that it should be
enurely done away. In urging the above deviation from the com-
mou system, they do not however intend, that their profile should
become rectaugular, or perpendicular in rear. On the contrary,
they recommend, that this new kind of revetment shall be built of
the same thickness, both at top and bottom nearly, as laid down in
Vauban’s general profile; so that what the masonry loses in slope
towards the front shall be tiansferred to the back of the wall,
The nature of this species of revetment shall next be taken into
consideration. '

Draw two sections of gorge revetments of the same height,

LLS
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making the one rectangular ; but let the other have a slope in rear:
and let the thickness of the rectangular revetment be equal to the
mean thickness of the sloping one, so that the quantity of masonry
in both shall be equal.

Mark the rectangular revetment, by the letters, a b e d: mark
the sloping revetment by the capital letters, A B E D, and in
both figures, draw dotted lines, a f and A f, in the usual manner, in
order to show the extent of the pressure of earth. From the back
of the base of the sloping revetment, you will also draw a dotted
vertical line meeting the surface in the point, b.

Draw a third figure, similar to the second in every respect,
excepting that the back of the slope, A B, must be dotted: in
frout of which, but near it and touching it, draw any convenient
number of steps, and let the breadth and height of each step, be in
Pproportion to the base and height of the slope, A B.

Lastly, from those points, ¢, and C, in your two first figures,
which may represent the center of gravity of the masonry, drop
dotted perpendiculars, meeting the base of their respective revet-
ments, in the points, h and H.

—_——— T

In the first of the above figures, the pressure on the revet-
ment is represented by the triangle, a b f : whereas in the second
figure, it is represented by two triangles, namely, by the triaugle,
A b f, which is equal to the former, and an additional triangle,
AbB.

It is to be remarked, that the slope in rear of the revetment,
represented in our secoud figure, being of a contrary nature to that
which is usually given to revetments in general, is called A coun-

f b_o c b BE
T
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TERSLOPE; aud for the game reason, the said revetment is styled
A COUNTERSLOPING REVETMENT, by way of distinction.*

To return to the consideration of our figures, if we suppose the
lines, af, and A F, in each, to slope in the proportion of 1 to 1, as
we have usually hitherto done ; then the line, b f, will be equal
to the height, A b; and as, by supposition, b B, in our second
figure, is equal to one fifth of the height, it will, of course, also be
equal to one fifth of b f. Therefore, in the two triangles, Ab B,
and A b f, the height of both being equal, and their bases being in
the proportion of 110 5; the area of the small triangle, A b B,
will be exactly one fifth of the area of the larger triangle, A b f.

Consequently, under the supposition, that the earth of our sec-
tions will stand at a slope of 1 to 1, the pressure of earth upon the
slopiug revetment, A B E D, will be greater, by one fifth, than
that which acts upon the rectangular revetment, a b e d, supposed
to contain the same quantity of masonry: and if the slope of the
revetment in the second figure had been greater or less than one
fifth, the additional pressure of earth, acting upon i, would also
have varied in the same proportion.

But it is 40 be observed, that the additional triangle of earth,
A b B, which acts upoa the countersloping revetment, A B E D,
does not only press obliquely but also vertically upon the back of
the wall, A B; whereas there is no vertical pressure whatever on

* When any part of a work of fortification whatever is formed with a
slope, contrary to the usual onc, the same term “ counterslope” is applied
toit. Thus, for example, if the dip of a parapct were laid out towards the
rear, 30 that the exterior crest of the parapet became the highest part of the
work ; the top of the parapet would be said to be formed with a counter-
slope ; a method, which is sometimes followed in construoting mortar
batteries. The soles of the embrasurcs of howitzer batteries are also fre-
quently constructed with a counterslope. Carnot, a French Epgineer (more
known as a revolutionary leader), in his late treatise on the defence of for-
tcesses, recommends & conntersloping glacis.
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any part of the rectangular revetment. And as all vertical or
perpendicular pressures must evidently add stability, whilst oblique
or lateral pressures only can tend to overset; it follows, that the
triangle, A b B, may by its vertical pressure tend fully as much to
strengthen, as it does by its oblique pressure to weaken, the
counterslopiug revetment, represented in our secomd figure. Con-
sequently, although the total quantity of loose earth, supported by
the rectangular revetment, is certainly considerably less than that
which is supported by the countersloping revetment, yet the actual
force tending to overset the wall 1s by no means greater in our
second profile than in the former : indeed 1t may wost probably be
somewhat less, for it is reasonable to suppose, that the mass of
earth, A b D, must, in consequence of the natural power of
gravity, press with much greater force vertically downwards, than
in an oblique or lateral direction.

It was before stated, that in walls containing an equal quantity
of masonry, such as those of our present figures, the actual
strength of each, in opposition to the pressure of carth, will be
more or less, in proportion as the great mass or weight of the
masonry is thrown more or less to the rear. According to the rule,
usually Ind down, the strength of the revetments, ahed and
A B E D, will therefore be 1n the same ratio, as those portions,
h d and H D, of the base of c¢ach, which are in frout of the two
points, h and H, where the said bases are intersected by vertical
lines dropped from their respective centers of gravity, c and C.

In the rectangular revetment, h d, will in all cases be equal to
balf the base or thickness. In the countersloping revetment, on
the contrary, the point, H, will vary its position, not only according
to the slope, but also according to the height and thickness of the
wall. We must therefore assume certain specific dimensions for
our two revetments, beforc we can determine the relative propor-
tion between the corresponding lines, h d, and H D.

Let us suppose the height of each revetment to be 30 feet, and
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the thickness of the rectangular revetment to be 8 feet. As the
other is supposed to have the same mean thickness, with a slope in
rear of one fifth; the thickness at top, B E, of the sloping revet-
ment, will of course be 5 feet; and its thickness at bottom, A D,
will be 11 feet. Then, whilst the distance, h d, in the rectangular
revetment is equal to 4 feet, it will be found, by calculation, that
the distance, H D, in the countcrsloping revetment, will be equal
to 4:1875 feet.

Hence, on reducing the thing to calculation, it appears that the
strength of the rectangular revetment, a b e d, is to that of the
countersloping revetment, A B I D, as 4 feet to 4:1875 feet, or
as 24 to 25 nearly : so that the latter may be considered stronger
than the former, by at least one twenty-fourth part. I use the
expression “ at least,” becausc from the peculiar mode, in which
the earth rests upon the hack of the countersloping revetment, and
which as before stated may be favourable to the stability of the
masonry, it is probable that this profile exceeds the rectangular
one, in proportional strength, by some ratio greater than the
above.

We shall next compare the strength of our rectangular revetment,
a b e d, with that of a common sloping revetment of the same
height and mean thickness. "T'he latter may also be represented by
the trapezoid, A B E 1), in our second figure, with this difference
only, that the earth shall now be supposed to press agaiust the per-
pendicular side of the wall, D L, instead of the sloping side, A B,
and consequently whilst the strength of masonry of the profile,
A B E D, when supposed to be used as a countersloping revet-
ment, was in proportion to the live, H D, its strength, if converted
into a sloping revetment, will of course be in proportion to the line,
A H, which will be found by calculation to be equal to 68125
feet.

The strength of the rectangular revetment, a b e d, which is sup-
posed to be S0 feet high and 8 feet thick, is therefore to that of a
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sloping revetment, A B E D, of the same beight and mean thick-
ness, ashdto A H, or as 4 feet to 6:8125 feet, or as 24 to 41
nearly ; that is to say, a rectangular wall of the above description
is weaker by alinost one half, than a sloping wall of equal height
and contaming an equal quantity of masonry : and it was before
shown, that it is also inferior 1n strength to a countersloping wall,
under the same supposition.

Those writers, who r.commend the use of countersloping revet-
ments, are of opinion, that stead of laying out the back, A B, in
one continued slope, according to a nght line, as in the second
figure, it ought to be bwit with a certain number of steps or
offsets, in the manner represented 1 the third figure. This form,
they conceive, will greatly increase the power of resistance of the
masonry, because they allege that, as the mass of earth, compre-
hended between the lincs, Ab, and b B, and the steps which com-
pose the back of the wall, presses perpendicularly downwards upon
the tread ot the said steps, it will be impossible for the revetment
to be thrown over upon the pivot, D, without forcing upwards
the whole of the above weight. 1t appears to me, however, that
this supposition is n sone degree fallacious, for if the particles of
eaith are iovse, they may be separated from each other by any
adequate force; and theiefore it may perhaps more reasonably be
concluded, that i performing the supposed movement of falling
forwards, instead of haviug to raise any very great part of the mass
of earth in rear, the revetment shown in our third figure, would
only have to tear away trom the remainder of the said mass a
certain luconside avie poruon of it, not much exceeding the sum
of those small triangles, which lie between the steps and the dotted
live, A B. Whether this would add to the stability of the masonry,
so as to render our third profile in any great degree stronger than
the second one, may be considered doubtful; but it is to be
remarked, that in all cases the formation of the back of a counters
sloping revetment with steps would be much more convenient to the
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workmen employed in building it ; so that this construction should
invariably be adopted in practice, in preference to a continued
slope.*

We shall next take into consideration, the strength of profile
necessary for demirevetments, or partial revetments.

Draw three figures, to represent demirevetments, giving to one
of them a broad berm, to the second a narrower berm, but make
the third without a berm ; and let the height of the demirevetment,
and the dimensions of the rampart and parapet, be the same in all;
and dot the base of each parapet.

In rear of each demirevetment, draw also an oblique dotted line,
in the usual manner, to represent the extent of the pressure of
carth ; and in the first tigure, which has the broadest berm, let the
above line produced agree with the front of the earthen part of the
scarp.

Mark the triangle, comprehended between the back of the
demirevetment, the oblique dotted line, and the level of the berm,
in each figure, by the letters, a b ¢, in the usual manner.

In the second figure, mark the exteror slope of the parapet by
the letters, 1 f, placing the former at top.; and mark the point,
where the oblique dotted Ime intersects the base, and top of the
parapet, by the letters, e and h. '

® In the text, I have only stated and commented upon that argument, in
favour of uffsets or steps in rear. which 1 bave seen used by those Authors,
who recommend couutersloping revetmeuts. ‘I'here is however another
reason, that might be urged in behalf of this coustruction. Ry the prinei-
ples of mechanics, any power which presses or strikes upon a body, acts
with the greatest possible effect, when it meets a perpeadicalar surface.
Consequently the vertical pressure of the mass of earth, A b B, inour third
figure, by acting perpendicularly upon the tread of the steps, may be sup-
posed to exert a much greater power of strengihening the revetment, than
if it acted upon an oblique surface, such as the line, A B, in the second
figure.
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In the third figure, mark the upper extremity of the oblique
dotted live, by the letter, e.

By comparing these figures, it will appear, that in the first, by
reason of the great berm, the total pressure of earth, acting upon
the demirevetment, is represented by the triangle, a b c; so that
according to this construction, neither the parapet, nor those parts
of the rampart, which are above thc level of the berm, do, in any
degree, press upon the masonry. This advantage, however, could
not be fully gained, in fortresses founded in common carth, without
making the berm of a very inconvenient breadth ; for example, if
a b is supposed to be 20 feet high, the berm would require to be
rather wider than the ahove p;'oportion; and, even in the most
tenacious kinds of soil, it could not be made much less than 12
feet, consistently with the above object.

In the second figuie, in addition to the triangle, a b c, there is
also a pressure upon the demirevetment, resulting from the weight
of a part of the rampait, c e f d; as also from a portion of the
parapet, e hif. Consequently, the pressure of earth, in this
profile, is greater, than in the former, by reason that the berm is
narrower.

In the thid figwe, in which there is no berm, it will appear,
that the pressure is by far the greatest of all; for, in addition to
the triangle, a b c, there is the whole of the parapet, and a portion
of rampart, c ¢ f d, much greater than that, which 1s marked by
the same letters, in our second figure.*

® Even in profiles, constructed according to the third figure, it must,
however, be remarked, that the dotted line, a e, will not always compre-
hend ihe whole of the parapet, if the height, a b, of the demircvetment is
less than about 20 feet,
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S0 much having been said to give a general notion of the prin-
ciples, according to which this part of our subject may be con-
sidered, I shall now state the rule, laid down by Vauban, for
partial or demirevetments.

1le made, in all cases, the dimensions of the base of his demi-
revetments, and of their counterfoits, equal to those of a full
revetment, calculated for a profile of the same relief or total
height of scarp; besides which, in partial or demirevetments, he
reduced the intervals between his counterforts to 15 feet, measuring
from center to center, whilst in his full revetments, he always made
these intervals equal to 18 feet, excepting under peculiarly unfa-
vourable circumstances.

For example, if we suppose, that there are two profiles, each 40
feet high, exclusive of the parapet, and that the scarp of the former
1s fully reveted ; but that, in the latter, onc half ouly of the scarp
is reveted : then, by referring to Vauban’s general profile, as con-
taincd in the first table, it appears, that the thickness at top of the
full revetment, proper for that height, is 5 feet 4 inches; the
thickness at bottom being 13 feet 4 inches. And the dimensions
of the counterfort, given for that height, in the same table, are 10
feet long, G feet wide at the root, and 4 feet wide at the tail.
This being ascertained, it follows, therefore, in conformity with the
rule, which has just been stated, that the demirevetment of 20 feet
in height, under the circumstances above supposed, ought to be
made 13 feet 4 inches thick at bottom, in consequence of which,
its thickness at top, the slope being one fifth, will of course be
9 feet 4 inches; and it must be backed by counterforts of the
above-named dimensions.

Hence it appears, that Vauban’s demirevetments, or partial
revetments, form an exact section of the lower part of one of his
full revetments, in profiles of the same relief.

Draw, for example, the profile of a demirevetment, abed,
having a slope of one fifth, over which, the upper part of the scarp,
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exclusive of the parapet, is represented by b h; make the berm
equal to the thickness at top of the masonry; and let the dotted
oblique line, a c, mark the extent of the pressuse of earth, in the
usual manner.

‘This being done, produce, upwards, the back and front of the
demirevetment, as far
as the points, f and g,
where they meet the
level of the base of
the parapet, also pro-
duced ; and dot the
whole of your pro-
duced lines.

Then, if we suppose the total height of scarp of our profile to
be 40 feet, exclusive of the parapet, and that the demireyetment,
ab, i1s 20 feet hich: the figure, afgd, will represent a full
revetment calculated for a profile of the same total rehef, as that
of our present section. The thickness at bottom, a d, both in the
full revetment and demirevetment, will be 13 fect 4 inches; but
whilst the thickness at top, f g, of the former, is 5 fect 4 inches,
the thickness at top, b e, of the latter, will, by reason of the
slope, be increased to 9 feet 4 inches. Aund the demirevetment
will evidently, as before stated, form an exact section of the lower
bhalf of the full revetment. In like manner, the counterfort of the
demirevetment, a b e d, if introduced, ought to form an exact
section of the lower half of the counterfort of the full revetment,

efgdt

¢ In this manner were regulated the dimensions of the partial revetments
and of their cotnterforts, given in Plate 2d, which are made to agrce with
Vanban’s rule, as stated in the text, but with this difference, that a amall
addition bas been made to their thickness, on account of the difference of
slope, which is there reduced to one sixth.
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According to the principle, before assumed, the pressure of
earth on the demirevetment, is represented by the figure, abh c,
added to the parapet ; whilst the pressure on the full revetment is
represented by the triangle, a f ¢, added to the parapet.

Using the above stated dimensions, and calculating in the manner
followed in constructing the second table, it will be found, that
whilst the masonry in the full revetment is to the pressure as 52:23
to 100,* the masonry in the demirevetment will be to the pressure
acting upon it, as 40'85 to 100 nearly, the counterforts in both
cases being of course included, and those of the full revetment
being supposed to be built at intervals of 13 feet, whilst the others
are supposed to be placed at intervals of 15 feet apart, from center
to center.

The authors, who have written upon Vauban’s general profile,
have made a great omission, in neglecting to say, whether he
considered a berm of a certain breadth, as an essential accessary to
the strength of his partial revetments ; nor does there appear to be
sufficient information to enable us to form a decided opinion, as to
his probable intentions on this head. It may, however, be observed,
that unless a respectable berm is introduced in such cases, the rule
laid down by Vauban, as above stated, dues not seem by any
means calculated to yield a sufficient strength of masonry, in pro-
portion to the pressure of earth, which may be supposed to act
upon partial or demi-revetments.

To exemplify this remark, construct a figure similar to your last,
in every other respect, but without any berm ; marking it with the
same letters in all the corresponding points, and adding the letter,

® This proportion differs from that given in the sccond table, for a full
revetment 40 feet high, because, in our present profile, the small exterior
revetment of the parapet is suppressed; and the interval between the
counterforts is supposed to be 18 feet, instead of the mcan interval of 161
feet, which was assamed in constructing that tabje.
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i, to denote the point, where the earthen scarp is intersected b
the back of the demire- c Tt g

vetment, produced up- ’ it
wards. O

Add also a counter- 1
fort, abkl to your
demirevetment. Ho oo

It will then appcar, that the pressure of earth, acting upon the
full revetment, will be as the triangle, a f ¢, added to the parapet,
whilst the pressure upon the demirevetment will be as the irregular
figure, a b e h ¢, added to the parapet. But whether as examined
by the eye, or as more accurately ascertained by calculation, it will
be found, that in most cases, which are likely to occw in practice,
the area of the figure, a b e h ¢, will be so very nearly equal to
that of the triangle, a f c, that the pressure upon the two revet-
ments may be assumed, as being very nearly equal.

If, however, instead of estimating the pressure on the demi-
revetment, a b e d, by the figure, a b e h ¢, the portion, bie,
of the said figure is deducted, because this portion may be sup-
posed, by resting perpendicularly on the top of the demirevetment,
to tend rather to give stability to it, than otherwise ; still there will
remain the figure, aih c, which is not, in any considerable
degree, smaller than the triangle, a f ¢, that acts upon the full
revetment. It would therefore appear, even under this last view
of the subject, by no means prudent, to make the strength ot the
demirevetment much less than that of the full revetment; and this
ebject evidently cannot be obtained by the above rule of Vauban:
for if the pressure on both were allowed to be equal, it will be
found by calculation, that the demirevetment ought to be no less
than 18 feet 10 inches thick at top, and 17 feet 10 inches thick at
bottom * (exclusive of counterforts), in order to give it the required

* These dimensions are found, by means of the formula, afterwards given,
as the solution of question 6th, of the note to page 533.
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strength ; a profile, which in quantity of masonry would exceed
one of Vauban’s profiles of the same description and height, by
almost one half, the latter being only 9 feet 4 inches thick at top,
and 15 feet 4 inches thick at bottom, as was before stated.

With respect to the counterfort of a demirevetment, constructed
according to our last figure, the weight of earth resting perpendicu~
larly upon it, which would be represented by a trapezoid or irregular
figure, whereof k b is the base, may be considered to add greatly
to its stability, and to give it a power of strengthening the demi-
revetment, much greater than its actual mass of masonry could do,
if it were not thus loaded.

Upon the whole, it may be concluded, that as far as regards full
revetmeuts, or scarp revetments carried up nearly to the level of
the base of the parapet, Vauban’s rules, or those which may be
drawn from his practice, may be followed with perfect safety ;*

* There is one rule, laid down by Vauban, in respect to scarp revet-
ments, which I have omitted in the text, it being entirely inapplicable to
any well regulated profile. He recommends, in works, having cavaliers
constructed in rear of them, whenever the distance between the foot of the
cavalier and the parapot of the exterior work is less than 18 or 20 feet, that
the thickness of the scarp revetment of the latter shall be increased beyond
the usual proportion, by one tenth part of the total command of the cava-
lier ; and that the counterforts shall also be increased in strength, by making
them of the dimensions proper for those of a full revetment, equal in height
to the given scarp revetment, added to one half of the command of the
cavalier.

Thus, for example, if we suppose any work to have a full scarp revet-
ment 25 feet high, with a cavalier in rear of it, having a command of 20
feet over the work itself: then to 5 feet 4 inches, the usual thickness of
Vauban's revetments at top, add 2 feet (which is one tenth part of 20, the
command of the cavalier), and the sum, 7 fect 4 inches, will show the proper
thickness at top for the scarp revetment. With respect to the required
counterfort of the supposed work ; to 25 feet, the height of the scarp revet-
ment, add 10 feet, which is one half of the given command of the cavalier,
and the sum will be 35 feet. Then by referring to Vauban’s general pro-



528 ELEMENTARY FORTIFICATION. cHaP.XxXIV.

and the same remark may be made with respect to gorge or coun-
terscarp revetments; in which, by an application of similar prin-
ciples, there-can be no risk of failure.

The only thing, that appears doubtful, is the last branch of
this subject, which we have considered, namely the proper thick-
ness for demirevetments or parual revetments, in profiles of a
respectable relief. The rules laid down by Vauban on this head
have not beea sufficiently supported by experience, to enable us to
adopt them without hesitation, for we have very few instances of
this kind of profile having yet been used. And in cases, where
we have authentic descriptions of the dimensions of partial revet~
ments, that have actually been executed, there has not only always
been a broad berm, which of course makes a difference in the
pressure, but the heights both of the revetment and of the earthen

file, you will find, that counterforts 9 feet long, 5 feet 6 inches wide at the
root, and 3 feet 8 inches wide at the tail, are proper for the above height;
and such are the dimensions, according to that Engineer, which ought to be
given to the counterforis of the supposed scarp revetment (although only
25 feet high), on account of its baving a cavalier of 20 feet total command in
rear of it.

To explain my objections to the above rule of Vauban, I shall remark,
that in a well-regulated profile, a free space of at least 20 feet should always
be left between the base of the parapet of any work having a cavalier in
rear of it, and the foot of the cavalier; otherwise the terrepleins of the
work will be too narrow for the service of artillery. Bat at the above dis-
tance, supposing the work in question to have a parapet of the proper thick-
ness, there must necessarily be an interval of at least 38 feet, between the
Toot of the cavalier and the back of the scarp revetment of the work in
front of it, at which interval, it will be evident, that the mass of the formes
work will be too far removed, to add to the pressure of earth tending to
overset the latter, even if the said revetment should be of a very respectable
height. If the cavalier itself is also reveted, it should be removed still
farther to the rear, than we have just supposed, for reasons stated in
Chapter xvi1, page 342: 0 that upon the whole, there can scarcely be any
case, in which the thickness of the scarp revetment of s work ought to be
increased, on account of its having a cavalier in rear of it.
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scarp above it, have usually been so insignificant, as not to afford,
upon the whole, sufficient data, for judging with confidence, upon
the strength of bolder profiles of the same description.*

® In Belidor's “ Science des Ingenieurs,” Book Sixth, in which he gives
the rules laid down for the construction of New Brisach, it is directed, that
the ravelins shall have a scarp revetment of 17 feet in beight, over which a
berm is to be left, 10 feet broad; and then an earthen scarp is to be raised
8 feet 6 inches high, exclusive of the parapet. The revetmentis to be 5 feet
4 inches thick, at the height of 14 feet frem the ground, with a slope of one
sixth from thence downwards. The remaining part of the revetment, near
the top, is to be built perpendicularly, 2 feet 8 inches thick, and 3 feet high.
The counterforts to be 8 feet long, 5 feet wide at the root, and 8 feet wide
at the tail, Belidor statcs, that the rules, given by him in that book, as an
exemplification of the system, acoording to which the details of the con-
struction of an entirely new fortress may be regulated, are not, in all cases,
an exact copy of those, which were actually used on that occasion, but that
he bas generally followed the same dimensions. If this is suppused to
hold good in respect to the ravelins, which bave been described, it would
appear that, with the exception of the counterforts, the rest of the masonry
of the profile is not increased in proportion to the height of earthen scarp
above it: on the contrary, the strength of the scarp revetment is less than
what ougbt to have been given to a full revetment, 17 feet bigh. If so, it
would seem, that when a good berm was left, Vauban, by whom the above
fortress was constructed, did not think it necessary to increase the thick-
ness of partial or demirevetments; but as this is only one solitary case, his
intentions canuot from thence be fairly estimated. .

In Portsea Works, there is a berm of about 10 feet wide all round,
the height of the earthen part of the scarp above that level (not including
the parapet) being generally about 8 feet. The partial revctments are in
some parts 8 feet thick at the top, with a slope of one sixth. Their height
varies much, according to the nature of the soil, being in some parts no less
than 38 feet, but a very great portion of the masoury is cvery-where buried
below the level of the ditch, it baving been judged necessary, by the engi-
meer, who had charge of the work, to go down, until a peculiar stratum of
clay, that he considered good for the foundations, was found. In some
parts, the thickness at top of the partial revetment is only 6 feet, but the
average thickness in most places is 7 feet 6 inches. The counterforts are
8 feet long, 6 feet 8 inches wide at the root, and 5 feet wide at the tail;
aud are placed at central intsrvals of 18 feet apart,

VOL. 11. MM
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Having now sufficiently enlarged upon the general profile of
Vauban, which it was of importance to illustrate, as it has hitherto
been almost implicitly followed by every succeeding engineer, I
shall next proceed to explain another form, that may be given to
the profile of retaining walls, and which is peculiarly applicable to
military works, but has not yet, to my knowledge, been used in the
scarp or counterscarp revetments of any fortress, although, upon
due consideration, it may perhaps appear preferable to the
former.

The method, now alluded to, consists in constructing the wall in
such a manper, that whilst the front of it has a certain exterior
slope like a common revetment, the rear of it shall not be built
perpendicularly, in the usual manner, but shall also have a slope,
parallel and equal to the former, or nearly so. When this profile
is used, the back of the masonry overhangs or projects beyond the
base of it, and appears as it were to lean against the mass of earth,
that it is intended to retain; from which circumstance, revetments,
s0 constructed, are called LEANING REVETMENTS.

The overhanging slope of a leaning revetment should never be so
considerable, that if the counterforts and earth were removed, the
wall would have any tendency to fall backwards. It may, bow-
ever, without any inconveniency be made to differ in a small
degree ftom the exterior or front slope; but generally spesking, it
will be best to make these two slopes equal to each other, in which
case the section of the masonry will be an oblique angled parallelo-
gram ; and this form, as being the most convenient for calculation,
will be the only one noticed, in the succceding parts of this
chapter.

To exemplify the nature and strength of leaning revetments, as
compared with others, draw three profiles of counterscarp revet-
ments, of the same height but of different kinds, making the first
rectangular, the second a common sloping revetment, and the third
a parallelogrammatic leaning revetment : and let the mean thickness
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of the sloping revetment, the thickness of the rectangular revet-
ment, and the horizontal thickness of the leaning revetment, be
equal to each other. From the back, a, of the base of each revet-
ment, draw an oblique dotted line, sloping upwards and towards
the rear, in the proportion of 1 to 1: from the center of gravity, c,
of each profile, drop a dotted perpendicular to the base: from the
back of the base of your leaning revetment, raise a dotted vertical
line, ab, and letter the other points of your figures as follows.

f b d &b d kb 1 d

Let us suppose, as before, the height of all your revetments to be
30 feet, and that the base and top of the first and third revetments are
each 8 feet, which is equal to the mean thickness of the second revete
ment ; and let us further suppose that the slopes of the second and
third revetments are equal to one fifth of their height. Then the
thickness at top, g b, of the second revetment, will be equal to
5 feet; its base, h a, will be 11 feet; and, b ], in the third profile,
will be equal to 6 feet, which is one fifth of the supposed
height.

Now, as the quantity of masonry in each revetment is equal,
their strength, as opposed to a pressure of earth in rear of them,
will be in proportion to their respective levers, em, hn, and, io;
but on account of the first profile being rectangular, e m, will be
equal to 4 feet, which is half the base, and by calculation, h n,
will be found to be equal to 6:8125 feet, as in our former
example, whilst i o will be equal to 7 feet. If we supposed the
force of earth pressing upon each revetment to be equal, their
comparative strengths would therefore ‘be as. the numbers 4,
6'8125, and 7; or on reducing these terms lower, as the num-

MM2 :
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bers 1, 1°708125, and 1:75 : by which it would appear, that the
leaning revetment is stronger by three fourths than the rectangular
revetment, and that it is stronger by about one thirty-sixth part, than
the common sloping revetment, they being all of the same height,
and containing the same quantity of masonry.*

® The following algebraical formulz will be useful, in calculating the
strength of masonry of various revetments, according to the hypothesis,
stated in the text; it being understood, bowever, that the pressure of
carth is not taken into consideration. When that is done, as is absolutely
necessary, before the true comparative strength of any two profiles of for-
tification can be ascertained, a certain modification of the results, obtained
by our present formula:, must necessarily take place, as shall hereafter be
explained ; and consequently, these results are not conclusive, but each of
them is merely to be considered as a step, towards the solution of a more
complex and difficult question.

QuestioN I. Given the dimensions of any revetment, to find the length
of lever, z, with which it opposes the pressare of earth ; as also the stabi-
lity of the masonry.

Case 1st. When the revetment is supposed to be rectangular, like that
represented in our first figure, its height (a b) being equal to a, and its thick-
ness (£ b or ea) being equal to .

SoLuTioN. =z =-% = em in the figure: and the stability of the re-

vetment, which is as the area of a b fe, multiplied into e m, will be
b _ ab?

=ab X — = ~—.

Cam 2d. When the revetment is of the common sloping form, repre-
sented in our second figure, its beight (a b) being equal to a; its thickness
1
at top (g b) equal to 3, mdiﬁslopebeingintbepropﬁionof:pntof
the beight.

SOLUTION. = “H'sw + 5 : b n in the figure, and the stability of
3¢+66c

tbe masonry, vliclhuthemn.ofnbghx b, mllbe_(-g—c + ab)

(2054»35" 28 ) 2l’+6¢’bc+3d'c' « b  ab
Sa+Gbe -

Casge 3d. When the revotment is a leaning parsilelogrammatic one, as
represented in the third figure, its perpendicular beight (a b) being cqual
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But when the comparative pressure of earth is also taken into
consideration, it will appear,-that the quantity of earth which
presses upon the back of the leaning revetment must necessarily

to g, its horizontal thickness (k! or i a) being equal to 3, and its slopes
being in the proportion of -:7 part of the height.

SOLUTION. = = a;'cbo = i o, in the figure; aud the stability of the ma-
a+be
Sc

sonry, which is as the area of alki x io, will be =g d x ——

a’b+tab’c __a*h | ab?

c ~ 2 + ?
Case 4th. When the revetment is a countersloping one, as represented
in the second figure of page 516, its height (D E) being equal to a; its
thickness at top, (B E) equal to b, and its counterslope being in the pro-

rtion of - part of the height.
po — |

¢b+85’c =
SoLuTION. x = Sav Sarobe + H D in the figure, and the stability
“of the masonry, which is as the area of ABED X HD, will be =
« ab+3b’e _ a¥-3a%c+ 3ab2ed __ @ c’b ab?
(_ M "b) (3a+sbc sc) “"_w ettty
QuestioN II.  Given the height, a, and thickness, b, of a rectangular
revetment; to find the thickness, x, of a second rectungular revetment, of
agiven beight, d, and cqual to the former in strength.

SoruTioN. x:J (-“;—). = th’).

Question LIL.  Given the height, a, and thickness, 3, of a rectangular
revetmcnt ; to find the thickness at top, z, of a sloping revetment, of a given

height, d, and having a slope of -‘-, and equal to the former in strength.
(4

SoLution. = J (.';) + 5‘3 — .d_
[

Question IV. Given the height, a, and thickness, &, of a rechngnlu
revetment ; to find the thickness at top, z, of a leaning revetment, of & glnn

height, d, and having a slope of --. aud equal to the former in strength.
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be somewhat less, than that which acts upon either of the two
other profiles; and therefore the above ratio must be modified, in a
certain degres, in order to obtain the true proportions.

SoLutioN. : = J (%) + {T - 7:?.

QuesTioN V. Given the height, a, the thickness at top, 3, and the
slope, :—, of a sloping revetment; to find the thickness, x, of a rectangular
revetment, of a given height, d, and equal to the former in strength.

- a Qab 2a*
SoLUTION. :"J-J (b’+7+3_c,.

QuesTioN VI. Given the height, a, the thickness at top, b. and the

alope, ':T’ of a sloping revetment; to find x, the thickness at top of a

second sloping revetment, of a given height, d, and having a slopc of %,
and equal to the former in strength.

T N ?d.
Sowﬂow.z._J:‘-(b’-}-lT-p;-; + -

QuesTioN VII. Given the beight, a, the thickness at top, b, and the
slope, -}-, of a sloping revetment, to find the thickness, x, of a leaning

revetment, of a given height, d, and baving slopes of -;l-, and equal to the
former in strength.
- a 2ab 2a? & d
SOoLUTION. = = J 7 (b'+ — 4 .3_“.) + v v

[4

"Questiox VIIL Given the height, o, the thickness, &, and the slopes,

1—, of a feaning rcietment; to find the thickness, z, of a rectangular

r.;vetmcnt, of a given height, d, and equal to the former in strength.
Sotbrion. z = J % (6’-}- .‘?_ .

. Question IX. Given the beight, a, the {hickness, b, and the slopes,

.f_, of a leaning revetment; to find the thickness at top, =, of a sleping
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To explain this obscrvation, let us suppose, acconiing to the
hypothesis used in our former calculations ; that the comparative
pressure of earth upon the back of the revetment, in each of owr

revetment of a given height, d, and having a slope of ;—, and equal to the

former in strength,
\ - a ab d? _ d
SOLUTION, 2 = ~/7 (b'+—c-) + 3 -

QuestioN X. Given the height, a, the thickness, b, and the slopes, %-,

of a leaning re\ctment, to find the thickness, z, of a second leaning revet-

ment, of a given height,"d, and having slopes of -:- , and equal to the former

in strength.

- & (pay 8b I._i
SOLUTION. :_Jd(b+ c)+w .

QurstioN XI. Given the dimensions of a revetment of a given
description, that is to say, either rectangular, sloping, or leaning; to find
the thickuess at top of a second revetment, also of a given description and
height, and of a given slope, if sloping or leaning; and which shall be

stronger or weaker than the former by -:—;th part.

GENEBRAL RULE FOR THE S0LUTION. Fromamongst the foregoing questions,
select that, whose conditions agree most nearly with those of your present,
case ; and multiply that part of the solution of the said question, which is

within the vinculum under the radical sign, by " +
proposed revetment to be stronger than your given one, but multiply

by "= 1», if you desire it to be weaker; leaving all the other terms of the

l-, if you desire your'

solation unaltered. This will give you the answer to your new question.
For example: supposing that the height, ¢, the thickness at top, b,

and the slape, -;1-, of a sloping revetment are given, and that it is required
to find the thickness, x, of a leaning revetment, of a given height, d,

and baving slopes of -}-—, and which shall be stronger than the former
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 profiles, is as the triangles, abd, ab d, and a1 d, bounded
-in rear by the oblique dotted lines, sloping in the proportion of 1
to 1. Then the lines, marked, bd, and ab, will be equal in all
our figures, and from the nature of the overbanging slope in the
‘third profile, b 1, being equal to one fifth part of bd; the line, I d,
will be equal to four fifths of bd. Now on comparing the triangle,
a 1 d, with the triangles marked, a b d, as their altitudes are equal,
the area of the former will be in propostion to the line, 1 d, whilst
the area of each of the others will be in proportion to the line, b d.
The area of the triangle, ald, which represents the pressure of
earth upon the leaning revetment, will therefore be equal to four
fifths only of the triangle, abd, which represents the pressure,
acting upon the two other revetments, shown in our first and second
figures ; or in other words, the pressure of earth, acting upon the
rectangular and upon the common sloping revetment, is greater by
one fourth part, than that which acts upon the parallelogrammatic
leaning revetment. “

The dimensions of a counterscarp revetment, so nicely propor-
tioned as to be exactly in equilibrinm with the pressure of earth
actingapon it, have not yet, to my knowledge, been ascertained by
eyperiment ; and therefore the value of the additional strength,
which our leaning revetment must possess, as compared with the
others, by reason of the diminution of pressure, occasioned by its

by -i-th part: then, on referring to the forcgoing questions, it will be
foung that the above conditions agree most nearly with those of Question

i f i is' -:- ELb ?i f— —-— i:
VII, the solution of which u_\/d (v+ - +w) +t
and consequently on multiplying that part of the said solution, which is
within the vinculum, by :'-:—‘, as directed, there will result for the answer of

‘ +1/g 2ab 2% , & d
Jompnlmtqnuﬁon,cz‘/s-x"?(5'+7+3% +;'.—.’.;.
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overhanging slope, cannot be reduced to any precise fatio; as
might be done, if the supposed experiment were carried on, in
a satisfactory manner. For example if we imagine, that it had
been practically, ascertained, that a rectangular revetment, of the
dimensions represented in our first figure, were in exact equilibrium
with the supposed pressure of earth acting upon it, then as the
said pressure has just been shown to be greater by one fourth, than
that which acts upon the leaning revetment of our third figure, it
would therefore follow, that to the number 1'75, before found,
which represented the actual strength of masonry of our third
profile, oue fourth of itself should be added ; and the sum 2:1875,
would then show the comparative strength of that profile, as a
retaining wall, under the circumstances supposed ; whilst the com-
parative strength of the rectangular revetment, and that of the com-
mon sloping revetment, would still remain as the numbers 1, and
1'703125.*

Upon the whole, therefore, it may appear, that there are sufficient
grounds for concluding, that a leaning revetment must be stronger,
n a certain degree, than any of the other profiles of revetments,
which have been described; but whether it exceeds them in
strength, in the proportions, which we bave just found by calcu-
lation, according to a certain stated hypothesis, must remain
doubtfal, until the matter is put to the test of actual experiment.

*® On considering the mode, in which we have just calculated the compa-
rative strength of our three profiles, it will appear evident, that if the soil,
which was to be retained, bad been eitber of a more or less tenacious
quality, than what we have above supposed ; then the superiority, in point
of comparative strength, which the leaning revetment, represented in our -
third figure, must, in all cases, possess over the others, would have been
increased or diminished, to a certain degree, so as to differ more or less
from the ratios, which were found by our former supposition.
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CHAP. XXV.

THE SAME SUBJECT CONTINUED.— OBSERVATIONS ON
7HE UNSATISFACTORY AND ERRONEOUS NATURE OF
THE COMMON THEORIES OF REVETMENTS. — NEW
PRINCIPLES LAID DOWN.— ACCOUNT OF EXPERIMENTS
TRIED FOR THE PURPOSE OF ASCERTAINING THE
ACTION OF LOOSE EARTH UPON REVETMENTS.—GENL-
RAL RULES DEDUCED FROM TIE ABOVE.

The investigation - of the dimensions proper for revetments of
various descriptions, which has been partly treated of in the fore-
.goimg chapter, is one of the most important objects, that can
engage the attention of the practical Engineer; for if the masoory
of any revetment should prove defective, the whole of the expense,
laid out in the construction of the work, will be thrown away; and,
on the other hand, even an excess of strength is to be reprobated,
as leading to an useless waste of masonry and materials. And in
those cases, in which revetments, properly 50 styled, are used; as
for example, in the scarps and counterscarps of fortified places,
and in the facing of docks, wharfs, &c. the reveted works, whether
civil or military, are always of great public importance, and are
attended with a vast expense, even if planned according to the
wisest principles ; so that a defect in the profile of a revetment
must generally prove far more ruinous, than any common error,
which is likely to occur in other branches of practical mechanics.

~Notwithstanding these weighty considerations, there is, however,
no branch of useful study, wlnch" appears to me to have been
handled in so very unsatisfactory a mauncr, as that of which we are
now treating, It is true, that a great number of writers have
attempted to illustrate the theory of revetments by mathematical
calculations, but they have all neglected to establish their principles
by previous experiments. The rules, given by them, must therefore
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be looked upon as mere speculations, on which no refiance could
be placed m practice; for the various points to be considered are
certainly of by far too abstruse a nature, to be capable of being
ascertained by reasoning alone. But independent of the difficulties
and uncertainty, attending the subject in itself, there is another
consideration, which has rendercd me the more averse, from giving
confidence to any of these writers, however learned or ingenious.
Even the preliminary hypothesis, usually laid down by them, as to
the pressure of earth upon revetments, scems to me to be erroneous ;
and if this opinion should prove to be well founded, all the theories,
which have hitherto been published upon the subject, must neces-
sarily fall to the ground.

But if we set aside the doctrines of speculative writers, we have
nothing conclusive or satisfactory, at least as far as regards military
works, but the rules given by Vauban: and upon these it must be
remarked, that they apply to one particular kind of profile only.
In other cases, before stated, in which we are not aware, that
Vauban proved his rules by actual practice, it would not, by any
means, be equally safe to trust to them.

Upon the whole, therefore, the only positive knowledge, that we
can be said to possess upon this important subject, is as follows.
If, in planning a fortress, we should think proper to adopt full-
revetments, like those of Vauban, we may with confidence use the
dimensions, prescribed in his general profile, as having been proved
by amplc experience to be sufficiently strong; but still a doubt
may reasonably remain in our minds, whether these dimensions may
not be greater than necessity requires. But if we should prefer
partial revetments, either with narrow berms or without any ; which, '
for reasons explained in former parts of this work, are much more"
suitable for the profiles of a fortress, than full revetments ; then
we have only the theories, or rather conjectures, of speculative
writers to guide us, in regulating the dimensions of our masonry,’
and it must certainly be allowed, that nothing can be iore unsatis-
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factory, as I before stated, than this view of the subject. In the
course of . the exteusive public works, which have been carried on
at various times, in different parts of the wotld, fractures must
occasionally have taken place in the masonry, owing to a want of
proper strength to resist the pressure of earth. If these had been
carefully recorded, much insight into this subject would have been
obtained ; but such incidents are usually kept in the back ground,
as much as possible ; so that it would scarcely be practicable to
collect a sufficient number to answer the purpose in view. As the
matter is of great importance, a series of experiments, calculated to
ascertain the greatest pressure of earth, that walls ef a certain
quantity of masonry can support, under given circumstances, before
they will break down, may therefore be considered, not merely as
the only rational means of attaining any precise knowledge on the
subject, but also as a desirable object in a public point of view.

Having asserted, that I consider the theories of those writers
who have treated this subject mathematically, as being of a very
unsatisfactory nature; I shall next proceed to explaiu the grounds,
upon which I have formed this opinion.

/ One principle, in which they alnost all agree, is that the strength
of revetments, in general, as opposed to a power acting upon the
back of them, is iu proportion to their masses, multiplied into
their respective levers, which are found, in the manner explained
in the preceding chapter, by dropping a vertical line from the center
of gravity to the base of each revetment.

It is also generally allowed, that if two revetments are built of
different materials, but of the same profile, that which is composed
of the lightest substance, will be the weakest ; and, for this reason,
it bas been recommended, that a brick wall should be made rather
thicker than a stone wall, exposed to the same pressure of earth;
because the stone, which is generally used in building, in this
country, is heavier than brick.

So far the truth of the rules, usually given in books, may be,
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readily allowed; as they either seem founded upon‘very obvious
principles, or are such as agree with the daily experience of Engi-
neers, and others employed in public works. With regard to the
strength of masonry, I should not therefore be inclined to make
any difficulty ; but when the naturé of the pressure of earth comes
to be considered, the case is widely different.

In this part of their subject, the writers on the theory are agreed
in one point only, namely, in allowing, that the weight of earth,
pressing upon the back of any revetment, and tending to overset it,
is in proportion to a triangle, or other figure, which may be found
in the manner explained in the preceding chapter, by drawing a
line, from the rear of the base of the revetment, to the surface
of the earth behind it, sloping in a certain proportion, as for
example, at an angle of 45 degrees. This is precisely the hypo-
thesis, before alluded to, which appears to me to be founded in
error ; and therefore, in explaining and reasoning upon the said
hypothesis, which I have hitherto done, in treating of the present
part of my subject, notwithstanding my belief of its inaccuracy,
I had solely in view the full information of my readers; in order
that they might not remain ignorant of the opinious held by former
writers.*

¢ It was stated, that the various speculative writers upon this subject all
concur, in assuming one common hypothesis, as to the quantity of earth,’
which presses upon the back of a revetment, with a tendency to overset it.
But when they treat of the modification, which must necessarily take place
in the actual force, exerted by the above mass of earth, on account of various
circumstances, such as the position of its center of gravity, &c. &c., in con-
sequence of which, the same actual weight or mass of earth may be sup-
posed to be much more oppressive to a revetment, in some cases, than in
others ; then the writers, alluded to, are all at variance with cach other, all
of them having different theories of their own, which they generally bold
out with considerable confidence, for the guidance of the practical Engi-
neer; and cousidering the acknowledged talents of those, who have imves-
tigated the pressure of carth, this discordancy in the inferences, which they
have drawn from one common hypothesis, may be deemed a proof of the
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Had these gpinions been less generally received, I should have
preferred passing them over in total silence, for their fallacy may
be proved in a manner sufficiently obvious, even by reasoning
alone; and the strong objections against them, which first occurred
to me, in reflecting upon the subject, have lately been corroborated
by experiments of a very simple and yet convincing nature, that
shall hereafter be stated, and of the accuracy of which any person
may easily satisfy himself at a moderate expense.

To explain these observations ; draw a counterscarp revetment,
a b e d, with an oblique dotted line, a c, to represent the extent
of the pressure of earth, in the usual manner, before exemplified ;
and from the front of the
base of the revetment,
draw a second oblique
dotted line, d f, parallel
to the former, intersect-
ing the back of the revet-
ment, in the point, g. Then I say, that the triangle, a b,

obscarity of the subject; for in matters capable of demonstration by geo-
metrical reasoning, the results are always conclusive and convincing. This
is the case in Pure Mathematics, in which are investigated the nature of
lines, angles, geometrical figures, numbers, and other things, that may be
comsidered intellectaally, without any reference to the properties of matter.
Bat in Mixed Mathematics, in which the consideration of material sub-
stances is also introduced, certain data must always be assumed, and some
bypothesis must consequently be laid down, as to the properties of the sub-

" stances to be treated of, before any mathematical reasoning oan be applied
to the subject ; and these data are not, like the axioms of geometry, of a self-
evident matare, or capable of demonstration. On the contrary, they are
nsaally involved in great obscurity and uncertainty, if considered intellec-
tually: and it is, therefore, by means of numerous experiments alone,
conducted under many and various contingent circumstances, that a just
or wsefol hypothesis, of the nature alluded to, can be formed ; after which,
Maihematics may be applied, with the greatest advantage, to the determi-
pation of new cases, but not before,
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although usually so considered, is not a true representation of the
quantity of earth, which presses on the revetment, a b e d, in such
a manner as to tend to overset it, on the pivot or fulcrum, d. i

The line, a c, in our figure, represents the matural slope, at,
which the earth of the counterscarp would be able to stand of
itself, without the assistance of masonry. Consequently, as the
line, d f, which is parallel to it, has exactly the same slope, it
must also be allowed, that if there were no revetment, the earth
would be able to stand equally well, according to the last mentioned
line, as according to the former. If we therefore suppose the
upper portion, g b e d, of our revetment to be cut entirely off, as
also the upper portion of earth, g b f, there will remain, according
to the common hypothesis, a mass of earth, a g f c, pressing upon
the back of the triangular revetment, a g d, and tending to overset
it, by throwing it over upon the pivot, d.

Now, by supposition, the line, d f, represents the natural slope,
at which the earth of the couaterscarp will stand, without being
supported. If therefore, the triangle, a g d, were composed of
earth of the same quality, instead of forming part of a revetment ;
it must be evideut, that the whole body of earth, contained in the
counterscarp, of which, d f, represents the exterior surface, would
remain in a state of rest; nor can it be pretended, under this sup-
position, that the portion of earth, a g f c, would have the least
tendency to overset the triangular portion of earth, a g d.

But if the earth, contained in a g f ¢, has no power or tendency
to overset the triangle, a g d, in case the said triangle were also
composed of common earth ; it may be considered reasonable to
believe, that it must have much less power, aud by no means a
greater tendency, to overset the same triangular mass, if instead of
heing formed of earth, it were converted into masonry, which is a
harder and heavier substance, adhering together in a compact
manner, without any loose particles. And if such is the case;
namely, if the portion of “Q,_a g f ¢, has no tendency whatever
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to overset the revetment, it must necessarily be allowed, that instead
of measuring the pressure of earth, which acts with that tendency,
upon the masonry of our profile, by the triangle, a b c; it ought
more properly to be estimated by the smaller triangle, g b f, which
does not press upon the whole mass of the revetment, d e b a, but
upon that portion of it only, which is represented by the figure,
debg.

It is to be observed however, that although the portion of earth,
a g f c, has thus been proved to possess no tendency whatever to
overset the revetment, yet the whole of it must necessarily press
upon the lower part of the masonry, in a certain manner ; for it will
be evident, that if the wall were entirely removed, the said mass of
earth could not remain perpendicular in front, in the form, a g, but
would fall forwards. Now, any lateral pressure, which is incapable
of oversetting a body, has a tendency to make it slide, if circum-
stances will permit, and such, therefore, would be the tendency of
the action of the earth, a g f ¢, upon the revetment; but from the
pature of earth and of masonry, and from the stability, which the
latter derives on account of its base being buried some feet in the
ground, it is impossible that this sliding motion cam be carried into
effect; and consequently, as it can neither cause the revetment to
overset, nor to slide, the tendency of the pressure of the portion of
earth, a g f ¢, which acts upon the lower part of it, is to force it
downwards, but in an oblique direction, upon its base. There,
however, it is resisted by a mass of solid ground, which, if the
foundation is good, it will be unable either to remove or to pene-
trate ; and therefore, all things considered, it may be allowed, that
the actusl tendency of the portion of earth, a g f c, is to steady
the revetment, by pressing it firmly down upon its base, with a
considerable weight, which must be overcome by some superior
power, before the wall can possibly overset.

From the above considerations, it will therefore appear, that if
sny mass of earth, such as the triangle, a b ¢, which is supported
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by a revetment or retaining wall, abe d, is divided into two por-
tions, by an oblique line, df, drawn from the front of the base of
the masonry, backwards, at the same slope, at which the earth
would stand of itself, without any revetment; it is only THE
UPPER POR1ION, g b f, of the supported mass, which can
have the least tendency to overset the revetment; for THE LOWER
rorTION, ag fc, will in all cases add stability to it. "Lhe latter
shall therefore, for the sake of precision, be styled THE sTABILI-
TATING PORTION OF THE SUPPORTED MASS OF EARTH: the
line, d f, which divides it from the upper portion of the said mass,
shall be called THE LINE oF straration, and the line, ac,
which bounds the whole, shall be called the sorNxparY LINE.

Having so far explained the leading piinciple, in which I differ
from former writers, 1 shall here remark, that if what I have styled
the upper poruon of the supported earth, had no other tendency
or action whatever, than to throw down the revetment, bv moving
it upon the pivot, d, it would in all probability not be a difficult
task to form a coireet theory of revetments upon the new hypo-
thesis, which I have just laid down; but there are further consi-
derations to be taken into account, which render the investigation
of the pressure of earth of so very complicated a nature, that it
scems to me doubtful, whether it will be possible to reduce it to
a matter of calculation, at least by any sunple process, likely to be
practically useful *

* For example, draw three figures of counterscarp revetments, all of
equal height, the first rectangular, the secong sloping, the third leaning.
Mark each revetment by the letters, a b e d, and fiom the center uf giavity,
h, of the masonry, drop a vertical line, h g, 1o the base. Mark the line of
separation, in each figure, by the letters, d i f, and the boundary Jine by the
letters, a ¢, both of which are supposed to be diawn at an angle of 45
degrees. In the first figure, let the point, m, represent the center of gravity
of the upper portion, i b f, of the supported carth, and let o represeut the

VOIL.. 1L N N
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I allude to the property, which loose earth possesses, of acting,
not in oug direction merely, but in a great variety of different
directions, untilit finds its natural slope. For example, if we suppose
the point, o, in the anuexed figure (see page 548), to represent any
particle of earth of the upper portion, g b f, it will be evident, that if
it were not supported by the mass of earth beneath it, it would
fall down vertically, in the direction, om.  If we suppose it to be
supported in the direction, m, and towards n, but not furthe

center of gravity of the stabilitating portion, a 1« f ¢; and from these points,
draw perpendiculars, m n. o n, to the hine of separation,d t. Lastly, inevery
figure, from the point, b, draw b n, perpendicular to 1 f, and from the
points, fand i, draw f p, and 1k, perpendicularto a e,

e _h O e e_ b e
i ,
I . ' R
K i h
0 I’
L / k
"k '
) !
. L

Then, if we could suppose the upper portion, 1 h{, ol the supported carth.
in cach figure, to adt solely with a tendency to overthrow the revetment
that is to say, that no part of its pressurc whatever should be exerted 1
any direction falling within the base, a d, of the masonry : 1t would follow,
that every particle of the supported earth lying above the hine, d f;, would
tend to overset or weaken, and that every particle of the same mass, lying
below the line, d f, would tend to stabilitate or strengthen thie revetinent;
whilst these particles, the center of which coincided with the line, if,
would, as 1t were, remain neutral.  Consequently, the potions, ib f; and
aifc, in each fignre, might not unrcasonably be compared to the two
counteracting weights in a pair of scales, of which the fuletum would
always correspond with some part of the line of separation, 1 {5 so that the
same doctrine might be suppused to hold good in both cases: that is to
say, the actual force, exerted by the upper poition ol carth to overset the
revetment, upon the pivot, d, might be supposed to be in proportion to its
mass or area, ib f, multiplicd into the lever (m n) which represents the
perpendicular distance of 1ts center of gravity (m) from the line of scpa-
ration, i f; and, in like manner, the actual foree, exerted by the stabali-
tating mass to strengthen the revetment, by pressing upon the base, a d,
might be supposed to be in proportion to the mass or arca, aifc, of the
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than n, it would then full or slide down, in the direction, o n.
Again, it we suppose it to be supported in every point from m,
towards p, but not further than the direction, p, then it would
move in the direction, o p; but if op, is nearly parallel to fd,
the uatural slope at which the earth will staud of itself, it will be
evident, that the particle, o, can have no tendency whatever to
move in the direction, o ¢, or in any other direction higher than the
pont, p.

said portion, multiplied mt» the lever (o ), which represauts the perpen-
dicular distance ot ats center of graviiy (o) bom the hne of separation, 1 1:
and, at the same tune, according to the common deetrine of fermer
writers, the power ol resistancc or staliloy of the msomy. against any
force, tending 1o overset it on the pivot, d, might be supposed to be in
proputtion to its mass o1 atea, a b e d, multiphed uito the lover, d g; and
i1t s supposed o be built ot brichwork, 1t will have the same specific
gravity as common carth nearly.  Consequently, i1t were requued to find
the thickness at bottom, a d, of a brnick wall, so nicely proposioned, that
the stabihty of the masoury, assisted by the torce of the stabilitating por-
tion of the supported caith, should be m exact equbbrium with the over-
settng toree ol the upper pottion of the rupported earth, the statement of
our question i the 1ectangular revetment, represented in the first figure,
would be as follows.

Aeaabed x dg +meaarfe x on=arcaibf x mn. But from
the constiuction ot our figures, bn will, in all cases, be cqual tonf,
and (' p, or i k, will be equal to p ¢; and from the propertics of the center
of gravity of bodies, the area of ai fc x on, will be equal to the area of

the two trmngles (aki+fpec)x —f p, added to the area of the rectangle

kifp x—- fp: and the perpcmhcular distance of the center of gravity of

“the tnangle. ibf, from the line of separation, i f, will always be equal fo
one third of the perpendicular, b n, although it may not always coincide
with any part of the snid perpendicular, as represented in our fitst figure,
The former equation will, therefore, by substitution, assume the fullowing

form:

fp bn
ahcdxdg+(akl+fpc)x———+k|f —:lbfx—s-

And this last general statement will hold good, in all our three figures, and
it is more convenient than the former, because it does away the necessity

N2
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If the line, o r, is drawn in
a contraty direction, so that r_h_ﬁ___TL__,Q_/y\

the angle, mor, shallbe equal q -/~ | . .

"to the angle, m o p; the par- g

ticle, o, will in like manner /[ .
.. AN r

have a similar tendency to fall  —___ - fa:

or move in any direction be- i m

tween m, and r, unless it is properly supported. DBut as its actiou

of finding the precise position of the points, m. and o. The same question
shall next be treated alzebraically.

QuEsTION. Given the perpendicularheight of any revetment.ofa z2nven
description, that is to say, rectangular, slopmng, or leamng, to find £, the
thickness at bottom, which ought to be given to the wall, in order that the
stability of the masonry, aided by the force of the stabildating portion ol
the supported earth, shall be 1n equilibnium with the oversetting power of
the upper portion of the supported earth; the specific gravity of the
masonry and earth being supposed to be equal, and the latter bewng sup-
posed capable of standing at an angle of 45 degrees.

Cast 1. When the revetment is rectangular, and its given height is

supposed to be — a.
Under this supposition, by substituting n, as the valuc of the square

x?
root of 2, the stability of the masonry will be represented by “-? ; the furee
of the stabilitating portion of the supported carth will be represented by

P ; and the force of the upper portion of the supported earth will

n  On
.. (a—x .
be represented by (—J')-j Consequently the statement of the question

will be as follows.
ax® ax? x! (a—x)
7_’—+2u—6u"' on °

& a? a
SOLUTION. =T = < + L _=
8 8n 2

Case 2. 'When the revetment is sloping; its given beight being sup-
posed to be = @, and its given slope = —:

In this case the value of the stability of the masonry will be :o'-‘- — e
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on that side of the vertical line, o m, can produce no effect what-
ever upon the revetment, we shall take no further notice of it. ;
Now it has been shewn, that the particle of earth, o, has a
tendency to move, unless supported, in any given direction, be-
tween the'points, m, and p; and consequently, if it is supposed
to be supported throughout the whole of the above space,, it must
act with a certain pressure upon every point of the supporting
mass. But its pressure will, of course, be greatest in the vertical

but the value of each of the two portions of the supported earth will re-
main the same, as 1n the former case. The statement of the question will

therefore be,
ax? 'y ax? F (a—=z)

Z T o= on

s a? u? ‘a? a
SoLction. z= [ - +3—n+30’_2”,,

Cast 3. When the revetment is leaning, its given height being sup-

1
posed to be = a, and its slopes each = e
In this casc, afier substituting p, as the valuc of the expression, 1— l,
[

uz’
the stability of the masonry will be represented by + ; the force

of the stabilitating portion of the supported carth wrll be represented by

2 )
;—E — —:—-; and the force of the upper portion of the supported earth will
P"

ap—zx
be represented by ’;[_T‘)’ so that the statement of the question will
be,
a@r  axr  ax? z* _ (ap—a)?
2 T 2 Ton T 6pn— 6pn

a az ) a ap

ee Ju T o T
According to these solutions, in profiles each 30 feet high, the value of
x, or the thickness of masonry, in a rectangular revetment, would be =
7'4109 fcet: the value of x, or the thickness of masonry at bottom, in a
sloping revetment, having a slope of one-fifth, would be = 77404 feet, and
the mcan thickness of the masonry would be equal to 4:7404 feet: whilst

SoLUTION. & =
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direction, 0 m, which corresponds with the action of gravity : it
will be legst #n the direction, o p, which agrees nearly with the
natural slope;;“and in any intermediate direction, such as n, it will
act with greater force thau in the direction, 'p, but with less force
than in the direction, m.  But on iuspecting the figure,oit will be
evident, that the whole of the pressure, exerted by the paticle of
earth, o, upon that portion of the supporting mass, which lics
between she poiuts, m and a, acts upon the stabilitating mass of
earth, and in all probability adds to 1ts power of strengthening the
revetment. It will also Le evident, that the whole of the pressure,

the value of x. or the thickuess of wasonry, measured borsontaliv, na
leaning revetment, also supposed fo have :lopes of uie-Lid, wou i he =
48755 feet.

The theory, which has just been slaled, occunted to me, soon atier 1
discovered the very crroncous nature of the common hypothesis as to the
pressure of carti upon revetments; and the results, obtmngd fiom the
solutions, even appeared to agree with some of our first expersments: hut
on reflecting further upon the subject, and on tiy.ag more expenments, on
a larger scale, and with a more perfeet apparatus, I found that this thicon
also rested upon an inperfect hypothesis, although certunly much legs
objectionable than the common one. 1 do not therefore recommend that
the method of estimating the stiength of counterscarp revetments, which
bas been explained in this note, should be followed in practice, nor do §
vouch for the accuracy either of the above solutions, orot others, that might
be obtained by applying the same principles to scarp revetments, demi-
revetments, &c. But upon the whole I judged it best to mtioduce them,
although not strictly accurate, because to those readers, who may not have
studied any of the common theories of revetments, the above will serve as
a specimen of the manner, in which mathematical wrniters have usually
attempted to reduce this subject to a matter of calculation.

As the more correct theory of revetments, which is afterwards laid down
by mec in the text, and corroborated by experiments, is founded upon a hypo-
thesis of anore complex nature than the above: hence arises the difliculty,
which, as | said, there will probably be, in solving it mathematically, by any
convenicnt formula, hhely to be practically useful ; for even in caleulating
according to the very simple hypothesis assumed in this note, if we had not
supposed the specific gravity of the revetment and of the supported earth
to be equal, solutions of a simple nature could not have been obtained.
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exerted by the same particle, in the direction of any point, such
as n, which falls withm the base of the revetment, must neces-
sarily tend to add stability to the masonry; so that the only part of
the pressme of the particle, o, which tends to overset the revet-
ment, is that which is exerted in the direction of some point,
such as p, which falls without the base of the wall.

From heuce it follows, that the strength of any proﬁkls as the
mass of masonry contained in the revetment, and as tl;e‘ stabili-
tating portion of the supported earth, directly ; both of whlch in
a revetment of any given description, whether rectangular, sloping,
countersloping or leaning, will evidently increase in proportion to
the base or mcan thickness of the masonry : so much so, that by
adding to the said thickness, the upper portion of the supported
earth, which is the ounly part of it that can possibly tend to weaken
the 1evetment, may be made cutirely to disappear ; and this case
shall be considered the first, out of four distinct cases of revet-
ments, that shall now be explained.

Cask L. Tor example, in the annexed figure, if we suppose,
abed, to represent a counterscarp or gorge revetment, whose
base 1s equal to its height, the dotted line, d b, drawn from the
front of the base, paiallel m__ ..
to the boundary line, ac,
will not, as in our former
figures, cut off any portion

. B .
whatever of the supported l )
mass of carth, a b c; and / R
consequently the whole of a! '

the said mass must add — " 0

stability to the revetment, so that the masonry will become
much stronger and more capable of resisting any power, that
may have a tendency to overset it, after being backed with
loosc earth, than it was before. And in a profile of this kind.
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it will be evident, from the principles befoie laid down, that
by increasjpg the quantity of loose earth, pressing upon the back
of the re nt; as for example, by raising it to the level, m n,
the stability of the profile will be increased in proportion ; but if
the quantity of supported earth is diminishcd, as for example, by
lowering it to the level, o p, then the stability of the profile will
be diminished in proportion ; and the supposed revetment will be
reduced to its weakest possible state, by clearing away the whole
of the loose earth from behind it.

Case II.  Butin order to produce a similar effect, namely, that
the mass of supported carth, n any profile, shall, upon the whole,
add stability to the masoury, it is not absolutcly necessary, that the
base of the revetment should be equal to its height, or that the
former should bear so great a proportion to the latter, us to cause
the upper portion of the supported earth enurely to disappear,
as in our last figure. For although the upper potion of the
supported carth, when such there is, in any profile, has alway«
some tendency to weahen the revetmeut, yet it was before shewn,
that even this portion does not exert the whole of its fuice to that
effect, but a part of it only, the remainder oi its force being employed
in adding stability to the masomy, by pressing it downwards upon
its foundation. And consequently, in those protiles, in which the
base or mean thickness of the revetment arc so regulated, that
after the wall is backed with loose ecarth to the level of the top
of the revetment, the upper portion of the supported earth bears
a smaller ratio than usual to the stabilitating poition, it may
happen “that the stabilitating power, even of the former portion,
singly, shall be very little inferior to its own oversetting power; 'so
that, upon the whole, the general result of the action of the total
supported mass, upon the stability of the revetment, shall be similar
to that of our former case.

Thus, for instance, in the following figure, in which the mean
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thickness of the counterscarp or gorge revetment, ab ed,f is sup-

posed to be rather less in . ‘ }n./a;___,.g__
T '

Proporuon 1o its height, than PyAly

in our last example, other par- g »

ticulars remaining the same; e hf 5,-"'
it may easily be understood, de

that the small superior por- .

tion, g b f, of the supported _ d/7 . &

mass of earth can, of itself,
have very little power of weakening the masonry, even if it were
not counteracted in that tendency, by the much superior power of
the stabilitating portion, agfc; and therefore the same general
conclusion will hold good in this, as in our former case: that is to
say, the revetment, ab ed, will be in its weakest possible state,
when there is no earth pressing upon it: its strength will be greatly
mcreased by backing it in with loose earth to any given continued
horizontal level, such as b ¢, and it may be still further increased,
but cannot be diminished, by adding to the quantity of loose earth,
as for cxamplé, by raising it to a higher level, mno.

[n the case, which has just been stated, it is to be observed, that
although by increasing the height of loose earth from the level,
b ¢, tomo, the upper portion, ¢ b m n, may no longer bear a
very small ratio to the stabilitating portion, a g n o, as before ; yet
by reason of the natural slope, b m, the additional mass of earth,
bmnf, which becomes a partof the upper portion, is thrown so
much to the rear of the revetment, as to exert a very considerable

part of its pressure upon the base of the wallin a manuer favour-
able to stability *

CaseIlI. By reducing the proportional mean thickness of

* In reflecting upon this subject, it occurred to me, that there might be
eases, in which the stabilitating power of the upper portion, gbf, of the
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masonry of our counterscarp revetment,a certain degree less than i
our seconid suppositiou, other particulars remaining the same, it may
happen, tw. the strengthening and oversctting powers of the
supported mass of earth may become exactly equal, so as to cancel
each other, like equal and counteracting weights in an opposite
pair of scales. When such is the case, although the weight of
earth pressing upon the revetment may be very great, its effect in
regard to the stability of the profile will be null, so that preciscly
the same power will be capable of oversetting the revetment, when
backed to its proper height with loose earth, which would have been
capable of oversctting it, before any earth whatever was apphed
to 1t.

Casg IV. If we suppose the nean thickness of masonry of cur
counterscarp revetment to be reduced, in a catain degree less than
in our, last supposition, other particulars remaining the <ame; it
will then happen, that the upper portion of the supported carth
may exceed the stabibitating portion in magnitude; and at the
same time, that its own oversetting power may be considerably

supported mass, might exceed its own oversetting power: so that, even the
upper portion, considered singly, might tend, upon the whole, rather to
strengthen, than te weaken the profile.  On trying varnions experiments,
bowener, to ascertain this point, some of whicl shall afterwards be noticed,
we found that in loose soil, the upper portion of the supported mass does
always appear to weaken the profile, more or less ; so that, for example, in
our preseut figure, although the substantial reveiment, ab e d. has greater
stability, when backed with the mass of loose earth, a b ¢, than if there were
no earth at all applicd to it; its stability would be still further increased by
removing from the said mass, the upper pottion, g b {, and leaviug only the
lower pnrtion,agf ¢, to press agaiust the back of the masonry. In like
manner, the same revetment, a b ¢ d, will have more stability, when backed
with the mass of loose ecaiill, a bmo, than if thcie were no earth
applied ; but its stability wiil Li~ greatest of all, when the upper portion,
g bm n, of the said mass is removed, leaving only the lower portion of
it, ag n o, to act upon the bach of the masonry.
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gicater than its strengthening power.  When such is the case, the
yevetment will be much weaker when backed with logse earth,
than if there were none; so that it will overset at a certain height
ny the mere pressure of carth acting upon it; but even in this
case, a¢ 1 our former ones, some portion of the supported earth
will always tend to give stability to the masoury.

For example, a b e d, in the anncxed ey T e B
figure, may 1epresent a counterscarp revet- rll.-.- i §
ment of this description, which is so pro- o o P
portioned, that after backing it with a B '
ioa

loose caith, to the level, ec, of the top of 712 _
the musonry, it will barely be able to resist the pressure; by
reason of the great 1atio, which the superior portion of the sup-
poited earth, g bf, hews to the stabilitating portion, ag f c, as
well as on account of the iucousiderable power, which either of
them can evert upon so small a base, as that of our present
revetment.  In a profile of this description, any the least addition
to the quantity of loosc earth, pressing on the back of the revet-
ment, us for cxample, by raising 1t to the level, m n, would iustantly
overthrow the wall.  If, on the contrary, we suppose the quantity
of loose earth piessing upon our counterscarp revetment to be
diminished, as for example, by lowering it to the level, rs, its
oversetting power will also be diminished in proportion, so much
s0, that the action of the loose earth may come under the third
case; that is to say, the revetment may neither gain nor lose in
stability, by being so loaded. Again, if we suppose the quantity
of loose earth to be still further duninished, as for example, by
loweiing it to the level, o p, the upper portion, g o q, of the
supported mass, may then bear so small a ratio to the stabilitating
portion, a g q p, that the circumstances may come to agree with
thosc of our second case; that is to say, the revetment, when
backed to the level, o p, will become somewhat stronger, than if
there were no loose earth pressing upon it.
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Having now stated the four gencral cases of revetments, it is to
be remarkutnﬁnt the two former are not suitable for practice, as
they end&nt‘y unply a much greater strength of masoury, than can
be necessary, for supporting the pressurc of loose earth acting upon
them. The third case, or even a profile in some degrec weaker,
is suitable for revetments without counterforts, when such are
nsed. The fourth case, in which the masonry is barelv cupable
of resisting the pressure of earth acting upoun it, may, by the
addition of well-proportioned counterforts, be rendered sufficiently
strong and fit for practical purposes.

With regard to the effect produced upon the stability of partial
revetments by a berm, it may be observed, that this also will, in a
great measure, depend upon the propoition which the base or
mean thickness of the masonry bears to its height. If the pro-
portional thickness is inconsiderable, such profiles will be stronger,
by allowing them a berm; but if their proportional thickness
should be increased beyond a certain limit, they will then be
stronger without one.

For example, in the aunexed figure, if we supposc the mean
thickness of the revetment, a cbd, to be so small, in proportion
to its height, that it is barely strong enough for resisting the pres-
sure of loose earth, when raised m . .nwu
to the level, ec, of the top of '
the supposed masonry; it will
be evident, that after allowing a
besm of sufficient breadth, such
as bf, the mass of loose earth
may be increased, by raising it
to any given height, no, above
the revetment, without prejudice to the strength of the profile;
for by this arrangement the additional mass of loose earth, fnoe,
may be thrown so much to the 1ear, as to act solely upon, and to
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co-operate with, the stabilitating portion, agf e, of the ongunl
supported mass pressing upon the revetment, the effect of which
will be favourable. But if the loose earth were supposed to be
raised to an equal height, mn o, above the same re%retment, without
allowing any berm; then so great an additional mass, bhmunf,
will be made to co-operate with the upper portion, gcf, of the
original mass of supported earth, that the revetment will be
unable to 1esist their united efforts, tending to overset it. With
respect to the small additional triangle, cbh, it is true, that by
pressing vertically downwards, upon the top of the revetment, it
acts with its whole weight in a manner favourable to stability ;
but in thin profiles, like that which is now under consideration,
this triangle forms by far too inconsiderable a portion of the total
additional mass, bmnf, to be of any effectual assistance to the
revetment, which, if loaded with loose earth to a certain height,
without allowing a berm, must necessarily fall, as was before asserted.
To illustiate more fully the principle which has been stated, in
a second figure, drawn similar to the foimer, in other respects,
let ACB D represent a new revetment, whose mean thickness
bears a much greater 1a- ' M N o

tio to its height, than that I /

which has just been com- ’

meuted upon. Then it . ’

will be cvident, that if B/__C !(_f/ F

the Joose earth pressing R

upon this new revetment, D ,\I )

should be raised from the ~ T— "1

level, CE, to the height, N O, allowing a broad berm, such as
BF, the additional mass, FN OE, will act upon and be made
to co-operate with the stabilitating portion, A G F E, of the ori-
ginul earth pressing upon the revetment ; and this, according to
the principles before laid down, will tend to increase the stability
of the profile, in a certain degree. But if the earth should be
raised to the same height, M N O, without allowing any berm,
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the streugth of the profile will be still further increased ; for the
additional triaggle, C B H, acting vertically, which in our Yormer
profile wis 3 ificant, will, in our new profile, by reason of the
greater thickness of masoury, become so considerable, as to have
very great power in preventing the revetment from oversetting ;
whilst, by the same reason, the remainder of the additional mass,
CHM NF, although bearing upon the superior portion, G E I,
of the originally supported earth, will be thiown so much to the
rear, as to press with a considerable force, and with an effect also
favourable to stability, upon the base, A D), of the 1evetment.
Thus, upon the whole, our present substantial profile, A C B D,
if used as a partial revetment, will be stronger without a berm
than with one.

From the same reasoning, it will be obvious, that when a par-
tial revetment, of inconsiderable thickuess, 15 constiucted with
counterforts, a contrary eflect may be produced upon the several
portions of the profile, Ly the use or disuse of a berm. Tor ex-
ample, the revetment itself, in general, may be weakened, by
raising the loose carth over it to a cerggin height, without allowing
a berm ; whereas, those particular ‘ons of it, that are sup-
ported by counterfuits in rear, may, by rcason of their superios
depth or general thickness of masonry, be greatly strengthened,
in consequence of the same construction.

We shall next take into consideration the peculiar effect produced
by counterforts in strengthening a revetment. In this inquiry, the first
obvjous principle, which naturally presents itself, is, that, as far as
regards the pressure of loose earth in rear, only, in any revetment,
constructed with counterforts, those particular portions of the ma-
sonry, which are supported by a counterfort, will have a stability
equal to that of a simple profile, of the same height, without coun-
terforts, whose thickness shall be equal to the total thickness o1
depth of masonry, contained in the first revetment, and in one of
its counterforts, added together. Thus, for example, in the an-
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nexed sketch, which represents the foundation plan of a rectan-
gular wall with counterforts, if we suppose the height to be 20
feet ; the thickness, ac, of the revetment, to be 5 feet; and the
length (c ¢) of the counterforts also to be 5 feet ; it will be evident,
that as far as regards the pressure of loose earth acting imme-
diately in rear of it, the stability of any portion, e a bf, of the
profile, which includes a counterfort, will be the same as that of

a similar portion

a h
of another rectan-
gular profile, with- ] c a

out counterforts, al- ] J . l .
X m n

0 20 feet high, but - e f

having a thickness

of 10 fect, which
15 equal to the total thickness or depth of masonry, ae, contained

[-Y g

in a continued section, taken from the front of the revetment, re-
presented in our presentfigure, thiough one of its counterforts.
But it is further to be remarhed, that in all revetments having
counterforts, the pressure of loose carth retained docs not only act
upon the rear, but also upon the sides of every individual coun-
terfort, such as, ce f d, inour figme. For example, if we sup-
pose the points, o, m, and n, to be equally distant, the former
from the rear, the two latter from the sides of the said counterfort,
they may represent loose particles of the setained earth, situated on
the same horizontal level, at'a considerable height above the base
of the masonry. It is almost necdless to repeat, what was before
observed, that loose earth has a tendency to act in a circle, in every
dircction, but always at a certain angle downwards;* conse-

* The scope of action of a particle of shingle or loose earth, may be
represented by an upright cone, of indefinite depth, of which the said
particle is supposed to be placed at the vertex ; and whose sides slope in
such a manner, that in a vertical section. the angle at the vertex shall either

be a right angle, or alittle greater.
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g,

quently, the two particles, m and n, will not only press against
the back of the revetment immediately in front of them, but also
against ﬁﬁ‘ $s, ¢ ¢, and d f, of any counterfort such as, cef d,
which is to the right or left of them, upon which they will each
act, with a force equal to that, wherewith any equidistant particle,
0, acts agaiust the back of it. But it must be evident, that the
pressure, exerted by the particles, m and n, on opposite sides of
the counterfort, cannot have the least tendency to overset it: on
the contrary, these particles jam or grasp it between them with great
force, in the same manner that a blacksmith’s vice grasps the sides
of a piece of iron ; and as the same reasoning which applies to any
individual particles, such as, m, n, and o, applies to all other parti-
cles, composing the total mnass of retained earth; it follows, that
whatever tendency there may be in the pressure of loose earth
acting on the back (e f) of any counterfort (ce f d) to overset the
profile, this tendency is powerfully counteracted by the pressure
of the same matenal, acting upon the sides of it (c e, and df).
And, from these considerations, it will appear, that in a revetment,
built with counterforts, the stability of any portion (e ab f) of the
profile, which includes a counterfort, will not merely be equal to,
but will be much greater than, the stability of an equal and similar
portion of another revetment, built without counterforts, but of
the same height, and having a thickness of masonry (a e) equal to
the total thickness or depth of masonry, contained in a continued
section, taken from the front of the first revetment through one of
its counterforts. *

) Here it may be remarked, that this is another part of their sub-
ject, in which all the theoretical writers upon revetments have

® In consequence of the great additional stability, arising from the
pressure on the sides of counterforts, it will often happen, that a revetment
of any given thickness (such as 5 feet), and baving counterforts of a given
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fallen into error; for none of them have takeu the least notice of
the pressure of the supported earth, upon the sides of couuter-
forts, which has been shown to act in a mauner so !ery favourable
to stability: and accordingly, in consequence of this omission,
the various theories of revetments, that have hitherto been
published, if applied to profiles with counterforts, yield results
still more glaringly erroneous, than when they are applied to simple
profiles without counterforts.

Having thus explained the various effects produced by the pres
sure of loose carth upon revetments; having shown, that this
pressure does not always tend to overset or weaken, but that, in
certain cases, it may greatly strengthen a profile; having also shown,
that, in some cases, a berm may be prejudicial to the stability of a
partial revetment; both of which positions are equally contrary to
received opinions ; and having lastly explained an important advan-
tage, arising from the use of counterforts, which appears to have
been hitherto entirely overlooked ; 1 shall remark, that ahkough
the truth of these new principles upon the subject of revetments,
will probably appear sufliciently obvious, from what Las already
been said; yet I conceive, that it would be a vain task to attempt
to determine, by reasoning or calculation alone, what pdrticular
dimensions ought to be given to a profile of a certain description,
in ordcrto bring it exactly under any one of the various cases of

length (which we shall also suppose to be 5 feet), may gain in stability by
being backed with loose shingle to any given height : whilst another 1evet-
ment, without counteriorts, of the same height, and baving a thickness (of
10 feet, which is) equal to the total depth of masonry in the strougest
parts of the former, will not gain, but lose, in stability, by being backed
with shingle to a similar height, and under similar circumstances.

The truth of this ohscrvation will be proved by referring to the tables of
experiments with shingle afterwards given, in which compare experiments
109, 110, 111, 118, 113, in Table IV, with c\periments 62, 63, 64, 65,
66, in Table III. Compare also experiments 119, 120, 121, 122, 128, in
Table IV, with experiments 72, 73, 74, 75, 76, in Table 1II, &ec. &c.

VOL. Il. 00
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revetments, which have been discussed. And therefore, without

enlargi upon general principles, I shall now proceed to

state K\mmcms before alluded to, which were receutly
tried, at Chadmm, under my directions.*

A certain number of wooden cases, which shall aftcrwards be
more particularly described, were piepared and filled with ramumed
earth, so as to weigh about 84 Ibs. per cubic foot. Thev were
all three feet long, and most of them 26 iuches high, but their
mean thickness and slopes differed, in order that they might repre-
sent revetments of various hinds and propoitions. Most of our
experiments upon these models were tiied with loose shingle per-
fectly dry, which when thrown up to the height of 5 feet assumed
a slope, whose base was about 6 feet 3 mches. At smaller
heights it might be made to stand a little stceper, but in no case at
a less slope, than that of 1to 1. A cubic foot of this substance
weighed 89 1bs.

When any experiment was to be tried, one of the models was
placed on its base, in the position, A, upon a smooth plane of
wood, b c, as represented iu the annexed figure. T'o the back of
the top of the model was fixed one end of a string, which after
passing horizoutally over a pulley, d, hung down and supported a

* They were commenced by Lieut. Montgomery Williams of the Royal
Engineers, with a select party of intelheent non-commissioned oflicers
and privates. That officer tried personally nearly the whole of the eape-
riments with shingl« contained in the fisst secyen Tables, afier which, on his
being removed to another station, I gave the charge of the party to Ser-
jeant Daniel O'Bryen, who had previously assisted Lient. Williams, and
who completed the remainder of the expetiments recorded in this chapter,
with the exception of some that were tricd by Serjeant Foster Taylor.
The same process was in all cases repeated several times, for the sake of
accuracy, taking the mean of the various results, as the definitive conclu-
sion to bedrawn from each experiment. T was frequently present, and am
satisfied as to the acearacy, with which the various trials were made.
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scale, E, for holding weights. After the modecl was thus atranged,
a trial was first made, by means of the scale, to ascerfain what
weight was required to overset it, without any shingle or loose
earth being applied to it. This being done, the model was then
replaced in the same position, and backed with shingle to a cer-
tain height, according to the nature of the proposed experiment ;
and if it did not overset in consequence of the pressure, thus act-
ing upou it, weights were put into the scale, as before, in order to
ascertain the increase or diminution of stability caused by the
shingle.

It is to be observed, that a rough board, f g, sloping at anangle
of rather less thun 45 degrees, was placed about one foot in rear

% i e
el

‘)' “’l‘ \i\ '
il . *
___.‘I /J\l‘ :‘ b F C

of the bottom of the model : so that in whatever mode the mass
of shingle might be applied to the supposed revetment, it was
always bounded and supported in rear by the board. This was
done in order to save the men employed from unnecessary labour,
in throwing up a superfluous quantity of that material; it being
evident that no part of the mass of shingle, which was behind the
dotted line, h i, drawn parallel to f g, could possibly affect the
revetment. For the same reason, the space, in which the shingle
was thrown up, was bounded, on each side, by two smooth planes of
oo0¢
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wood work, placed vertically and parallel to each other, one of which
is shownyin ?ﬂticn by the rectangle, hk g c; their distance apart
being a&t: 'feet 1 inch; that is to say, a small degree more than
the length of each model : and great care was taken, in every experi-
“ment, that the model should not be preveuted from falling, by any
particles of shingle getting jammed betwcen the ends of it, and
the above planes; for which reason it was placed immediately in
front of, but yet as near to them, as possible, in the manner
shown in the figure.* By rcason of the small height of our mo-
dels, it was necessary to dig a hole in front, in order to make room
for the free action of the scale and weights.  All our experiments
were tried under cover, this precaution having been found essen-
tial to accuracy.
The first set of models made, represented by the letters,
a, b, c, and d, in the annexed figures, were all 26 inches high ;
had a thickness or mean thickuess of 4 inches, and weighed cach
of them 182 lbs. The model, a, represents a rectangular revet-

ment ; b, represents a countersloping revetment, having a counter-
slope of one fifth; c, represents a sloping revetment, having a slope
of one fifth; and d, represents a- leaning revetment, also huving

slopes of one fifth.

On trying the stability of these profiles, in the manner before
described, we found that the rectangular model, a, required a

L

* When countersloping or leaning models were used, smull triangular
pieces of plank, cut 50 as to correspond with the slope of the back of the
supposed revetment, were added to the lower part of the front, bk, of
each of the wooden planes.
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weight of 12 Ibs. to overset it without shingle; but on backing it
with that material, in order to represent a counterscatp revet~
meut, it fell of itself without any weizht being used, as soon as
the shingle was jaivd to the height of 22 inches above the
base, that is to say, 4 inches lower than the top of the
model. (See, in the following Tables of Experiments, Tab. 1.
Lrp. No.1.)*

The stability of the countersloping model, b, without shingle,
proved to be 12§ Ibs.  On backing it so as to represent a counter- -
scarp revetment, it also fell of itself, without using any weights,
as soon as the shmgle was raised to the level of the top of the
model. (Sce Tab. 1. Exp. 11.)

The stability of the sloping model, ¢, without shingle, proved
to be 27 Ihs.  When backed to the level of the top of the model,
s0 as to represent a counterscarp revetment, it required a weight
of 5% lbs. in addition to the pressure of the shingle to overset it.
'The original stability of this model being therefore equal to27 Ibs.
and its stability as a counterscarp revetment only 5% Ibs.; it fol-
lows, that the stability lost, in consequence of the pressure of
the shingle, may be estimated at 213 Ibs.  (See Tab. 1. Exp. 5.)

The stability of the leaning model, d, without shingle, was

*® Inour various experiments with shingle, the models were always oh-
served to move a little, after the application of a certain weight, which
however proved incapable of oversetting them. The weight required to
move any model, in the manner alluded to, in a small degree out of its
original position, which was done by pulling the top of it forwards, whilst
the front of the base appcared to remain at rest, amounted usually to
about three fourths of the total weight, or even more, when the models bad
counterforts attached to them ; but when tried withont counterforts, the
weight which first thoved our models, was, in general, rather less than two
thirds of the oversetting weight. It did not, however, in any case, fall
short of one half of the latter. Scveral intermediate movements or
changes of position usnally took place, between the first movement+and
the fall of our models.
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25 Ibs. ;* but as a counterscarp revetment its stability proved to be
only 6} 1. ; #o that the stability lost in this profile, by reason of
the shinglé;appeared to be 184 lbs. (See Tub. I. Luxp. 8.)

. From the above experiments, we conciuded, that any profile
without counterfotts, even having so considerable a slope as one
fifth, whose mean thichness 1s two thirteenths of its height ouly,
will not by any mcans be strong enough, cither for a gorge or
counterscarp 1evctment, in fortitication, or for the retaining wall of
a wharf, &c., in civil works. We theciore had a new set of
more substantial modcls made, also 20 inciws hizh, but having a
thickness or mean thickuess of 8 inches.  Lach of these new mo-
dels, being double of the former in cubic contents, weighed

364 lbs.

On trying the new 1ectangular profile, whose dunensions have
just been stated, its stability without shingle was 47 Ibs.; Lut on
backing it with that material, so as to represent a counterscaip
revetment, in the manner shown n fig. e, its stability proved to he
only 501bs.; the loss of stability, occasioned by the pressure of
the shingle, being therefore equal to 17 lbs. (See Tub. 1. Exp.45.)

We next tried the same rectangular madel, as a scarp revet-

* That is to say, its stability as opposed to a pressure in rear. Ina
contrary direction, by rcason of the simaliness of its base, it had none, but
even required some support to prevent it from falling. The saine happened
in one of our other leaning models, in which the thickness was so inconni-
derable, that a vertical linc, dropt from the centre of gravity, also fcil
without the basc.
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ment without a berm, heaping shingle above it, in the manner
shownin fig. f. As soon as this material was raised 24 inches
higher than the top of the supposed revetment, the model fell of
itsclt, by the pressure of the shingle, without any weights being
used. (See Tab. 11. Exp. 44.)

On allowing a berm of 8 inches, the stability of the same rec-
tangular model, when the shingle was raised 30 iuches higher than
the top of it, n the manner shown m fig. g, proved to be 14 Ibs.

And on afterwards raising the shingle to the height of 60 inches,
with a berm of the samc breadth,  the manner shown in fig. b,
the stability of the model proved to be 131bs. (See Tab. II.

Exps. 45 and 406.)

We next tried the countersloping model, whose height was 26
inches, its mean thickness 8 inches, aund its counterslope one fifth
of the height, under the several following circumstances :

First, we ascertained its stability without shingle, which proved
to be 51 lbs.

Secondly, we tiied it as a counterscarp revetment,, by backing it
with shingle, in the manner represented by fig. i, which being
done, its stability proved to be 801bs.: so that a countersloping
model of the above description appears, in this case, to gain an
additional stability of €9 lbs., in consequence of the pressure of
the loose shingle acting upon it.

Thirdly, we heaped shingle over the top of the model to the
height of 80 inches, without a berm, in the manner shown in
fig. k, which being done, its stability proved to be 70 Ibs.

Fourthly, we raiscd the shingle as before to the height of S0
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inches over the top of the model, but left a berm of 8 inches, a«
in fig. I é this case the stability of the profile proved to be
82 Ibs, .

Fifthly, we raised shingle over the model to the height of GO
inches, without a berm, as in fig. m, and found that the stabiity
in this case was 63 Ibs.

Siathly, we raised the shingle, as in the preceding experiment, to
the height of 60 inches, but left a bermn of 8 wches, as in fig. n,
which beiug done, the <tabihiv of the protile proved to be 80 lbs.
(For the lust-mentiwoned Eperiments, see Tab. 111. Etps. 72, 75,
74, 75 und 76.)*

We then tried the sloping model, whose height was 26 inches,
its mean thickness 8 inches, and its slope one-fifth, under pre-

* In experiment 1, the weight of shingle actually supported bv and
pressing upon the back of the model, may be estimated at 908 lbs. ; but in
experiment n, it may he estimated at 1390 1bs.: hence, as the model aself
weighed only 364 lbs., our supposed revetinent was loaded, 1 one case,
with about 21 timesits own weight of shingle, and, in the other, with more
than 13 times 1ts own weight of shingle, and yet i both cases its stability
proved much greater than it had been before any pressuie whatever was
apphed toit; and in both cases, too, the stahility was found to be equal,
although the pressure of the loose material, in the onc case, exceeded that
of the other in a five-fold-ratio. The above results expose, in the strongest
light, the very crroneous nature of the commonly received hypothesis, ac-
cording to which, the profile, n, as compared with the profile, i, ought to
have had no stability whatever, unless the dimensions of the supposed re-
vetment bad been increased in proportion to the excess of pressure.

According to Vauban's rule, for example, which was hefore statedin page
598, whatever thickness might be proper for the supposed revetment, used in
fig. i, that thickness ought to bave becn increased by one fiflh part of 60, in
order to produce a profile proportionally strong, for the partially reveted
figures, m, and n. Consequently, as the model, i, has a mean thickness of 8
inches, the model, n, ought. by the above erroneous hypothesis, to have
bad a mean thickness of no less than 20 inches, in order to possess a
stability equal to that of the former.
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cisely the same circumstances as the last, and found ﬂle following
results :
Its stability without shingle proved to be 85 Ibs.

-t

Its stability, as a counterscarp revetment, as in fig. o, proved to
be 77 lbs.

Its stability, with 30 inches of shingle over it, and no berm,
as in fig. p, proved to be 60 Ibs.

Its stability, with 30 inches of shingle over it, and a berm of
8 inches, as in fig. q, proved to be 63 Ibs.

Its stability, with 60 inches of shingle over it, and no berm, as
m fig. r, proved to be 64 lbs.

And its stability, with 60 inches of shingle over 1t and a berm
of 8 inches, as in fig. s, proved to be 65 lbs. (See Tab. I11. Exps.
62, 63, 64, 65, and 66.)*

We next tried the leaning model, whose height was 26 inches,

* As a sccond example of the gross practical errors, to which the common
bYpothesis of the pressure of earth upon revetments may lead, I shall re-
mark, that if the dimensions necessary for a partially reveted profile, such
as s, having a berm equal in width to the thickness of masonry, had
been calculated according to the theory of Professor Muller, the sloping
model used, instead of 8 inches, which proved to be sufficiently strong,
ought to bave bad a mean thickness of about 40 inches, which is more
than 1§ times its height; and, in addition, it ought also to have had coun-
terforts, 6§ inches long, and placed at central intervals of four times their
width apart, (See Muller's Practical Fortjfication, Section 1.)
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its horizontal thickness 8 inches, and its slopes equal to one-fifth of
the beight, @ found the following results:
Its stability without shingle proved to be 86 Ibs.

Its stability, as a counterscarp revetment, as in fig. t, pioved to
be 1101bs. .

Its stability with 30 inches of shingle over it, and no berm, as in
fig. u, proved to be 67 lbs.

Its stability, with 30 inches of shingle over it, and a berm of
8 inches, as in fig. v, proved also to be 67 Ibs.

Its stability, with 60 inches of shingle over it, and no berm, as
in fig. w, proved to be 68 Ibs.

And its stibility, with GO inches of shingle over it, and a berm
of 8 inches, as in fig. x, proved to be G2lbs. (Sec Tuble I11.
Erps. 67, 68, 69, 70 and 71.)

From the above experiments, with the larger hind of models,
that have last been described, we concluded, that in walls without
counterforts, whose mean thickness 1s equal to four thirteenths of
the height, the rectangular piofile is strong enough for a counter-
scarp or gorge revetment, or for the retaining wall of a whaif, &c.
bat that it 1s too weak for the scarp revetment of a work of forti-
ficalion; whilst by reason of the great additional strength, produced
by slopes of one fifth, the other forms that have been taken into
consideration, namelyv, the countersloping, sloping, aud leaning
profiles, of the same cubic contents as the former, are each fully
strong enough, not only for countciscarp or gorge revctments, but
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also for demirevetments or partial scarp revetments, having earthen
slopes of any given height, whether with or without a herm, above
the masounry. :

Having thus ascertained, that the first set of models were too
weak to represent a well proportioned revctment, and it appearing
probable, that the second set might he stronger than was abso-
lutely necessary for that purpose, we next tried a third set of
models, also 26 inches high, but having each a thickness or mean
thickness of G inches, so that they were exactly of a medium size
between the two kinds, that have been already described. These
were also rectangular, countersloping at one fifth, sloping at one
fifth, and leaning at oue fifth. Afterwards, in order to ascertain
the difference of stability that would be caused in the several
sloping profiles, by diminishing the slope from oune fifth to one
eighth of the height, we had other models made according to the
Jast mentioned slope, but corresponding with the former models in
height and mean thickness. Lastly, to each of the several models
that have been enumerated, we fixed a couple of rectangular coun-
terforts, made of the same materials as the models themselves.
These were all 26 inches high, and generally 4} inches wide, and
placed at central intervals of 18 inches apart, and were likewise
generally, but not always, equal in length to the mean thickness
of the model, to which they were attached ; so that the weight of
the counterforts, added together, was, in most cases, one fourth of
the weight of their supposed revetment. 'The stability of each of
the new profiles thus formed, was also téed with shingle, at various
heights, both with and without berms, in the same manner, and
under the same circumstances, as the former,

In order to enable the reader to form a clear general view of the
results, obtained by the numerous experiments alluded to, with-
out fatiguing his attention by a detailed statement of the whole
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of them in words, I bave thrown them into the form of tables,
each experipent being numbered for the sake of reference.  The
column in eh¢h table, which marks the height of shingle or earth,
denotes the said height, as measured above the top of the model,
or supposed revetment; so that when no number is placed under
that column, it implies that the shingle or earth is raised to the
level of the top of the model, which accordingly will, in this case,
represent a counterscarp revetmcut; but if there should be any
number written under that heading, with the ncgative sign —
prefixed to it, it implies that the shingle or earth is so much lower
than the top of the model. The berm, when such appears, in any
of the experiments, is always supposed to be equal in width to the
thickness or mean thickness of the supposed revetment. When,
m any particular experiment, no number is written beneath the
column of stability, it denotes, that the model fell, under the cir-
cumstances stated in that experiment, by the pressure of the shingle
alone, without any weights being used. Those numbers in the
tables, which denote weight or stability, are all in pounds: the
dimeusions are in inches.

Having premised so much in explanation of the tables, I shall
now proceed to lay the first course of experiments, that were made
with shingle, before my readers. They are as follows: *

* An idea also occurred to us of trying experiments of a similar nature
with small shot ; but on further reflection, we judged, that such experiments
enuld pot lead to any useful pﬁclicnl result, because that material is much
lomer, than any that can ever possibly press upon areal revetment. We,
therefore, in conductmg our general course of experiments, pitched upon
=ningle and rammed carlh, as the two extremes; the former being the

i osest, and the latter the most tenacious hind of soil, that can occur in

erul practice.
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TABLE II.
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M that it seemed to be fully proved by the above
besiibiits,” that a mean thickness, equal to four thirteenths of

g was greater than could be required for revetments in
yera); - I-afterwards, with a view to render our course more com-
bﬂne, had three additional sets of models mmle, more substantial
}-even than the said proportion, each of which was, like the former,
96 inches high, but of which one had a mean thickness of 10
inches, another'had a inean thickuess of 12 inches, and the thind
bad a mean thickness of 20 inches.
: On trying the two first of these new models with shingle, iri the
manner before described, we found, that there was not, by any
flﬁuns, that general coincidence and regularity, in the various re-
"ﬂts which had been remarked in our former experiments.  But
*}when we came to try the third and largest model, allnded to, the
. weight required to overset it, under preciscly the same circum-
stances, varied exceedingly, in our different trials, the difference
‘sometimes being not less than 1001bs. so that it was impossible,
in any particular experiment, to choose a satisfactory mean number
to express the average stability; and independent of this irregu-
lanity, there was another peculiar circumstance, equally unsatis-
factory, attending these mew models; namely, that they did not,
like the former ones, gain in stability in proportiun to their mean
~thickmess : so that, altfough the 8-inch model had exceeded the
6-iuch model, and the latter had execeded the 4-inch model, in
_proportional stability, the 20-inch model did not exceed the 12-
lacll model, nor did it even exceed the 18-inch model in propor-
ﬁgﬂ pabiliy®
8 .few trials vmh the QOsmch model; tbocme of lhxs

Vowr o fatgar e 7 PR
(RS ERETINEY: TR ORP RAG TR e
i “‘b 5n ‘r‘d: progk '" > aliove bave jrregularity, I shall remprk, that, i in our various
ap extegior ulope of one fifth, whcn successively
, 50 &3 o repruent counterscyp metmynh, the 4-inch
nodcl lo.t thm- of its original stability; the G-inch model lost
about one third of its original stability; the 8-inch. model lost about one
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nregularity was discovered; for we observed, that befnwit,":m
to move at top, which bad always been the first apparent effert
produced by he action of the scale and weights upon our origimal
small models, this large one would ususlly slide forwards, more
or less, upou its buse; which meovement necessarily produced a
proportional change in the quantity of the supported mass of
shingle ; so that, in the act of oversetting, the model was,expoved
to a variable and uncertain pressure of that material, not tp a
nearly umform onme, as appeared to have been the case, in the
experiments tried with the smaller models.

Now as actual revetments cannot possibly slide forwards, withs
out falling, unless the foundation is eacecdingly bad, in which case
due precautions either are, or at least always ought to be, takea to
preveut this movement ; it appeared to me, after proceeding so far,
that our experiments with shingle would not be conclusive, unless
sinnlar precautions were taken to prevent all such of our models,
as bad that tendency, from sliding upon their base.

For thus reason, 1 caused the whole of the experiments, that had
been made with our three large models, to be tried over again,
previously nailing down a thin wooden batten, resembling a com-
mon flat ruler, upon the plane on which they stood. The section
of the above batteu was nearly in the form of a wedge, the edge
of which came iun contact with the front of the base of the sup-

tenth of its original stability; hut the 10-inch model logt na stability. So
far our experiments appeared to take a regular course, and from these dats,
it was reasonable to expect, that the 12 and 20-inch models would bave
gained stability by being used as counterscarp revetments, instead of which
the average stability, even of the latter, on being backed with shingle to the
proper height, was less, by about onc twentieth part, than its average
stubility before any shingfe was applied. A similar imregularity was ob-
servable, on usifig tho several countersloping modefs of the sailé dhuén-
slois, In a similar matiner. ]
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posed revétment, and was of such inconsiderable thicknens, that,
whilst it prevented the model from sliding as required, it did not
diminish the height of it above one eighth part of an inch. When
this was done, we found, that the results of the new experiments

"”bed with our large models were no longer regular and unsatis-
factory as before.

Afterwards, I caused such of the smaller models, as had cither a
slope, or a countersiope of one fifth, also to be tried a sccond
time with shingle, usiug the same precaution which has just been
described, to prevent them from sliding ; for, although we had not
actually observed any movement of that nature, in the course of
eur former experiments, I conceived it possible, that it might
bave taken place in a small degree, and yet eluded our notice;
'arﬁcuhrly as our attention had not been at all directed to ascer-
tain this point, for we did not apprehend, on commencing our
course of experuments, that any irregularity was hkely to arise
from it. But what is remarkable, on using the battens, in front of
the smaller models, nstcad of causing a greater uniformity in the
results, a contrary effect was produced. For in ull our small
models, whose mean thickness was less than one fourth of their
height, when tried as partial scarp revetments, without counter-
forts, with the shingle raised 30 or 60 inches above the top of each,
the results of these new experiments were more capricious even
than the former ones, since, in some cases, the same model would
appeer to have considerable stability; in others, little or none.
But when used as counterscarp revetments, without counterforts,
thc mults were always sufficiently regular and satisfactory, not
only in the larger models, but also in such of the smaller ones,
whose 'mean thickness was not less than one fifth of their height.
Below that proportion great irregularity was observable in the sta-
hhty of our small models, even when used as counterscarp revet-
ments; without any shingle being applied higher than the top of
them. For the irregularities that have been stated, as well as for
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others, in the new course of experiments, which in %:mcuu
may appear very extraordinary, I shall not attempt to account. 1t
may be observed, however, that 1 have had them in view, in after-
wards framing the general rules for the dimensions of scarp and
counterscarp revetments, towards the conclusion of this chapter,
in which I might have recommended rather thinner profiles than 1
have actually done, had the results of those experiments, that were
tricd with the small models, proved less capricious and contra-
dictory. *

The new course of experiments with shingle, which was con-
ducted n such a manner that the models could not possibly slide
forwards upon their base, shall now be laid before my readers, in
the same clear and compendious form of tables, which has been
alrcady adopted. Thus, having a complete and faithful account of
the whole process before him, an intelligent reader may, from
thence, draw his own conclusions as to the proper form and
dimensions of a revetment for any given purpose, if he should not
be inclined to adopt the rules deduced by me from the same
experiments.

* As our experiments, tried with the same models and under the same
circumstances, often vielded discordant resnlts ; — if any other person were
hereafter to undertake a similar course of experiments with shingle, it
is not 10 be expected that these shonld exactly coincide either with
cuch other, or with those that are recorded in this book. But it may be
remarhed, that if a ccitain mean thickness is given to a model of any
description, its stability, when Joaded with shingle, will always bear a
considerable proportion to its original stability without shingle ; so that, for
example, although the results of various trials may widely differ amongst
themselves, yet in none of them shall the stability with shingle be,jeu than
three fourths or two thirds of the original stability. When such is the. et’n
in any model, it appears {0 me sufficiently to prove, that Tl ©
portional mean thicknenss is given to an actual revetment, it will,’ w:&.
addition of counterfarts, have ample stability as a retaining wall, M
for civil or militarv purnoses.
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+ The resuits of the experiments containcd in the above tables,
fully pﬂwﬂ the correctuess of the.new principles laid dowu by me,
upon the theory of revetments, as far as regards the general action
sz‘bbtal mass of loose earth, supported by any profile. But

fﬂh respect to the precise effect, produced singly by either of the
“component parts, such as the upper and lower portions, into
which the said mass may be divided ; as that may still appear a
matter of doubt, I shall now proceed to state the nature of some
additional experiments, which were tried for the purpose of iuves-
tigating this part of the subject.

We first took the 4-inch model, sloping at one fifth, and 26
inches high, and backed it with shingle, in the manuer represented
in.the annexed figure, A ; heaping up that material, in rear, toa
level, equal to the height of the top, f, of the model, but taking
“care to raise it, in front, no higher than the point o, which is only
6 inches above the base, ie.

By this arrangement, the dotted line, i0, produced, was made
to coincide with the natural slope, od, of the upper portion of the
supported shingle, so that the shingle pressing upon our supposed
revetment, A, in this peculiar case, exactly agrees with what
would have been the lower portion only of the total mass of
shingle, acting upon the same, if it bad becn backed with that
material, as a counterscarp revetment, in the usual manner.

On trying the average stability of our 4-inch model, thus
partially loaded with the mass of shingle, eod nm, acting upon

2 e
ti¥ lower past of it oaly (See fig. A), it proved to be 31§ lbs.
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which exceeds what had been the original average stability of the
s. me model, before any shingle was applied to it, by 7 Hm@‘ru-,
Afterwards, by increasing the quantity of shingle, pressing:
upon the same 4-inch model, by backing it to the contimued hori-
zontal level, f d n, s0 as to represent a counterscarp revetment, as
shown in figure B, we found that its average stability - became
equal to 104 Ibs. only. Now, this diminution of stability, in our
present experiment, when compared with the former one, must
necessarily be ascribed solely to the additional triangular mass of
shingle, o f d, which acts upon B, but not upon A, and which
constitutes the only difference between these two profiles. Hence,
on dividing the maes of shingle, supported by the 4-inch model,
considered as a counterscarp revetment, into two port'lons, an
upper and a lower one, in the manner before explained, the first
of the above experiments may be allowed to prove, that the lower
poition, € o dnm, tends solely to stabilitate the supposed revet~
ment, whilst the results of the first and secoud experiments, com-
bined, prove, in a manner no less satisfactory, that the upper
portion, o f d, of the supported mass, tends to weaken the sup-
posed revetment. And the diminution of stability, occasioned by
the said portion, o f d, acting upon our 4~inch model, in experi-
ment, B, may, of course, be estimated,at 21 lbs.; this being
equal to the difference between the twe numbers, 104 and 31§,
which represent respectively the stability of profiles, B and A.*

* Another mode occurrcd of endeavonring to ascertain the action of
the upper portion, o fd, by cxperiment, which was to place a'sloping board,
in the position, o d, to bound the shingle in rear, and thus to spply &
mass of shingle, of d, to the upper part, of, of the back of the supposed
revetment only, leaving the space, ¢ o d nm, bebind and below the board, 0 d,
entirely vacant. But, on further consideration, we rejected the mode, now
alluded to, as being less likely to prove accurate thau the former; hecause
the interposition of a solid plane of woodwork, such as the bowrd, o d,
would evidently prevent the mass of shingle, o f d, from exerting its natural
action, in any direction, falling withim the lower part, » 0, of the baok of
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v We afterwards tried similar eaperiments, successively, with the
. oﬂ\nm models, of the samie beight and exterior slope, but of
thickness, and raising the. shingle above them to a
belght, from all of which we obtaiued the same general
Mt,. namely, that the lower portion of the supported mass of
Joose .earth, acting upou a revetment, does in all cases add sta-
bility to it, whilst the upper portion of the supported mass, wheu
. such there is, inany profile, appears always to weaken it, ina cer-
tain degrec. But to relatc the whole of these trials would be
puperfluous. Two more of them only shull therefore be stated,
! wlpch will suffice for the purpose of illustration.
On trying the G-inch model slopiug ut oue fifth, and 20 inches
]‘b, when backed with the mass of shiugle, ¢ f hn m, as shown
b figure C, beaped to the Leight of 60 inches above the top, f, of
"the model, with a berm equal to the thickuess at top of the sup-
posed masoury ; the average stability of the profile proved to be
$91bs.; but witen the same model was backed with the lower por-
tion, e o k n m, of the said mass ouly, as shewn in figure D, its
average stability proved to be 57 Ibs. Cousequently the diminution
of stability, occasioned by the upper portion, o fh k, of the supported

s
1\ nw./

=z

/

ummmm wherens, in real practice, no snch obstacle is ever
maed, av.thut the sppec part of the supported mass, pressing upon an ac-
tpal revetment, is loft fige to exert its natural action in all possible direc-
tlons, favourable, as woll as unfavourable, to stability.
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earth, acting upon our 6-iuch model, in the former expetiment,
C, may be estimated at 18 lbs.; this being equal to the diffebénce
between the numbers, 57 and S9, which represent respeimiﬂ}
the average stability of profiles, D and C. .
In like manner, on afterwards trying the 12-inch slopitg model,
of the same slope and height, under the circumstanices last de-
scribed, its average stability ay a partial scarp revetment,” when
backed with shingle,in the manner shown in figure C, proved to be
181 lbs.; whilst its average stability, when backed with the lower
portion of the same nass only, as shown in figure, D, proved equal to
1851bs.; so that the ditference, 4 Ibs., inay be assumed as the average
value of the weakening power of the upper portion of the sup-
ported earth, acting upon the 12-inch model, in the former case.
+ Now, as the original average stability of each of the above three
profiles, namely, the 4-inch, the 6-inch, and the 12-inch sloping
models, was equal respectively to 24} Ibs. 47 lbs. and 181 lbs.
before any shingle was used, and as the average value of the weaken-
ing power of the superior portion of the¢ supported mass, acting
upon each, when backed with shingle, the first in the manner re-
preseuted in figure B, the two others in the manner represented in
figure C, has just been shown to be equal respectively to 21 Ibs.
18 Ibs. and 4 lbs. ; hence it follows, that in the 4-inch model, the
weakening power of the upper portion of the supported mass was
equal to about jths of the origiual stability ; in the 6-inch model it
was equal to about §ths of the original stability ; but in the 12-inch
model, it was equal to about ;4 th part only of the original stability.
Upon the whole, therefore, it appears, that although the upper
portion of the supported mass of loose earth, pressing upon any
revetment, always teuds to weaken the profile more or less; yet
that the said weakening pewer, which in profilés, sloping at one
fifth, whose meau thickness is less than three thirteenths of their
height, is very cousiderable, gradually diminishes, in proportion
as any addition is made to the mean thickness : so that in similar
YOL. 11 9@
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profiles, whose mean thickness is equal to six thirteenths of the
height, the said weakening power be¢omes altogether incensiderable
and insignificant, not exceeding on an average ubout one forty-fifth
part of the original stubility. And yet, even in cases m which the
weakening power of the upper portion of the supported mass is so
trifling, as has just been stated, the actual weight, wherewith it
presses upon the revetment, may be very considerable, as was
proved by the last-mentioned expennment, tied with the 1¢-mch
model, in which the weight of the upper portion only of the
supported mass of shingle was more than double the weight of the
supposed revetment, as may easily be asceitamed by calculation.
In reflecting further upon the same experiments, now under
discussion, it will also be evident, that by mcieasmg the mean
thickness of a sloping revetment to more than s thirteenths
of the height, the weakening power of the upper portion of the
supported mass of loose earth will alw be dunmmshed to less
than one forty-fifth part of the ongmal stability ; and thus, by
successively mcreasing the mean thickness of masonry, more and
more, other particulars remaining the same, the weakening power
of the upper portion may be more and more dimumshed, untl
at length 1t shall become vull ;—an effect, which in sloping revet-
ments, without counterforts, may be eapected to take place, when
the base of the masoury 1s made equal to the height, or nearly so.*

® The eflect of tho weakening power of the upper portion of the sup-
ported muss of lovse earth bas been proved to be very inconsiderabic, ma
revetment sloping at onc fifth, even when the base 15 not much more than
balf the height, as is the case in the 12-inch model.  But when the base is
made equal to the hoght. in any sloping profile, the superior portion of
the supported mass, cven although the loosest possible material sheuld be
uscd, will be made almost cntirely to divappear, and consequently its cffect
must be null, or nearly so, according to the circumstances beforc tahen
inte cousideration, in treating of the first case of revetments. (See page
551.) In the 20-inch sloping model, however, whose base was almost
equal to nine teuths of its beight, we found, by experiments tricd also
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After concluding our experiments with shingle, our next object
was to ascertain the effect, produced upon the same models, by
the pressure of common earth. On trying our sloping and ree-
tangular profiles, as counterscarp revetments, by backing them with
soil of a middling tenacity, consisting of sand mixed with clay, to’
the level of the top of each, we found that no increase or dimi-
nution of stability whatever was produced; for, at the small height
of 26 inches, the earth, although loosely thrown up, did not exert
any oblique or lateral pressure; but almost always stood perpen-
dicularly, in the form given to it by the back of these models, for
some time after the latter were overset by means of the scale and
weights. We were thercfore obliged to desist from making any
further experiments with common earth ; for, unless we had used
very unwieldy models of at least three or four times the height
above mentioned, in which case the earth would no doubt have
had a certain pressure, it appeared sufficiently evident, that ne

. »
useful conclusion could be expected.

We next tried the effect produced upon our models by back-
ing them with earth of the same quality, that has just heen
described, but well rammed, so that it became capable of stand-
ing perpendicularly, or even in an over-hanging form, for a per-
manency, and acquired a weight of about 99 Ibs. per eubic foot.
Great care was taken, in the experiments, now alluded to, that the
degree of temacity, communicated by the process of ramming,
should, in all cases, be as nearly equal as possible.

On trying the rectangular model, whose height was 26 inches,

under the circumstances represented in figures, C and D, that the upper
portion of the supported shingle still appeared to exert some degree of
weakening power upon the profile, butso exceedingly incousiderable, that
we could not reduce the results of our varions trials, which were in some
cases contradictory, to any satisfactory average conclusien.

eQ ¢
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and thickness 8 inches, as a counterscarp revetment, with rammed
earth, a3 shown in the annexed figure A, its average stability proved
to be 60lbs. ; and its original average stability without earth, being
47 Iba.; it follows, that the additional stability gained in this pro-
file, by reason of the rammed earth, may be estimated at 13 Ibs.

. 'The stability of the common sloping model, whose height
was 26 iuches, mean thickuess 8 inches, and slope }th, was 85 lbs.
without earth ; but on backing it with rammed earth, to represent a
counterscarp revetment, as shown in figuie B, its stability proved
to be 97 lbs.; so that the wcrease of stability, in this profile, pro-
duced by means of the rammed earth, appeared to be 12 lbs.

The stability of the countersloping model, whose height was 26
inches, mean thickness 8 inches, and slope 3, was 5 1 Ibs. without earth ;
but on backing it with rammed earth, to represent a counterscarp
revetment, as shown in figure C, its stability proved to be 1351 lbs.;
80 that the increase of stability, in this profile, produced by means
of ‘the rammed earth, appeared to be no less than 78 lbs.

s e
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The reason of the superiority of strength, which it was thus
proved by experiment, that the countersloping profile, C, possesses
over the rectangular and sloping profiles, A and B, of the same
beight and mean thickness, when they are all backed with earth of
a tenacious quality, will be sufliciently obvious, on considering the
sature of the movement, which must be performed by each of
these respective models, or supposed revetments, in falling. When
the countersloping model, C, for example, oversets, the heel of
it, g, describes an arc, g f, upon the center, a, which cuts inte the
mass of rammed earth bchind it, so that the full of the model
eannot be effected, without violently separating or tearing asunder
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a certain portion of the said mass, from the remainder of it; and
accordingly, it may easily be conceived, that the tenacity of the earth,
when considerable, must necessarily oppose a proportional resis-
tance to the supposed movement.* The increase of stability,
added to our countersloping model, in consequence of the above
resistance, may not unaptly be compared to the security, afforded
by good holding ground, to a ship at anchor.

With respect to the rectangular and sloping models, A and B,
on the contrary, it is evident, that when they fall, the heel of each,
b, describes an arc, b f, from the center, a, which does not cut
into the mass of carth behind, nor does any other part whatever of
these models cut into the said mass, in oversetting. Consequently
as no portion of the rammed earth is to be torn asunder, whilst
this movement takes place; it is evident, that the additional
stability, which appears by the experiments to have been gained
in profiles, A and B, when used as counterscarp revetments, must
be asciibed solely to the friction arising from the rough surfaces
of the back of cach model, and of the earth in contact with it,
being made to adhere together, in a certain degree, by the process
of ramming.

We further found, in using rammed earth, that whenever a berm
was left, equal to the thickuess at top of the model, no difference
whatever was produced in the stability of our profiles, by raising the
earth to any given height, above the supposed revetment. Thus,
for example, the stability of the rectangular profile, in the annexed

*® A similar effect must take place, to a certain degree, even in shiogle
or loose sand ; for, in the fall of any countersloping revetment, backed with
these matcrials, the heel of it must necessarily force upwards some portion
of the supported mass, the weight of which cannot fail to oppose a certain
resistance to the supposed movement. ‘This consideration accounts for the
additional stability eften communicated to this kind of profile, in our experi-
ments with shingle, in cases, in which we found, that the sloping model of
the same height and mean thickness lost stability, when backed with the
same material and under the same sircumstances.
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figure, D, proved te be, in all cases, precisely the same, whether
# wus backed with rammed earth to the height, a ¢, only, so as to
Tepresent & counterscarp revetment, or whether it was backed with
the stmme substance to any much greater height, such as b d.

In figure E, on the contrary, in which the earth is supposed to be
raised to a certain height above the top of the model, without any
berm, it will be evident, that if the model is overset in the usual
manner, the back of the top of it, o, will from the centre, m,
describe the arc, o i, cutting into the superincumbent triangular
mass of earth, n o f, so that a certain portion of this mass must
necessarily be separated from the remainder of the earth, during
the fall of the supposed revetment. Accordingly, we found, that
the stubility of the rectangular model, whose height was 26 inches
and thickness 8 iuches, was equal to 159 Ibs. when uscd as a par-
tial revetment for rammed earth without a berm, as shown in figure
E, although its original stability before the carth was applied to it
bad only been 47 lbs. We first tiied this experiment with the
earth raised to the height of 8 inches only, above the top of the
model, that is to say to the level of the point, f, and such was the
result obtained. On raising it afterwards to a much greater height,
such a8 r s, no increase of stability whatever was produced,
because after tearing off the greater part of the night angled
triangle, u o f, which the model usually decs in oversetting,* the

* Contrary to our cxpectations, we found that the back of the mass of
sammed earth, torn off by the top of any of our models, did, in gencral,
more ueatly correspond with the line, o f, than with the curve, o i.
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remainder of the mass of rammed earth behind and above the line,
o f, remained always perfectly firm and without action, no matter
how great the height of it might have been.

Having sufficiently ascertained the action of rammed earth upoh
our models, under the various circumstances that have been
described, we neat tried them with foundations of two inches of
rammed carth in front of them ; first, with the rammed earth in
rear also raised no lugher than € inches above the wooden plane
on which the models stood, in the mauner shown in the annexed
figures, I and G ; afterwards as revetments, in the manner shown
i figure H, with the rammed carth in rear, 1aised sometimes to the

N/ /
\—/(’\—‘"}\!/ Cor—i

- i
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Tevel, m n, to represent a counterscarp revetment, and sometimes
toa higher level, 0 p, to represent a partial scarp revetment without a
berm. The rammed earth, fornung the small foundations, was
secured in fiont, by applying sand-bags, as shown in the figures, to
prevent it from bemg forced forwards.

These small foundations gave great additional stability to all
ow models, not excepting cven the rectangular one represented
in figure G ; for when this model falls, it is evident, that the heel
of it, c, describes an arc, not from the pomnt, a, as a center, as
was the case in our former figures, in which the same pro-
file was concetned, but from the point, b, with the radius, bc,
which must necessarily cut into the mass of rammed earth, in
rear of it. Accordingly, we found, by experiment, that the rec-
tangular model, whose height was 26 inches and thickness 8 inches,
acquired an average stability of 85 lbs.in consequence of the two
inches of rammed earth being applied in front and rear of it, as
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shown in figure G, altlough its original average stability had
only been 47 Ibs.

The small model countersloping at one-fifth, whose beight was
26 inches, and mean thickness 4 inches, acquired a stability of
84Jbs.; by baving a foundation of two inches of rammed earth,

" as shown in figure F, although its oiiginal stability had only been
12§ lbs.

The medium countersloping model, of the same height and
counterslope, but whose mean thickness was G inches, acquired a
stability of 99 lbs. iu consequeuce of a sunilar foundation, although
its original stability had only been 29 lbs.

And the large countersloping model, of the same height and
counterslope as the former, but whose mean thickness was 8
inches, acquired a stability of 154 Ibs. in consequence of a similar
foundation, although its oniginal stability had only been 51 1bs.*

"Here it may be remarked, that the above experiments prove the
very great advantage, which walls, built upon soil of a tenacious
quality, must derive from having foundations of a certam depth,
With respect to offsets at the bottom of walls, it is sufficiently
obvious, that, by augmenting the base, they must proportionally
increase the stability of the masonry. o inclosing walls, such as
those of gentlemen’s parks, powder magazines, dochyards, &c.
the thickness of which, as compared with their height, is incon-
siderable, offsets on both sides aie of the most indispensable neces-
sity; and, in all cases, several successive small ones should be
used, in preference to two or three wider ones. In 1evetments,
properly so styled, offsets, near the foundation, may be omitted
with less prejudice to the strength of the profile; but still they are

® It is proper o observe, that in our previous experiments with shingle,
we also tried some of our models with and without foundations of two
inches of that material, but in using so loose a substanco, we found, that

these smali foundations made little or no difference as to the stability.
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uscful, whether allowed in front or in rear, as they ¢annot fail to’
increase the stabilitating power of the supported mass of earth.®"
To return to our experiments with rammed earth; our next
object was to ascertain the effect, produced by this material, upon”
revetments with counterforts. We first tried the common rectan-
gular counterforts which we had before used with shingle ; but we
soon found that our former mode of fastening them was, in this
case, insufficient; for the sides of the counterforts were so firhily
grasped by the earth, that they remained immovable, in an upright
position, whilst the supposed revetment, that Had been nailed to -
them, was torn down by the action of the scale and weights.
We, therefore, united the revetments and counterforts together
by iron bolts of a proper strength, after which we proceeded
with our experiments, without further difficulty.t+ Finding, in
the course of three experiments, that the model, in oversetting,
generally pulled down with it the whole of the three contiguous

® In fusmer parts of this chapter, in treating of the action of loose earth
upon a revetment, 1 judged it expedient, for the sake of clearness, to
leave the foundation ot the wall unnoticed, and therefore, in the various
explanatory figares (suck as that wn page 542) 1 estimated the lower portion,
a g fe¢, of the supported mass of earth, as being bounded in rear by a line
drawn from the back (a) of the base (a d) of the revetment. But it will bes
evident, that as the foundation also must bave its effect, the true position
of the boundary line of the lower portion ought to be in rear of ac, as
the said line should be drawn, not from the back of the base (a), but from
that point immediately below it, which represents the back of the foun-
dation. Hence, the stabilitating power of the supported earth of each
profile, commented upon in the text, is, in reality, greater than I have
there thought it expedient to suppose.

t It is proper to remark, that we were obliged also to increase the
strength of our ropes and pullies, and to suspend the latter<rom small gins,
or triangles, erected for the purpose, as the apparatus, before described,
broke down, under the greater weights, which it was necessary to use, in
our experiments with rammed earth. During the process of ramming,
strong temporary props were applied in front of all our models, to prevent
the force in rear from throwing them out of their proper position.
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masses of earth, bounded in rear by a vertical plane, supposed to
coincide with the back of our two counterforts, it appeared pro-
bable, that this effect, which, of course, must add greatly to the
otrength of a profile, in tenacious soil, might cither be much
Sucreased, or, at least, rendered more invariably certam, without
any possible risk of failwe, by constructing DOVEIAILED COUN-
TERFORTS, wider at the tail than at the root, the outline of the
plan of which is as follows :*

ARy

T accordingly caused some of our counterforts to be fitted up in
this manner. Part of them, which were 4 mches long, were made
53 inches wide at the tail, and 4} inches wide at the root, their
mean width being 5 inches: the 1emader, which were 6 wches
long, were made G inches wide at the tail, and 44 inches wide at
the root, their mean thickness being 54 inches - and the results
of the experiments, made with these dovetaled counterforts, in
rammed earth, answered our expectations, they proving generally

to communicate rather more stability to the profile thau the rec-
tangular oues, but not however in auy very great degree ; and the
results, indeed, being sometuncs rather contradictory, as will
afterwards be seen.

As it also appeared probable, that the great additional strength
which our profiles with counterforts appeared to derive, in con-
sequence of the cohesion of the rammed earth to the sides of the
counterforts, might be much lessencd, by using diminished coun-
terforts, like those of Vauban, instead of rectangular ones; we
Jastly tried diminished counterforts, exactly of the same dimensions
as the dovetailed ones, that have been described, but being of

* The dotted lines are added, to show the extent of those masses, which
axe tomn off from the remainder of the rammed earth, and adbere to the
revetment and counterforts, in falling.
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course reversed, or wider at the root than at the tail. But here
the result did not, by any means, agree with our previous ideas;
for the stability of this profile far exceeded our expectations, and
indeed fell very little short of the former kinds, that have Just
been noticed ; that is, generally speaking, for in some paiticular
trials, it exceeded them both, the results of ull our experiments
with rammed earth being much less regular than those that were
tried with shingle.

As an example of the effect of diminished counterforts ; on trying
the sloping model 206 iuches high, and having a mean thickness of
G inches, and a slope of one fitth, with two counterforts of the
above description attached to it, each G iuches long, 6 inches
wide at the root, and 4} inches wide at the tail, and placed at
central intervals of 18 inches apart, as shown in plan and section,
in the annexed figures; its stability, as a counterscarp revetment,
when backed with rammed earth, but without any foundation ia

Prax. SECTION,

front of it (See the section) proved tobe no less than S05 lbs,
although its original stalility had only been equal to 86 lbs.*
Now it will be obvious, on a little retlection, and indeed almost

* We tried many more experiments with dovetailed and diminished
counterforts, than actually appear in the following tables. I judged i§
useless (o insert the whole of them, as they could only create confusion,
for we found, that the difference of stability, between them and rectan.
gular counterforts, was in all cascs trifling, and indeed the resnlts often
proved contradictory, as was before stated in the text. 1 conceive that
the peculiar irregularity in the results of our experiments with remmed
earth, may be ascribed to its baving been difficult or rather impossible for
the men employed, to communicate an exaotly equal degree of tenacity tn
that substance, by ramming, in various trials,
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on a mere inspection of the figurcs, that the great additional stability,
communicated to the profile, which has just been described, in
comsequence of the rammed earth, must be ascribed solely, as in
a case before noticed, to the power of friction; or, in other words,
to the cohesion of the rough surfaces of the rammed carth, and
those of the supposed revetment and its counterforts, which come
in contact with each other: for it must be evident, that in the
falling of the model, as soon as the above cobiesion is overcome,
neither the revetment nor counterforts have to cut nto or tear
asunder any portion of the rammed carth whatsoever, but on the
contrary are immediatelv disengaged from it : and indeed, m all our
experiments with the diminished counterforts, after the models
were pulled down by the action of the scale and weights, the
mmmed earth was left standing, in the firmest mauner, with regular
grooves, where the counterforts had been, so as to rescmble a
perfect mould of the back of the woodwoik.

I before stated, that on trying the origimmal stability of our va-
rious models, before any shingle, &c. was applied in rear of
them, they were always observed to move, some time before they
actually overset. The same circumnstance also invariably occurred,
in trying their stability afterwards as revetments, when bached
with shingle or rammed earth, In our experiments without coun-
terforts, the weight which produced the first perceptible movement
in the slopiug and leaning models, generally vanied fiom gds to
sths, of the total oversetting weight, and in some cases it even
cousiderably exceeded the latter proportion;* whereas, in the
common countersloping models, used by us, which were plane in
rear, the weight necessary for producing the first perceptible move-
ment, varied from very little more than § to about {ds of the total
oversetting weight, very seldom indeed exceeding the last named
proportion. Having, however, afterwards, for the sake of expe-

"# It proved sometimes equal to 2 ths of the oversciting weight.
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riment, constructed some few countersloping models with offsets
in rear, we found, that in all of these, the weight, which was ne-
cessary for producing the first perceptible movement, bore fully
as great a proportion to the total oversetting weight as in any of
the other profiles; and we further found, that each of these coun-
tersloping modcls with offsets, required rather a greater weight to
overset it, when backed with rammed earth, than was necessary
for oversetting a plane countersloping. model of the same height
and mean thickness, under similar circumstances ; but that when
shingle way used, the total weight requisite for oversetting the two
kinds of countersloping models, that have just been mentioned,
proved, in all cases, to be nearly equal.  Fiom these facts, I con-
ceive, that the following inference may be drawn, namely, that
no countersloping profile should ever be built without well sized
offsets in rear, because although such offsets do not appear to add
much to the finul stability of the wall, as far as regards its come
plete downfal; yet it must be allowed, that they may tend very
materially to prevent it from muving in a perceptible degree : that
is to say, that they will pievent the masonry from bulging, over-
hanging, or otherwise losing its proper shape, which it is well
known that weak or badly constructed walls are apt to do, ever
when they may not eventually fall down.

Their general nature having already been explained by a few
examples, the various experiments made by us with rammed earth ¥

® The origival mean stability of the several models, before the mmmed
earth was applied to them, as given in Tables X1V and XV, is generally
such as was, when they were tried standing loose, as in the first seven
tables. As there is often a considerable difference in the original stability
of our various models, which may be ohserved by comparing the Tables
of Experiments, it is right to observe, that in all discordant cases, I con-
sider those trials, that are recorded in Tables VIII, IX, X, XI, XII,
and XI1I, in which battens were applied in front, as being by far the
most accurate ; for in conducting these, the slopes and other dimensions,
and even the weight of cachmodel, were carefully examined and cormectod,
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shall now be laid before the reader in the clearer and more conve-
nient form of tables. 1 shall only previously remark, that the
experiments tried with rammed earth, do not appear to me to
afford any just grounds for judging of the comparative stability
of various profiles ; because when the earth of a rampart 15 of so
very tenacious a nature, as to resemble that which was used by us
in the said experiments, it can, of course, have no tendency
whatever to oversct the revetment, let the form of the profile be
what it may; but on the contrary it must always communicate
some additional stability, by reason of the friction or cohesion
that was before treated of. 'The additional stability, thus commu-
nicated, cannot, however, be deemed of any real use to an actual
revetment, because it can never be brought to act in opposition to
any exterual force of an unfavourable nature, so that the advantage,
now under consideration, if such it can be called, is a very negative
one. For this, as well as for another no less important reason,
sfterwards explained, I have, therefore, paid no attention to the
_ peculiar experiments tried with rammed earth, in framing the rules
on revetments, that will be found in a subsequent part of this
chapter.®

when necessary, after every twoor three experiments.  Tlhus precantion had
been neglected in our other experiments, in which, therefore, although
all the models were very accurately made at first, I conccive, that by the
wearing of the woodwork of the base, or otherwise, they may in some
degree have lost their proper form, after a certain number of trials.

® Ris further to be observed, that the experiments with rammed carth
de not appear to aflord any satisfactory criterion for judging of the stabi-
1ity of actusl revetments, bached with earth of equal tenucity, because
on trying models exactly similar in other respecets, but of different magni-
tudes, their respective stability with rammed earth, bore no fixed propor-
tion, at different beights, to the original stability of the same models,
withoot easth. In the experiments with shingle, on the contrary, the re-
sults yielded by the largest and smallest models used, always nearly cor-
responded with cach other, whencver the profiles were similar, as will
afterwards be cxplained.
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It will be observed, on inspecting the tables contained in this
chapter, that some of our experiments, both with shingle and
ramwcd earth, were tried with a sct of larger models, 52 inches high.
These high models, had respectively a thickness or mean thickness,
either of 8 inches, 10% inches, 12 inches, or 18 inches, and weighed
from 728 to 1183 Ibs.; and conscquently being rather too unwieldy
to have answered for a general course of experiments, they were pro-
vided merely for the purposc of ascertaining, whether the results,
obtained hy means of sinall models, as to the comparative stability
of profiles of various descriptions, were likely to hold good, in
judging of the strength of similar profiles on a much larger scale:
and this important question appears to have been determined in
the affirmative.

For example, by experiment 11 (See Table 1.), it appears that the
small countersloping model for supporting shingle, whose height
1s 20 inches, mean thickness 4 incles, and counterslope one fifth,
has uo stability, but oversets as soon as the shingle is raised to the
level of the top of the <upposed revetment. In like manner it
appears by experiment 80 (See T'able 111.), that the high counter-
sloping model, exactly similar to the former, but double in height
and in mean thickness, has also no stability for supporting shingle,
as it falls in consequence of the pressure, as soon as the shingle is
raised to within onc inch of the top of the supposed revetment.

As a second example, it appears by experiment 12 ( See Table 1),
that the rectangular model, whose height is 26 inches, and its
mean thickness G inches, when backed with shingle so as to repre-
sent a counterscarp revetment, has a stability of 4} lbs. only. Andin
like manner it appears, by experiment 81 (See Table TIL.), that
the high rectangular model, which is exactly similar to the above
model, but double its height and thickness, when backed with
shingle so as to represent a counterscarp revetment, has a' stability
of 18 Ibs.; and thesc two results are nearly in the same proportion
to the original stability of their respective models, before any

VOL. II. R R
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shingle was applied to either of them. And on further comparing
"the several other experiments, made under various circumstances,
with the high models, and those made, under the same circum-
stances, with the corresponding low ones of a similar description,
as recorded in the tables, it will be found, thit they in general
decidedly tend to establish the same conclusion, although so very
close a coincidence will not always be remarked, as in those pai-
ticular instances, which I have just quoted.

In order, however, to ascertain still moie fully this very impor-
tant pomnt, 1 bad a much larger model made, than any that have vet
been noticed, the height of which was 104 inches, and 1ts mean thick-
ness 2977z inches, which is in the proportion of }3ths of the height.
This model weighed no less than 5363 1bs, and it requued to
be backed with quantitics of shinzle m proportion, much weater
than any we had before used, so that the simple apparatus, that
had sufficed in all our former experiments, was of course cutrely
inadequate.  Accordingly, before any use could be made of this
new model, we were under the necessity of fitting up a place on

purpose with strong timbers and planking

a, und the process of cach

individual trial became exceedingly laborious.®* Ou compaiing the
results of the experiments, tried with this very large model, and
those that had been previously tried with the conesponding low
model, whose height was 26 inches, and mean thickness 71} mches,
we found, that they also agieed so far, as to warrant us in diawing
from them the same general inference, that has already been stated ;
and from the very great scale of the experiments, now alluded to,
they will no doubt be aliowed to be peculiatly decisive.

Upon the whole, therefore, I conceive, that the course of experi-
ments, tried with our small models of 24 inches in height, and of

»
*® This very large model, and the apparatus necessary for using it, were
prepared, and all the experiments made with it were condacted, by Lieut,
H. P. Bruyeres of the Royal Enginccrs,
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vanous mean thicknesses and slopes, may be applied with confidence,
to determine the proper proportions of any other solid bodies, of a
much greater height, such as 1evetments of masoury, iutended to

resist the pressure-of Joose carth. ¥

1t i3 to be remarked, that excepting in fortresses, founded on loose
sand or shingle, which situations seldom occur, the ramparts and para-
pets are usually formed of sl of a ceitam tenacity, which is either
actually rammed, or at least very nearly the same effect iy prodnced,
i the process of the work, by the constant passage of carte,and wheel-
barrows, comvering matenals.  Hence, in most cases, the revet-
ments of a fortress have vay hittle pressuie upon them, of such a
natme as can tend to overset them, smee they are almost always
bached with tenacious earth, the cohesion of which, particulaily if
counterforts are used, must, on the contiaiy, add a vast stability
to the masomy.  But it is by no means prudent to calculate upon
a continuance of this state of things, in regulating the profiles of
a fortress 5 for the tenacity of the suppoited earth of a rampart, &c.
however great it may onginally have been, is always liable to be
deranged by the cffcets of rainand fiost; so that large masses of
carth, which at first may not have acted upon the masonry, except-
mg in the favowable mode that was before alluded to, may sud-
denly Le brought to piess upon it with considerable force,
and with a decided tendency to overthrow it. Some particular
kinds of soil, also, such as clay for example, are known to
swell or inciease in magnitude, after imbibing a certain quantity of

moisture; and when this happens, it is evident, that they must

* It is to e observed m favour of the safety of the conclusions, that
are to be drawn from our experiments, that our models were all rather
highter than the shingle, and considerably lighter than the rammed ecarth,
which was applied to them; whereas it is well known that the specific
gravity of the masonry of 1evctinents is generally greater than that of the

supported earth.
R R Q
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exert a great lateral thrust, unfavourable to stability. Under these
considerations, it may, consequently, be allowed to be advisable,
at least in northern climates, to give to all revetments, even in the
stiffest kinds of earth, the same degree of strength that would be
. mecessary, if the soil to be supported consisted of very loose saud or
shingle. The rules therefore, which are about to be laid down, in
regard to the proper dimensions-of revetments of diffcrent descrip~
tions, have been deduced entirely from the experiments contained
in those tables, that relate to shingle only.

RuLe 1. In recetments of equal height, and meun thickness,
the strength of each is in proportion to its slope; the rectangu-
lar profile, which hus no slopes, being the weakest.

REMARK.

This is proved by our first course of experiments with shingle,
contained in the first seven tables of this chapter, in which the
countersloping, sloping, or leaniug profile of §th, has always an iuter-
mediate degree of stability, being weaker than the countersloping,
sloping, or leaning profile of ith, but stronger than the rectangular
profile of the same height and cubic conteuts.

Ruie I1. Of all sloping revetments of equal height und mean
thickness, that can be wused, the countersloping profile is the most
suitable for works of furtification.

REMARK.

By the expermments with shingle in general, as recorded in the
various tables, it appears that in profiles without counterforts,
whose mean thickness is equal to 3]ths of the height or upwaids,
the countersloping profile exceeds all others of equal height and
mean thickness in stability : but in less substantial profiles, that is
to say, in such, whose mean thickness is not greater than }th of the
beight, the countersloping profilc is weaker than either the corres-
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ponding sloping, or lcaning profile.* The difference, however,
1s not so cousiderable, as to counterbalance a peculiar and most
important advantage of the former construction, which shall now
be stated. This consists in the perpendicularity of the exterior
surfacc of the countersloping profile, which renders it much more
durable than any of the other sloping forms; for it is evident, that
the counterslope of the first-named profile, upon which its strength
depends, may be laid out in any proportion, judged necessary without
prejudice to the masonry. In the leaning and common sloping pro-

* Besides the peculiar profiles, that have been noticed in the text, a
resetment may be built with double slopes, that is to say, with an exterior
slope m tront, and a counterslope in rcn. It this construction were used,
as for example, it a revetment of a given height and mean thickness had
an extcnior slope of one tenth, and a counterslope of one tenth, tho
increase of thickness &t the base bemg consequently equal to one fifth of the
height ; its stability would probably, under any given circumstances, be very
neaily in a mean propertion betwecn that of the sloping and countersloping
profiles of the same height and mcan thickness, whose slopes were in the
proportion of one fitth of the height.  But il the slope and counterslope of a
doubly-sloping 1evetment were unequal, as for example, if its slope were
-equal to unce tnrtieth, and its counterslope equal to one sixth of the height,
its stability wonld stll be in some intermediate proportion between that
of the common revetment sloping at one §ifth, and of the countersloping
revetment, having a countersiope of one fifth, the said proportion (}th) being
equal to the sum of the slope and counterslope (ggth + §th) of the doubly
sloping revetment added together.

From these considerations, it may be allowed, that there can be ne
doubt of the compound profile, which has just been described, possessing
considerable stability. If thercfore any Engineer, in plauning a fortress,
should wish to adopt the countersloping profile for his revetments, and yet
should not choose to have them quite perpendicular in front ; he may give
them an exterior slope of ;;th, and a countersiope of 3 3ths of the height,
which in a scarp revetment of tinrty feet will allow 6 inches for the base
of the former, and 5 fect 6 inches for that of the Iatter; so that the total
gain of thickness of masonry at bottom will be cqual to §th of the
height. I conccive, that there would be little or no diffcrence, in point of
streng(h, between a profile of the above construction, and a perfect coun-
tersloping revetment of the same height and mean thickness.
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files, on the contrary, if their slopes arc small, their stiength
will not greatly exceed that of the rectangulur, which has
been proved to be the weakest of all profiles. 1t on the other
hand, with a view to avoid this esil, that necessary degree of
slope, which is essential to steength, should be given to then;
then they wil be exposed to the destiuctive eflects of rain,
frost, and vegetation, which by lodging w, and acting upon, the
joints of the masonry, will in process ot tine eutirely destroy the
cohesion of the moitar, and ruin the extetior surface of the
wall.

Having thus stateda property of the countersloping profile, which,
1 conceive, 1enders ity upon the whole, by tur the most suitable
for the scarp and counterscarp revetments of forhesses, or of
other works, 1 which the cxternal surface of the masomy 1s
exposed to tlie action of air and weather, only ; I shall remark,
that in all retaining walls, such as those of whaifs, wet dochs, Xe,,
in which the greater part of the masonry is generally under water,
there will be little or no diffrence, in point of durability, whether
the exterior suiface 1s vertical or sloping, as the action of the
water will be equal in both cases. Consequently in works of this last-
mentioned description, particalmly of building matcnals e very
expensive, the countersloping profile may be rejected, and the leaning
profile chosen in preference; because om experiments with shingle
Pprove, that, in revetments backed with loose soil, the mean thick-
ness of masonry of the countersloping profile cannot with propricty
be reduced so low, as may be done with safity, eithey in the lean-
ing or common sloping revetment.

Rure III. No revetment should ever be budll without counter-
forts; and yet, in determining the dimensions of any profile, the
thickness or mean thickness of the revelment should be such,
that, even if deprived of als counterforls, it would have some
stability.
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REMARK.

To enlarge upon the great utility of counterforts, after what
was hefore said, will be superfluous, particulaily as a reference to
the various experiments will show their utility in the strongest
light.  T'or example, by experiment 44 (See Table 11.), it appears
that the rectangular model, 26 inches high and 8 inches thick,
when used as a partial revetment without a berm, had so very
little stability that it fell of itself after the shingle was raised about
24 inches above the top of it; whercas by experiment 127 (See
Table V), it also appears, that the rectangular model of the same
height, whose thickness was ouly 6 inches, was so much strength-
ened by the addition of counterforts, equal in cubic contents to one
fowth of the suppo i revetment, that when loaded with shingle
under the same circumstances to the height of 60 inches above the
top of it, it acquired a stabality of 70 lbs., which was considerably
greater than its original stability, before any shingle was applied.
Now the cubic contents and weight of the 8-inch model, are
areater than those of the G-inch model and of its counterforts
added together 5 and vet, as it has just been shown, the former is
much the weakest; fiom whence it follows, that of two profiles of
revetments, both of the same height, and containing the same
quantity of masomy, and consequently built at equal expensc, but of
which the one has counteiforts, and the other none, the masonry of
the first may be exccedingly strong, whilst that of the second,
having little stability, will fall down, as soon as it is backed with
loose earth to a certain height.

Notwithstanding, however, the great additional strength, which
is undoubtedly to be derived from the use of counterforts, it would,
by no means, be piudent, in trusting to them, to diminish the
quantity of masonry, in any revetment, beyond a certain limit.
For it is to be observed, that masonry seldom becomes united into
one homogencous mass, like rock, until aftcr the lapse of 3 great
number of years; and not even then, unless the mortar is of a
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peculiarly good quality, which, in all countries and under all
circumstances, is not to be expected.  Consequently, in building
walls with counterforts, for any given profile, that kind of revet-
ment should certainly not be adopted, which if deprived of its
counterforts, would have little or no stability; because although
the profile might be sufficicntly strong, provided that the whole
mass adhered togcther, it iy possible, that the pressume of loose
earth might, under the circumstances supposed, overcome the
cohesion of the masowry, and foice it asunder i vanous places,
in such a manoer, as to throw down the greatest part of the revet-
ment, leaving the counterforts, and the lower paits of the wall,
standing. *

RuLe IV. Counterforts should be rectangulur: thewr length
should not be greater than the meun thichness of” masonry of the
revetment ; and their clear intervals should not ciceed from tao
to three times the said mean thickness.  Their width should not
be greater than one fourth of their central interials.

REMARRK.

With respect to the best form for counterfoits, the general result
of our experiments with rammed earth, scemed to prove, that in
soil of a very tenacious quality, the diminished counterfort is rather
weaker than the rectangular, and that the latter 1s a little weaker than
the dove-tailed kind: but as the difference is very trifling, and as,

* Under what circumstances, a wall of given dimensions way be toin
from its counterforts and foundation, by a pressure of earth, must remaiu
doubtful, until expertments are tried with actual revetments, on a suffi-
ciently large scale. But it is to be remarked, that the mean thickness and
other dimensions, which onght to be given 1o any revetment, in order to
enable it to resist a certain pressure of loose earth, without the assistance
of counterforts, may be dctermined with sufficient accuracy, by means of
onr experiments with shingle.
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from some experiments with shiugle, before alluded to, but not
entered in any of the tables, we found, that in loose soil, there was
litde or no difference of stability betw een the various forins that have
been enumerated, I am of opinion, that the rectangular counterfort,
as being the simplest and easiest of construction, ought to have
the preference.

It was explained in the foregoing chapter (See pages 518, 514,
and 315), that not only the dimensions of counteiforts, but also
their intenvals, may admit of great variety, without making any
difference whatever, in the quantity of masonry used in the con-
struction of them.  But the cffect of counterforts, in strengthening
a 1evetment, may, with propriety, be compared to that of the
beams, which suppoit the superstructure of a wooden bridge,
Although these beams should, 1 themselves, be more than suffi-
cient to sustain a much greater weight, than any that is likely
to pass over the bridge, if it could be applied to them individually ;
vet if they are placed at too great intervals apart, this excess
of strength will be of no avail, for the planks above them may
give way, and the bridge will be rendered impassable. In like
manner, 1If counterforts are built too distant fromn each other,
the intcunediate portions of the revetment may not derive
the necesswy aid fiom them.  Some limit should therefore be
assigned to the clear intervals of any system of counterforts, which
ought not to be cxceeded in practice ; and probably that, which
has been laid down, in the rule jusy stated, may appear a proper
maximum.

When thie advantages of two kinds of counterforts, both equal in
quantity of masonry, and placed at equal central intervals apart, but
of different lengths, are taken into consideration, it will appear,
that long and narrow ones will be much more favourable to
stability, than shorter and wider oucs ; winlst, on the other hand, the
latter will unite better with the body of a revetment, and will be
less likely to be separated from it, by auny extraordinary pressure of
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loose earth, than the former. The lengtl, therefore, of counterforts
ought to have its limits; and our experiments hase proved, that
even when the proportional mean thickness of our models, as
compared with their height, was less than would be advisable for
actual revetments, the dimensions lamid down in our present rule
for the proportional length and width of counterfanty yielded more
than sufficient strength. 1 have therefore given these dunensions
as a maximum, that ought not to be exceeded; but they may be
reduced in a certain degree, without inconvenience.*

Ruic V. The dimensions proper for Full Scarp revetments,
without berms, aud for Demirevetments, or for Partial Scarp re-
vetments, having berms equal in width to onc fourth of the heisht
of masonry or upwards, are as follows.

BMake your profile counterstoping, with a counterslope of one
Jifth, and a mean thickness equal to scventeen sixtwths of the
height, and give it counterforts, equal in length to une nfth of the
height, plecing them at central intervals of four times their width
apart,

REMARK.

Experiments 402, 403, 404, and 403, in Table XIII, prove,
that a revetment countersloping at onc fifth, having a mean thickness
of one fourth of the height ouly, whichis considerably less than I
bave recommended in the above rule, but having counterforts of
the proportions therein preseribed, is sufliciently strong cither for
a demirevetmcent, or partial scarp revetment, for supporting loose
carth to any required height ; and experiments 250, 281, and 252, in
Table X, prove, that a profile of the proportious faid down in this rule

® The counterforts, used by the civil engincers in this country, for wharf
walls, &c.. have generally been built square, and at central intervals of
eightcen feet apait; their length varying from about onc balf to two thirds
of the thichness, or mean thickness, of the revetment.
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would have considerable strength as a demirevetment or partial scarp
1evetment, with a berm, even 1f it were entirely deprived of its counter-
forts.  The same inferences are to be drawn from the experinients
tiicd with the higher models, as will be scen by referring to the tables,
so that upon the whole, I conceive, that there can be no doubt of the
stability of the profile now suggested. On comparing the above, when
used as a full scarp revetment, with Vauban's geueral profile, it will
be found that in revetments 30 fect high, there isa very sinall saving of
mason s by adopting the former profile ; but inievetments lower than
the above height, the saving is more considerable : whilst, on the
contiary, Vaubau's profile 1s the most cconomical, if the height of
the 1evetment exceeds 85 feet ; but this 1s seldom or never necessary
in mihtary works s so that, generally speaking, the profile, above
recommended by me, must be allowed to be the least expensive of

the two*

Rurc VI. The dimensions proper for Demirevetments and for
Partial Scarp revetments, without berms, are as follows.

Malke your propile countersloping, with a counterslope of one
Jfth, and a mean thickness equal to three tenths of its height, and
give at counterforts, equal in length to one fifth of the height,
placing them at central intercals of four times their width apart.

REMARK.

OF the strength of a revetment and counterforts of the propor-
tions now 1ccommended, there can be no doubt, since various
esperiments, contanied in the tables, prove, that by aid of such
countetforts, or even smaller ones, much weaker countersloping
revetments, than the above, are capable of supporting loose carth

* In order to judge between the two profiles, compare Table I, Chapter
XX1v, page 502, in which Vauban's geneial profile for full scarp revet-:
ments iy analyzed, with Table A, afterwards given in page €28.
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raised to any given height above them, whether with or without a
‘berm.  But as the tenour of our experiments proves, that if
deprived of counterforts, the countersloping profile, when used as
a partial scarp revetment, is generally weaker without a berm, than
with one, excepting when the mean thickness is greater than
seventeen siztieths of its height; I bave for this reason judged it
prudent, to make the revetment somewhat more substantial, in the
present rule, than in my former one, although to some readery the
precaution may probably appear superfluous.

In order to compare this profile with Vauban's, we shall fust
suppose that a partial scarp revetment is to be built, 30 feet lngh, and
that there is to be a height of 15 feet of earthen scarp over it, exclusine
of the parapet. By Vauban’s rule, as statcd in page 523, the thickness
at top of such a revetment ought to be 8 feet 4 inches, and its thickness
at bottom ought to be 14 fcet 4 mches, the mcan being 11 feet 4
inches: to which ought to be added counteiforts 11 feet long, having
a mean thickness of 5 feet 5 inches, and placed at intervals of 15 feet
apart. Consequently it will be found by calculation, that a revet-
ment and counterforts, so proportioned, will be equal in quantity of
masonry to a wall 30 feet high, having a mean thickness of 15 fect
S§ inches: whilst the partial scarp revetment and counterfoits,
recommended by me, will be equal in quauntity of masonry to
a wall of the same height, but haviug a mean thickness of 10
feet 6 inches only. Thus by adopting a partial scarp revetment
of the dimensions prescribed in my preseut rule, in preference
to Vauban’s, there will be a saving of nearly oue thud i the
quantity of masoury.

Again, if we suppose that ascarp of 40 fect in total height,
exclusive of the parapet, is to be rctained by a demirevetment of
20 feet; Vaubau’s rule, countcrforts included, will requirc a
quantity of masonry, such as would build a wall 20 feet high
and 14 feet 8 inches thick : whilst the rule, above laid down by me,
u.quires a quantity of masonry equal to a wall of the same height



RULES ON REVETMENTS. 621.

that has been specified, but only 7 feet thick ; so that by adopting the
latter profile, in preference to Vauban’s, under the circumstances
now supposed, there will be a saving of masoury of more than
one half.*

Ruvk VIL. The dimensions proper for Counterscarp revetments,
Gorge revetments, or others, intended to retain simple terrepleins
only, mithout parapets, are as follows.

Make your profile countersloping, with a counterslope of one
JSifth, and a mean thickness equal to one fourth of the height, and
give it counterforts equal to one sixth of the height, placing thews
at central intervals of four times their width apart.

REMARK.

The propriety of this rule is sufficiently proved by experiment 280,
in Table 1X, and expeniment 401, in Table XIII, the former of
which shows, thata counterscarp revetment of the dimensions herein
prescribed would have considerable stability, even if deprived of
its counterforts; whilst the latter proves, that by the addition of
these, it becomes an exceedingly strong profile. The same inference,
as to the sufficiency of the profile now recommended, is to be
drawn from various other experiments, which I forbear to mention,
as they will be secn by referring to the tables.

Rure VIIL. Although the dimensions of Scarp and Counter-
scarp revetments, found by the three preceding rules,are strong enough

* The reader will clearly understand, that in drawing these comparisons,
1 do not pretend to say, that the countersloping profile, recommended by
me for scarp revctments and demirevetments, is actually stronger than a
common sloping profile of the same dimensions would be. As far as
vegards stability, the crror lies, therefore, not in the slope or form of Vau-
ban’s profile, but in the great waste and superfluity of strength, given by
him to his partial revetments, owing to his having reasoned upon false
hotions 33 to the nature of the pressure of loose carth. .
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Jor resisting any common pressure of earth, that us likely to act
mpon them, yet it will be udvisable, in low pronles, to make sume
addition to the thickness of masonry, for the sale of durability :
And the same precaution !l also be proper, in profiles of every
description, when the foundations are bad, or when the soil to he
vetained is of an uncertain qualidy, likely to vary, from time to
time, belween a state of d:yncss and humidity.

REMARK.

It will be obvious, that the durability of masomy, paticulaly
10 northern chimates, must in a great measme depend upon its
actual mass. For example, a revetiment, 5 feet thich, will certainly
be much more durable, than another which is only 2 fect thick,
although considering them mercly as retaining walls, their com-
parative strength, as opposed to a certain pressure of carth, acting
upon them, may, in each, have originally been equal. Under
this consideration, the first part of the rule, which has just been
laid down, appeared expedient.

Ruere IX. In revetments, intended to retuin soil of any
tenacity, thosc parts of the masonry, w hich are to come 1n contact
with the supported earth, should be built rough or irreguiurly,
with the stones or bricks occasionally projecting a Little.

REMARA.

As the propricty of this 1ule is sufficiently proved by the experi-

ments with rammed carth, which show the advantages, aising
from the kind of fiiction or cohesion, that the mode of construc-
tion, now recommenrud, must evidently tend to increase; I shall
.only observe, that, in countersloping profiles, the offsets in rear,
which are always advisable, will produce the desired effect, as far
as regards the back of the sevetment, and the tail of cach counter-
fort, without the necessity of attempting any other incgularity iu
this portion of the work.



RULES ON REVETMENTS. 623

Rure N. It iy, in all cases, advantageous, but, in unfavoura-
ble soil, absolutely necessary, to lay out the foundations of revet-
ments according to an tnclined plane, a little deeper in rear than
in front.

REVARK.

As this rule applies most particularly to unfavourable founda-
tions, which are specially treated of in the fullowing chapter, the
reason of it will there be explained. When the base of the masonry
15 considerable, it will generally be more convenient, and at the
same tme equally serviceable, to lay out the front part of the
foundation, ouly, according to an inclined plane of the above
description, making the remainder of it, towards the rear, horizon-
tal, or nearly so.

Runr XI. The eaterior joints of the masonry of military re-

vetments should alaays be horizontal.
REVIARK.

The mode of construction, now suggested, is scarcely ever prac-
tived with walls having au exterior slope, because it would lead to a
waste of materials, i building with stone, and would be very
iconvenient, in using brick<. The joints of common sloping, or
of leaning revetments have, therefore, been alinost always laid
out according to an inclined plane, perpendicular to the exterior
slope; and thus the rain water falling on the external surface, is
enabled to lodge itsclf, and peuetrate into the body of the masonry,
with greater easc, than 1t the jowts were horizontal.  As compared
with the above profiles, the countersloping revctment has there-
fore a great advantage; namcly, that the best and most proper
mode, of laying the exterior cowses of the masonry, is also the
most convenient in practice. *

* Ithas been remarked, in various parts of the contincut, that perpendicu-
lar towers, and walls of considerable antiquity, constructed cither by the



624 ELEMENTARY FORTIFICATION. cuar.xxv.

Rure XII. When a revetment is backed with solid rock for
about one fourth or one third of its heizht, and from thence
upwards with loose earth, the lower part of the masonry must be
united to the rock, by short counterforts and projections; which
being done, its thickness may be diminished to much less than the
usual dimensious allotted to profiles of that height : but as far as
regards the remainder of the revetment, it must huve the sume
mean thickness, and counterforts of the same proportions, as if
there were no rock behind any part of it, care being tuken, not
by any means to make the upper part of the masonry weaker, but
on the contrary, rather stronger, on account of the rock.

REMARK.

The case now supposed is one, which is often likely to occur
in practicc ; and at the same time it is one, in which, of all others,
failure is most likely to ensue, if crroneous principles aic acted
upon. I therefore judged it best to be explicit as to this particular
case, although the propricty of adupting the precautions recom-
mended might pethaps have been sufficiently inferred, from a care-

ancient Romans, or in the feudal ages, are in a good state of preservation,
whilst the exterior surface of the masonry, in the revetments of modern
fortresses, built by Vauban and others, on the samc spot, and apparently
with materials of the same quality, has gonc entirely to decay. In the Citadel
of Antwerp, I obscrved that scarcely any of the cut stone, with which the
revetments had originally been coated, remained in a serviceable state,
A few years ago, it was found nccessary to new face a considerable part
of the revetments of Portsmounth. Such are the disadvantages attending
exterior slopes, especially when the joints of the masonry arc not horizontal.
“ In the refaining walls of wharfs, harbours, or wet docks, which are often
under water for a considerable part of their height, it will be cvident, fora
reason before stated, that the form of the exterior surface, and the direction
of the joints, are of Jess importance, particularly as water-proof cement either
is or ought to be used in such works, which, as being too expensive, it is not
common to employ in military revetments, or other buildings, exposed to
the eflects of weather only.
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ful perusal of the foregoing parts of this chapter, without my
having intioduced a special rule on the subject.  For it must
be evident, thataf the lower part of a revetiment 15 hacked with
tock, but no means are taken to unite them together, there
will be no pressure whatever upon the base of the wall; so that
the pressuie of loose carth, which acts upon the upper part of the
masonry, with a tendency to overset the revetment, not being at all
counteracted, as in a common profile, by any pressure or force
favourable to stability, will have a much greater power of effecting
the fall of the revetment, thau if the masonry were entirely backed
with loose eaith from the bottom upwirds.  Hence a revetment
partially backed with 10ck, will be much weaker on that account
than a common revetment, if the precautions recommended m the
above rule are neslected. But if these are adopted, m the execution
of the work, the lower part of the masonry will be so firmly united
to the rock, that it will be impossible for the pressure of loose earth
acting upon the upper part of it to overset the revetment,
without breakhing the wall to pieces, which will also be impos-
sible, if those paits of the revetment and counterforts, which are
above the level of the rock, have the dimensions recommended in
the rule now under discussion.

By way of further illustration, I shall state some experiments
which fully prove the truth of what has just been advanced.

1st. We took the 8-iuch rectangular mnodel, 26 nches high,
and backed it with a mass of shingle, a b m n, pressing upon the
whole of the back of it, from

. M= ]Il
the bottom upwards, and raised &
. RN &~ 14
to the height of GO inches over ;‘! -
. . a0t a_
the top of it, as shown n the A v
first of the annexed figures, e 'i,
R ' |. ’1“' ;/'
$0 as to represent a partial b J e
. - - P e, S
scarprevetment, havingaberm ' a

equal to the thickness of masonry.  On trying the average stability
vor. 1. s s
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of our profile, under the above circumstances, it proved to be
equal to 12} lbs.

2dly. By means of an oblique board, e c, united at bottom
to the top, c, of a small vertical board $ inches high, supposed to
be placed close to the back of the same model, in the position,a c,
as shown in the second of the above figures, we were enabled to
apply a mass of shingle, ¢ b d e, 50 as to press on the upper part,
c b, only of the back of the supposed revetment, there being no
pressure whatever on the lower part, a ¢, of the back of it. It
will be evident, that, under the circumstances stated, the model 1s,
m this figure, exactly in the same predicament, as a revetment backed
with rock for about one third of its height, measuring fiom the
base, and from thence upwards with loose earth; and the result of
our experiments proved that it was much weaher in this cave, than
in the former, for it had no stability whatever, but fell of itsclf
by the pressure of the smaller mass of shmgle, ¢ b d ¢, with-
out using the scale or weights, as soon as that loose material was
raised to a level, d ¢, only 17 inches hizher thun the top, b, of.the
model. Thus, in this case, the quantits of shingle represented by
the trapezoid, ¢ b d e, which overset the model, was only equal to
about one fourth of the quautity of shingle, represented by the
greater trapezoid, a b m n, in the first figure, which proved inca-
pable of oversetting it.

Sdly. In like manuer, on trying the G-inch rectangular model,
also 26 inches hich, 1 the manner represented in the first of the
two following figuics, it fell of itself by the mass of shingle,abhi,
as soon as that loose material was raised to a levd, hi, 36 inches
higher than the top, b, of

1 - e
the supposed revetment, ‘-"-‘;;/ 1 €
the supported mass be- / s
.. . L~ / 4 r
ing in this case allowed " e e,
to act upon the whole of '}~ ) [1__
the back of the model. v a

4thly. But on applying shingle to the same G-inch model, in the
manner 1cpresented in the second figuie, so as to press upon the
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upper part, ¢ d, of the back of the model ouly, there being no
pressure whatever upon the lower part of it, a ¢, for the height of
§ nches from the base upwards; the supposed revetnient fell of
itself under the pressure of the much smaller triangular mass of
shingle, ¢ d f, as soon as that material was raised to the level of
the top of the model.  Thus the quanuty of shingle, which proved
capable of oversetting the modecl, under the circumstances of our
Pre<ent case, was only equal to about one eighth part, of what had
been found necessary for oversetting at, under the circumstances of
our former case. Like results were mvanably obtained by experi-
ments tried with sevaal of our other models, under similar circum-
stances, which it would be <upeifluous to mention *

For the conveniency of the reader, I shall now insert three new
tables of revetments, marhed, A, B, and C, which have been cal-
culated according to the fitth, sixth, aud seventh of the foregoing
rules. The tust apphes to full «carp revetments, without berms, and
to partial scarp revctments or demirevetments, having berms equal
in width to one fourth of the height of masonry or upwards: the
sccond applics to demirevetments or to partial scarp revetments
without berms: the thud applies to counterscar p or gorge revetments.

* In the exccution of the new Dock works at Plymouth, which were com-
menced abont seven years ago, the searp revetment was, 1n several places,
backed with slate 1ock, for a considerable portion of 1ts height upwards,
the upper part of the masonry only bemg exposed to a pressure of loose
rubbish.  Contrary to the general expectation, it was obserycd that the parti-
cular parts of the revetment, now alluded to, seemed less capable of re-
sisting this partial presswe, than the other parts of the same revetment,
that were exposed to a general pressure of loose rubbish.  Consequently,
it was soon found necessary to abandon the idea, which had at first been
suggested, of dispensing with counterforts, in those pecubiar portions of the
revetment, that were backed with rock towards the bottom. I avail myself
of this picce of information, wlhich was communicated to e by an
Engineer Officer, employed at Plymouth at the time the remark was
made, as a practical confirmation of the truth of the principles of revotments,
deduced by me from my experiments with shingle. 1 was not aware, that such
& circumstance had occurrced, until the first sheets of this chapter were

actually sent to press.
ss?Q
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Tu using the above tables, the precautions, given in the eighth
and ninth rules, should be hpt in mind, and attended to, where-
ever it appears necessary ; and 10 building with buick-work, if th.e
dimcusion, laid down, involves any auhward fraction of a brick,*
it ought to be rejected, and some other dimension, as nearly equal
to it ax possible, but free from that inconvenience, may be adopted

* "The size of bricks varies in different countries.  The bricks commonly
used i England, are about 9 inches long, 4} inches wide, and 2% inches
thick.  Consequently, a 17-brick wall imphes one that is about 14 inches
thick. a 2-brick wall implies one that 1s about 18 inches thick, a 2L-brick
wallimphes one that i about 23 inches thick, &e. &e.

W hen the mortar 1s not apphied too thick, 29 courses of bricks occupy
about 7 leetan the haght of o wall; and consequently about 425 bricks are
required to buld one cubie yud of brsck-work, by wineh proportion the
quantity ot bnicks necessary for compleung the scarp revetments of a
fortress may easily be caleulated.

For example, if we suppose a forfress to be a regular decagon, having
exterion sides ot 384 vards, faces of 110 yards, and perpendiculars of 64
vards: the length of one tront will be equal to 482°6 yards, as appears by
referning to the st table, given m Chapter X' VI ( See page 324 ). and there-
fore, as there are ten fionts, the total length of the scarp revetments of the
main iclosare will be cqual 1o 4826 x 10=4826 runming yards. But if we
further suppose these 1evetments to be 30 feet ngh, and constructed
according t@ the tifth rule given in our present chapter, each running yard of
profile will contain 334 cubie yards of brick-work, as may be scen without
the trouble of calculation, by referring to Table A. The numbers 4826,
and 33§, must therctore be multiphed together, and the product, 160,8665,
will give the total number of cubie vards of brick-work required for the
whole of the main mclosure of the supposed fortress. The result, thus
abtamed, must lastly be muluplied by 425, the number of bricks necessary
for building one cubic yard, and the product 08,368,383 will show very
ncarly the number of bricks, which ought to be provided for building the
scarp revetment aud counterforts of the body of the place of the supposed
decagon, according (o the new profile suggested in this chapter.  The
above serves as a second specimen of the great facility, wherewith a rough
estimate of the quantity of masonry, requited for reveting a fortress of a
given extent, may be drawn up, by means of the various tables contained
in ths book.
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instead ; as is always donc, in civil works, in determining the
dimensions of walls of inconsiderable thickuness, such as thowe ot
dwelling houscs, garden walls, &c., in which a half brick is the
smallest fraction allowed.

CIHAP. XXVIL

THE SAME SUBJECT CONTINUED.—IN WHAT MANNLR
THE PRESSURE OF EARTU UPON REVETMENTS MAY
BE DIMINISHED, BY BREARING ITS CONTINUITY —
OF COUNTERARCHED REVETMENTS. CONCAVE KE-
VETMENTS, AND CURVED LEANING REVEIMENS, —
THAT THE SMALL INTERIOR REVLIMENTS OF PARA-
PETS MAY SOMELTIMES BE DISPENSED WITHI.

From the expeiiments, recorded in the preceding chapter, it
must appear sufticientiv evident, that the nature of the action of
the pressure of loose earth upon revetments has hitherto been
generally misunderstood, and almost always gicatly ovenuted *

® It is proper to observe. that having beew httle employed iy the con-
struction of permanent works, I never had ceeaston to turn my mind much
to the subject of revetments: and my object, m undertahing ®he present
volume, was, rather to lay down, in a clear manner, roch of the Ele-
mentary Principles of Fortification, as were generally 1eevived, than to
attempt auy new dixcoveries of my own.  Chapter Ax1v was arcordingls
written by me, ax a statement of the doctrines, regarding the pressure (;l
earth, &c., generally held by former writers upon this subjeet, It was
begun without any suspicion of the fallacy of these doctines; bat whea
finished, 1 found the result, puticularly as far as rexarded partial revet-
ments, of s0 very nusatisfactory a nature, thatat gave nise to doubts in my
mind 7 and T was induced 1o suspend the further proseeution of ‘my h(mi.
altogether, until 1 had tried the experiments, described in Chap, xxv, which
have enabled me to lay down a very difleient theory of revetments, fumded
upon new principles.

Just as T had completed this last-mentioned chapter, T reccived fiom
Patis a book that I had sent for upon the «ume subjeet (ctitled,  Traige
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Accordingly, various precautions have been recommended, and
often adopted, in practice, with a view to diminish the said pres-
sure, when, by reason of the great strength of masoury, no un-

expenimental, analvtique, et pratique, de la Ponssce des Terres, et des
Murs de Revitement,”) written by Mr. Mayniel, a colonel of engineers in
the Fiendh serviee, in which are detailed various theories of revetments,
formed at dificrent times, chiefly by Frenchmen, only one or two writers
of uther nations being noticed. Many of the theories or systems introduced,
were papers presented to the Commnttee of Fortifications, by French engi-
neer oficers, fiom time totime, which, it would appear, there lay neglected
and forgotten, unti) published m the work now alluded to,  Of this class is
a theory, found m the Depot of Fortifications, dated 1774, and written by
an officer of Luzmecrs, called Mr. Tersae de Montlong,  This gentieman
makes the same obyection to the common doctrines of the pressure of earth,
that atierwards ococrred to me, naviely, that there must be a certain por-
tion of the supportcd mass, which tends to add stability to a revetment ;
and it s remarhable, that one theory, laid down by him, and reduced to an
alrebraical formula, is very nearly the same, wlich at first struch me as
likelh fo prove correct, but which 1 ulumately rejected, on further consi-
deration of the subjeet.  (Sce the note to page 515.)

Mr. Tersae, inlustratiug his doctrines, divides the supported mass into
two portions, an upper and a lewer, exactly in the same manner afterwards
done by me; but whilst T agree with him, that the tendency of the lower
portion is solely to stabilitate, — that pait of his theory, which is founded on
a supposition, that the upper portion tends withits whole weight and power
solely to overset, must be set aside as cnoncous, for Ihave proved, both by
reasoning and by expernment, that the paiticles of loose earth composing it
have a double actiou. tending not only to overset or weaken, but also to
strengthen the revetment, and that, although the former force always
appears to prcponderate, it is ofien in a veny small degree, so that in many
cascs, even altbough the actual weight of the upper portion of the sup-
ported mass of louse earth may be very great, as, for example, more than
dor ble that of the revetment upon which it presses ; yet the diminution of
stability, thereby oceasioned to the profile, instead of bearing any propor-
tion to so great a mass, may, comparatively speaking, be altogether incon-
siderable and insignificant, not exceeduig, for instance, one forty-fifth part
of the original stability of the same profile, hefore any loose earth was
applied to it. (See from page 545 to page 551; and afierwards, from page
591 to page 595.)

But the very erroneous nature of this part of My Tersac’s theory, which
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favourable effects could have been produced by it. These expe-
shall now be taken into consideration.
If we suppose the two revetments, A and B, represented in the

1 have just objected to, will be proved in a still clcarer and more con-
vincing light, by the following experiment, which was tried by me with the
sloping model, whose beight was 26 inches, mean thuchness 12 iuches, and
slope §th of the hoight; iu which experiment, instcad of backhing the model
with shingle in the usual
manner, that loose mate-
xial was applicd to the
upper part (o ) only of P
the supposed revetment,

as shewn in the annexcid . /\C//

Sgure, and was raised to /

the level, b d, of 60 nches b

v

."/

7 -
y 10 e
. -

above the top of it. The /
height, e o, of the point o, /
which rcpreseuts the level =
of the bottom of the sup-

ported mass of shingle, ofbd, was equal to 12 1nches, and was so regu-
lated, that i o, and o d, formed ouc continued right line, parallel to the
matural slope, f'h, of the upper part of the supported mass of shingle, as in
same of our former experiments.

The peculiar arrangement, now described, was produced by removing
the sloping board, which bounded the shingle in rear, from the pesition,
m u, in which it bad stood in all our former experiments, and placing it in
the new position, od, which being done, we fived to it, at bottom, a
smaller vertical board, touching and nearly corresponding with the lower
part, oe, of the back of the supposed revetment, Thus, the mass of
shingle, o fhd, pressing upon the model, in onr present figme, exactly
agrees with whiat would have been the upper portion of the total mass of sup-
ported shingle, had that Inose matcrial been applied, not partially, bat to the
whole of the bach of our model, in the usual manner in which it would
actually be applied, in practice, to thc buack of a real revetment. The
point, r, in our figure, repicsents the center of gravity of the supposcd
revetment, ib fe, whilst the point, ¢, 1epresents the center of gravity of
the supported mass of shingle, o f i d; and the line, r s, perpendicular to
fe and c p, is perpendicular to 1d.

To apply M. Tersac's theory to the cncumstanees represented in pur

iscm
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annexcd figure (See page 637 ), to be exactly equal to each other in
height, mean thickness,&c.,and cach to be backed with loose shingle a8
counterscarp revetments : and, if we further suppose, that the shingle

present fizure, the power of the model to resist the pressure acting upon it
ought to be m proportion to the arca of 1 b f ¢, muluplied into the lever, i s,
and also into the specific gravity of the supposced masonry ; whilst the power,
exerted by the mass of shungle 1o overset it, ought to be as the area of
o fhd, multiplied into the lever, ¢ q, and into the specific gravity of
slingle.  But 1t was before stated, that in all our experiments the weight
of the models used was 84 Lbs. per cubic toot, whilst that of the shingle was
30 Ibs.  And it theretore follows, that according to the above theory, the
stabiity or 1esisting pow er of the supposed masonry, in our present profile,
ought 10 be as the arca of 1 b e x 15 x 84: whilst the oversetting power
ol the slingle ought to be as the arca ol o fhd x ¢ p x 89.

Now, on reducing these propotiions to numbers, by calculating in con-
formity with the dimensions belore stated, it will be found that, according
to Mr. Tersace's theory. the resistance of the supposcd masounry ought to be
as 222 928, whilst the oversetting pow er of the shingle ought to be as 530,139;
which proportions reduced are as the numbers 181, and 450, nearly. And
censequentdy, as the Littes uumber is about 21 tumes greater than the former,
it follows, that when the attempt was made to hack the supposed revetment
with slingle, to the height, dn, in the manner represented in our figure,
the model vught to have had no stability, o1 power of resisting so great a
mass as of hd, but onght to have overset, in consequence of the pres-
sure acting upon 1t, long before the shingle was raised to so high a level,

'The actual result, however, of our experiment, which shall now be de-
scribed, was very widely dificrent.  For, whilst the average original sta-
bility of our model, before any shungle was applied, was found to be equal
to 181 lbs.; the average stability of the same model, when loaded with the
mass of shingle, o fhd, proved to be no less than 173 1bs. Hence the
original stability of our model, was to its stability, when backed with the
above mass of shingle, as 181 fo 173, as was ascertained by the average of
seven very accurate sets of trials ; whereas, according to Mr. Tersac's theory,
the above proportion oughtto have stood as 181 to less than nothing ; it being,
of course, from the above calculation, as 181 to —249. It would, therefore,
be superfluons for me to say uny thing further in confutation of such g
theory. I shall only remark, that, in the present instance, I adopted
the peculiar mode above described, of estimating the weahening power
of the upper portion of the supporicd cuith, piessing upon a reveis
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pressing upon the first revetment, A, is unmixed with any other
material, but that the shingle, pressing upon the second resetment,
B, is divided into four scveral horizontal layers or strata, by three

ment ; not that I consider it so accurate as the former mode generally used
by me for the same purpose, and described in the proceding chapter; but
because the results, afforded by the present method, difler less from Mr.
Tersac's hypothesis; und therefore, in countroverting his doctnnes by ex-
periment, I was willing (o use that process, which was the least unfayour-
able to them. .

It is true, that Mr. Tersac does not give the above theory as conclusive,
nor even the hypothesis, upon which 1t 15 founded, as heng strietly acen-
rate ; but statcs, that he considers 1t merely as an approximation to the
truth, in a very intricate subject, which, by making the pressure of loose
earth rather inore powerful, than 1t would he n reality, may, he conceives,
be trusted to as a sule gwde an practice.  And he even luys dowa ufter-
wards another theory, founded on a different view of the subjeet, npon
which, or on a combmation of the two, it is stated, that he composed
tables of revetments, which have not, however, been copied into Colonel
Mayniel’s work.  As to the hypothesis, biought forward in Mr. Tersac’s
second theory. wluch is not very clearly explained in the above work, it
scems to bear no similarity, whatever, to any thing advanced by me, n
the preceding chapter ; and, therefore, it would be superflucus to notice
it, particularly, as he has not attempted to support any of his ideas by
experiment, which is, T conceive, the only mode of stamping a value
upon such speculations.

In the same book are related a number of experiments, {ricd by the
anthor (Colouel Mavniel) himself, in concert with some other French
euginecrs, with a view to investigate the pressure of carth and sand upon
revetments, but which, I must confess, appear to me to prove very little ;
since those, on which he lays the greatest stress, and to which he chiefly
trasts for the support of his own favourite theory, were tricd, not with any
solid body or bodies, in the shape of or acting like revetments, but with a
vertical plane of woodwork, resembling a common window shutter, move-
able on hinges at bottom, and deriving no stability whatever, cither from
its weight, considered as a mass, or from its base, it having none.  Five of
the esperiments made by him weic, however, conducted in a manner
more likely to bave led to some useful conclusion, having been tried with
walls of brick and mortar, each about 4 feet 11 inches long, and 3 feet 9
imehes hizh, which he buched withvery loose sand, & c., under varionsicivcum-
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mtermediate courses of any solid substance, such as woodwork;
tben the quantity of shingle, supported by and pressing upon the
back of the revetment, A, will be represented by the right angled
triangle, ¢ h 1, whilst the quantity of shingle pressing upon the back
of the revetment, B, will be represented by the sum of the four
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small neht angled triangles, a1 2,ca8,cc 4, and 5eG. The
height of each of these small triangles will be rather less than one
fourth of gk, but if, for the sake of clearness, we suppose that
proportion to hold good, the sum of all the small triangles will be
to the large triangle, as four times the square of 1 to the square of
4, or in other words, as 4 to 16: and, consequently, the pressure

stances, until they overset.  Four of these walls were rectangular; 2 of
which had a thickness equal 1o ubout ;. parts of their height; 1 bad a
thichness  equal 1o about -7 parts of its height; aud another had a thick-
ness equal to 19 parts of its height. The remaining wall was counter-
sloping, with two offsets in rear, and bad also an exterior slope of {isth,
its mcan thickness beiug equal to about ';ff, parts of its height. On referring
to the work, now gunoted, 1t will probably be allowed, that these five last-men-
tioned trials with brick walls were too limited in their nature, to throw much
light upon the subject of revetments; and that the other experiments,
made by Colonel Maynicl, which 1 before alluded to, are still less con-
clusive.

With respect to the experiments, recorded by him, as having been tried
by former Freuch writers upon the same subjecet, they appear to have been
done with so little variety of circumstances, and in general on so very
diminutive a scale, as to be absolutely nugatory.

I have myself in view some further experiments on revetments, which
1 shall probably try at my leisure.
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of shingle upon the back of the revetment, B, is only equal to one
fourth part of the pressure of shingle upon the revetment, A.
With a view to ascertain the point now under discussion,
I caused the following experiment to be tiied: a mound wus
formed of laveis of loose earth, intermined with woodwoik,
in the manner shown i the aunexed figure. The bacwe of
the mound was 11 feet 0

inches square. The hori- // A N
zontal courses of woodwork T e
were placed at ntenvals of Pz ge—e: mrmmsi oo
2 feet apart, and were form- { o RN

[ s R L R )
ed of 1} inch planks, con- E ¢ AN
nected together by ledges of B A
the same thichness.* DBy T,
this means we were enabled L
to carry up the mound to a b

the height of about 13 feet, making the dimensions of it near the
top, at ¢ d, equal to the base, a b; and it i> evident, that by the
same process, we might have raised it almo-st to any given height.
But if we had used only loose earth, without iuterposing courses
of a solid material, at certain intersvals, to break the continuity,
it would have been impossible to raise our mound higher than
about 6 feet from the ground, at which height it would have ter-
minated in a point, forming a kiud of syuare pyramid, the section
of which is representd by the tiiangle, a ¢ b.  An inspection of
this last figurc will clearly prove, what 1 before asscrted, that the
four small triangles,a1 2, ca S, ec 4,and 5 e b, are atrue repre-

* In order to save expense, we used pontoon chesses in this experi-
ment, whieh was conducted by Mr. Nairne Forbes, of the Honourable
East-India Company’s Engincers. then doing duty at Chatham uader my
command, with the rank of Ensign.
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sentation of the total quantity of shingle pressing upon the bach
of the revetiment, B, shown in our former figure.

But it is not absolutely necessary, in order to produce the effect
of greatly dimimishing the pressure on the back of a revetment,
that the intermediate substance, which breaks the continuity of
the loose particles of the supported mass, should be an inflexible
body, like strong woodwork; for the same object may be attained,
to any required degree, by using flexible substances, such as
canvass, thin layers of brushwood, &c. as we ascertained by the
tho following eaperiments, both of which were tricd with the
comterslopmz model, 52 inches high, having a mean thickness of
8 inches, and a counterslope of one fifth,

On applying shingle to the back of the above model, in horizontal
lavers of four inches inheight, divided from each other by courses of
camass,* in the manner
rcprckcntcd)u the annexed ) . /
figure, the stahility of this

I‘\ e . ____j

LT

profile, as a counterscarp
revetment, proved to be I —
54 Ibs; its original stabi-
lity before the shingle and ,
canvasswere applicdbeing | E_
621hs., so that. the loss of e
stability, occasioned. by, the pressure of shingle thus applied,
may be estimated at 8 lbs. which s iy the propertion of about jth
only of the original stabilitg.fe. o

Afterwards we applied the shingle to the same model, in layers
of 4 inches as before, but using courses of small loose twigs not

* We uscd empty sand-bags for this purpose.
+ In three several trials with shingle and canvass, the stability was suc-
cessively 44, 57, and 61 lbs. ; the avcrage being 54 Ibs.
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exceeding half an inch in diameter, to break the continuity of
the pressing material, in the manner represented in figure B,
which being done, the stability of the prolile proved to be 49 Ibs. ;
8o that in this case, the loss of stability may Le estimated at
18 Ibs. which is in the propoition of about jth of the oviigwal
stability.*

Hence it appears, that this model is fully strong enough for a
counterscarp revetment, for supporting shingle, or any sicular pa-
fectly loose material, provided that the latter is divided into sepa-
rate horizontal layers, Ly the insertion of inteimediate cowrses of any
other substance, such as planking, canvass, or hiushwood, wlich 1s
capable of breaking the continuity of the prossing material.  Now
it was proved by one of our former expernments (See Twble X1,
Experiment 345), that the same model had no stability whatever,
as a counterscarp revetment, when the shingle was applied to the
back of it, uundivided by courses of auny other substance ; and
therefore it will be evident, that the various expedients, now under
discussion, may be used to great advantage to dimini.&n the pres-
sure of loose earth upon revetments; which having hitherto been
generally considered an object of great importance, almost all
writers upon practical fortification have accordmgly recommended
brushwood for this purpose, as being the cheapest expedient that
can be adopted.

There are three Javs, i which the above material may be used
in consolidating the terrepleins of reveted works; first, by applying
it in theform of regular Tascines, which need uot exceed six inchesin

liameter ; secondly, in the form of hurdles third] y, by merely spread-
ing it loose in courses, not exceeding three or four iuches in d:;'ml_.
ichever method 1s used, the courscs, whether of fascines, hurdles,

or branches, may be placed at intervals of from threc to four feet

* In three several trials with shingle and twigs, the stability was succes-
sively 58, 44, and 45 1bs.; the average being 49 Ibs.
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apart : and instead of laying them quite horizontal, they may have
a gentle fall towards the rear, to carry off the rain-water which may
souk through from above, and prevent it from lodging against the
back of the wall. Fascines were generally used by the French
Engineers in forming the terrepleins of their fortresses, dgring the
reign of Lewis the Fourteenth : branches were adopted in prefe-
rence, in constructing the ramparts of Portsmouth; and the latter
must certainly be allowed to be a better method, for after the wood
rots, which must be expected in course of tune, the mass of the
terreplein will eventually, in this case, have more consistency, than
in the former. *

As the intermixture of any perishable material, can evidently only
cause a temporary diminution of the pressure of earth upon a revet-
ment, it certainly would not be prudent to adopt a weaker profile,
on this account, than would be required, if no such expedient were

used. [Inbuilding a fortress, no diminution of the masonry can

therefore aise from the use of brushwood, which may accordingly

be rejected as a superfluous expedient ; but in the garaE!! g! ﬁsu
works, constructed in loose svil, 1t may be"of great advantage.
rame——

—

pp——

But the principle of breaking the continuity of the supported

:arth, although useless and meffectual for permanent purposes, if
wy perishable matenal 1s employed, may in many cases be applied

lo advantage, 86 @s to produce the desired cliectel saving expense,

—

o

* Huggdles arc best of all. They arc morc compact than branches, and
wccupy much Iess space than fascines.

1+ In hesieging the Castle of Santa Maura in 1810, there being no earth
n the spot, shingle was uscd for the batieries, which was intcrmixed with
rushwood laid borizontally, and also with fascines, used as headers, run-
iing through the whole mass at central intervals, by which means it was
sund practicable to complete the necessary revetments with fascines, the
:ommon method of securing them by pickcts alone, without these addi-
ional precautions, having previously failed.

YOL. II. T T
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that masonry itself, or any other durable substance, con-

nected with the body of the revetment, is used for that purpose.
To explain the

b e h A
mode' of con- —- o
struction, now L
alluded to, let b p——
us suppose a b, [ .

in the annexed L

figure,* to repre- ‘.‘ o !

sent the exterior

surface of a re- E

vetment, and that r___:”‘fl 2
it has counter- l

forts at certain p—— i - =k

intervals, which Lo
instead of being
built indepen-

dent of each other, according to the usual system, are connected by
five tiers of arches; which appear in section in the figure, but two of
which only, f k n p, and s u v g, are lettered, to prevent confusion.
Then it will be evident, that, if the revetment, thus constructed, is
backed with loose shingle or earth, the five tiers of arches will pro-
duce the effect of breaking the continuity of the pressing material,
s0 that instead of being equal to the great triangle, d c m, the quantity
,of pressure acting upon the back, ¢ d, of the revetment, will be
represented by the sum of six small triangles, shown in the figure,
of which, f c h, is the uppermost, and d r y, the lowest. Now if
:we suppose the revetment, a b c d, to be of suchrarthicknessythat the
pressure of the small triangle, f ¢ b, is incapable of breaking down

® This and some of the following figures, although referring to dimensions
uctually specified, bave been drawn ratber out of proportion, fer the suke
of clearness.
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tlie portion of masoury which is immediatcly in fiont of the line,
fc, and that the pressure of the small triaugle, s n o, is incapable
of breaking down that poition of masonry which is in front of the
line, s n, and ihat, in like manner, the pressure of each of the other
four small triangles is incapable of breahing down that portion of
the revetment, upon which they respectively act; it follows, of
necessity, that the whole weight of these triangles must press verti-
cally downwards ; and conscquently not only the mass of shingle,
repiesented by the trapezoid, f h w k, but also that, wkich is repre-
sented by the tnangle, f ¢ h, or, in other words, the whole of the
shingle contained in the space, f ¢ w k, must press vertically down-
wards upon the crown, f k, of the highest arch 1epresented in our
figure, provided that the upper part of the revetment has such a
thickness, as not to admit of its being torn asunder by the lateral
pressure of that poition of the same mass, which acts upon it.*
Now it must be evident, that the revetment cannot possibly be
oversct upon the pivot, a, without raising the arch, f k, during this
movement, to a much lugher level, and therefore the weight of shingle
contained in the space, f ¢ w k, opposes not only the rise of the
arch, but also the fall of the irevetment, with its whole weight;

* If the lateral pressure of any loose material is not capable of tearing
asunder the obstacle, which resists it, it must of course become dormant
for the time being. Thus in the body of a waggon, whose sides are removed,
it will be evident, that coals, although a loose material, may be piled up
perpendicularly, to any rcquired height, provided that they are previously
inclosed in sacks, and bailt in regular horizontal courses like masonry.
Now under this supposition, it must be allowed, that the lateral pressure
of the loose coals, acting u:pon and resisted by th inclosing canvass, does
not in the lcast degree diminish any part of the vertical pressure arising
from their weight, the whole of which is supported by the body of the
waggon. Yet at the same time, the lateral pressure, although dormant, is
not done way, for if any of the cxterior sacks were cut, it would imme-
diately come into action, and cause the loose coals to rush out through
the apertuic.

TTSZ
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and in like manner the shingle contained in the space, s n p u, by
acting on the crown, s u, of the arch below, opposes also the fall
of the revetment with its whole weight; and in short, the same
doctrine holds good in respect to all the other arches, which are
acted upon by similar masses of shingle, and with a similar tendency
of adding stability to the revetment.

Reasoning thus, it will appear, that the whole mixed mass of
shingle and masonry, represented in section by the figure,a b w i,
combines together 1 resisting the pressure of that portion of the
supported triangle of loose shingle, d ¢ m, which has a tendency to
overset the revetment: and therefore, if we suppose the specific
gravity of the shingle and masonry to be equal, the said mixed mass
will, as a revetment, have very neaily as much stability, as if the
whole of the space, a b w i, which represeuts the extent of it, were
composed of solid masonry. lHence may easily be determined,
under any given circumstances, the dimensions proper for A
COUNTERARCHED REVETMENT, which i1 the term used
to designate the profile represcoted in our present figure, in con-
tradistinction to the other kind of revetments, treated of in the
preceding chapter, which are culled sIMPLE REVETMENTS.

For example’s sake, I have supposed the countcrarched profile,
abwi, to be a rectangle, on account of clearness, although
any other form, sloping, leaning, or countersloping, might
have been chosen for the same purpose. By Experiment 124,
Table V, it appears, that a rectangular revetment, whose thickness
is equal to three thirteenths of the height, with counterforts
also equal to thice thirteenths of the height in length, possesses
sufficient stability as a counterscarp revetment.* Now the total

® In the casemated work recently coustructed at South-sea Castle, near
Portsmouth, the thickness of the counterscarp revetment, which is rectangu-
far, is equal to one fourth of the height : the counterforts are square, and also
equal in length to one fourth of the height, and placed at central intervals
of four times their width apart. The proportions of this profile, which was
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depth of masonry, m the rectangular profile, which has just been
stated, if measured in section through one of the counterforts, is
equal to six thirteenths of the height.  In determining the dimen-
sions of our counterarched profile, a b w i, we caunot therefore
well allow less, than the above proportion ; on the contrary, as the
actual mass of masonry will be much less than that of the simple
profile in question, it will be prudent to make the depth of it rather
morc than six thirteenths. We shall accordingly suppose the lines
b w, and a i, which represent the said depth, to be each equal to
one half of the height, a b, in which case the strength of the
two profiles under consideration will probably be nearly equal.
Now, to reduce the matter to fixed dimensions, if we suppose
the height, a b, to be 100 feet; and that the five arches are each
2 feet thick, which is as substantial as cun possibly be necessary,
the six spaces, ¢ f, n s, r d, &c., into which the supported
shingle is divided, will each be 15 feet high, and this will of
course determine the value of the various pressing triangles,
fch, sno, &c., acting on the back of the revetment. But it
has been proved by Experiment 43, Table 11, that a rectangular
profile without counterforts, whose thickness is equal to one third
of its height, is sufficiently strong for resisting the pressure of
shingle, as a counterscarp revetment.* Accordingly, the thickness

backed with shingle, so very ncarly agree with those of the similar rec-
tangular profile, mentioned in the text, the difference of mass in proportion
to their respective heights being only as 12 to 13; that it appeared proper
to introduce it, partly as affording some support to my experiments, and
partly because the counterscarp revetment, which I have just described,
and which I believe is about 11 feet high, is the only instance, to my
kuowledge, of a rectangular profile having actually been executed.

* In the experiment alluded to, the thickness was equal to four
thirtcenths of the height only, which is a little less than one third: there-
fore the latter proportion will be ample, for the revetmeut of our counter-
arched revetment; particularly as it derives great additional stability from
the picrs and arches, that are united to it.
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ait"top and bottom, b ¢, and a d, of our supposed revetment, may be
made cqual to 5 feet, which being done, it will be impossible for
it to be broken down, in any part, by the pressure of the various
triangles, that act immediatcly upon the back of it, the height of each
of which is 15 feet, as was before stated. ‘This being determined,
the depth of the arches (f k, s u, &c.)and the length of the counter-
forts, which serve as piers for supporting them, will of course be 45
feet, the total depth of masonry, b w, or ai, being equal to 50.
With respcct to that part of the revetment, which is above the uppei-
most arch, it 1s already nearly strong enough ; but, by way of further
precaution, we shall allow it counterforts G feet long, vne of
which is shown in the fizure, by the rectangle, fc e t. The piers
or counterforts, may be about 3 feet wide, with central intervals of
18 feet, which is six times therr width, and which will allow a clear
space of 15 fect, for the span of each arch.  Segment arches of
uniform thickness throughout, and iather tlat, having a rise, for
example, of about € feet G inches, which isn the proportion of one
sixth of their span, will be the most convenient.  The perpendicu-
lar baght of the lowest aich above the level of the base, a i, of
the reveuneut, inay be 13 feet ) inches, at the spring, and 16 feet
3 inches, at the crown, so that its mean height above that level
will be 15 feet, according 10 our former supposition.

Such being the dunensions of our supposed counterarched revet-
ment, i« will be found, by calcutation, that the quantity of masonry,
contained i this protile, including the revetment, with the counter-
arches aud their piers, and the counterfort above them, will be very
nearly equal to that of a simple wall without counterforts, of the
same height, and having a mean thickness of about 15 feet

7 inches.*

* The rough cstimate, from whence this conclusion was drawn, is as
follows,

The area of the revetment, ab c d, as it appears in the section, is
= 100 x 5 = 500 supcrficial feet. -

The area of one arch, n fk p (or v 5 u q), as it appears in the scction, is
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Now, according to the seventh rule, given in the preceding chapter,
a simple counterscarp revetment, countersloping at one fifth, ought
to have a mean thickness of {th of itsown height, besides counter-
forts, adding to the mass of masonry, in the proportion of a con-
tinued wall having a mean thickness of one twenty-fourth part of
the height; and consequently the mean thickness of a simple wall

= 45 x 2=90. There being 5 arches, multiply by that number, and
90 X 5 = 450 superficial feet for the whole. If the arches were flat, the
above would be a just estimate, but 1n consequence of the curve, about one

450
fifteenth part more must be added. 450 + 15 = 480 superficial feet, will

therefore represent the true value of the five arches.

The arca of one pier, d r x i, is = 45 X 15 = 675. There being 5 piers,
multiply by that number, and 675 x 5 = 3875 superficial feet, will give
the area of the whole, as they appear n the figure ; but as the masonry of
the picrs occupies only one sixth part of the space in rear of the revetment,

. 3375
the above value must be reduced in proportion, and accordingly < =
5621 superficial feet, will give the true estimate of the piers.

The area of the counterfort, fce t, wove the uppermost arch, is = 6
x 15 = 90, of which, for the same reason, that applied to the piers, one

siath part = %0 = 15 superficial feet, must be taken for the true value.

Recapitulation. Superficial feet.
The revetment - - - - - - 500

The five arches - - - - - - 480

The five piers - - - - - - 562}

The counterfort - « - - - 15

Total value of masonry in the section - - 1557%

Hence, as the height of the profile is 100 feet, the above result must be
divided by that number, and the quotient will be equal to 15575, or to 15
fcet 7 inches nearly; which accordingly shows the mean thickness of a
simple wall, without counterforts, of the same height, equal, in quantity of
masoury, to the counterarched rovetment, represented in our figure.
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eqinﬂ to a revetment and counterfoits so proportioned, if calcu-
lated according to the above rule, is 29 feet, 2 inches.

The quantity of masoury, contained in the couuterarched pro-
file now under discussion, will therefore be, to that contained in
my countersloping profile, in the proportion of 15} to 29} nearly,
being onlv about one half of the latter ; and thus it appcars, that
by a judicious application of the principle of breaking the con-
tinuity of the supported mass, a counterarched revetment may
be built, equal i stability to a simple revetment, in which
this principle caunot be applied, and at the same time, with a
great saving of masonry, that is to say, in very hizh profiles, such
as we have just taken for an example: for in lower profiles
the saving will be less considerable,* and when the height is so
much reduced as to be under 20 feet, the common simple revet-
ment, of the nature described in the preceding chapter, requires so
small a quantity of masoury, to support the retained earth, that for
areason there stated, it may seem rather expedient to augment,
than to endeavour to diminish it.

In the example of a counterarched protile, which has just been
given, the supported earth wak not raised higher than the level
of the top of the revetment, and therefore the total depth of
masonry was made equal to half the height ouly, a proportion

® This principle caunot be effectually applied to low revetments, for a
sufficiently obvious reason. If we supposed, for example, our counter-
arched profile, represented by the figure a b w i, to be 20 fect bigh only,
instead of 100, and that the other parts were reduced in like proportion,
the thickness of the revetment would be 1 foot, the height of the piers and
counterforts would be 8 feet, their width being 7} inches; the span of
each counterarch would be 5 feet, and its thickness or depth not quite 5
inches. Such arches and walls would evidently, from the minuteness of
their parts, be ridioulous, as they could neither have consistency nor
durability; and yet, unless 80 constructed, it will be equally evident, tbat
s proportional saving of masonry cannot be ohtained.
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which will suffice for counterscarp revetmeuts, in case this principle
were applied to them; but when it i« applied to demiievetments,
or partial scarp revetments, it will of coursc be proper to -
make some addition to the mass of masonry used, and accordingly,
Fyths of the height may be chosen, as a proper dimeusion for '
the total depth.

If therefore, i the following figure, we suppose the principle
under consideration to be applied to a scarp revetment of thirty
fect, whichis a good height for that of the main inclosure of a
fortress ; we may allow 3 feet 6 inches for the thickness, b ¢ or
ad, of the revetment. The arches, gefh, and m i k n, will be
each 14 fcet long, and may be 1 fuot G inches thick. The piers,
dmnp, andighlk, will also be 14 feet long, and may be 10
fect G inches in mean height.  This will leave 6 feet for the height,
e ¢, of the counterfort,

which may be 3 feet
long, that is to say in

mean length, for it may b S
be made countersloping, _p\,, 1

in the manner thown by 'é:' h

the trapezoid e ¢ | o. :

The piers and counter- il _.k

forts may be 3 feet m ) n

thick, and placed at cen- SR

tral intervals of 18 feet al u P

apart, as in the last ex-

ample.

Calculating according to these dimensions, it will be found,
that the supposed counterarched scarp revetment, 30 feet high,
represented in our figure, will be equal in quantity of masonry to a
simple wall of the same height, having a mean thickness of 6 feet
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83 inches;* whilst the simple countersloping profile of the same
_beight, recommended by me in the preceding chapter, including
its counterforts, is equal to a wall having a mean thickness of 10
feet, if used as a full scarp revetment; but if used as a partial
scarp revetment without a berm, it is equal to a wall having a
mean thickness of 10 feet 6 inches. (See Tables A and B, in
pages 628, and 629.) Thus by adopting a counterarched scarp
revetment, in preference to a simple one, there may, in a height
of 80 feet, be a saving of rather more than one third of the total
quantity of masonry.

It will be evident, that there might result a stifl greater economy of
materials, and yet little or no diminution of stability, in the counter-
arched profile, by building the counterfoits hollow in certain parts,
and connecting the vacant spaces thus formed by arches, as repre-
sented by the dotted parts of the figure, in the last section; but
unless the piers were of very eatraordinary length, as in our first

® The rough estimate is as follows.

Revetment 30 X 8! = - - - - . . . - - . 105
Arches 2(each=14 X 1) =- - - - - - . . 44
4

Add one tifteenth part of the above for the cune = 1—: = 28
101 x 14

Piers 2 (each = -%—6-—) = - - - - .. 49

6 x3

Counterforts — s — - " - - - - ]

Total superficial feet - - - - - 2018

-

Hence the mcan thickness of a simple wall without counterforts, equal
[y

201
to the above, will be = 7)9 = 6726 feet, or by reducing the decimal,
to 6 feet 82 inches nearly.
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example, it would scarcely be worth while to have recourse to this
expedient.

As a further illustration of the nature of a counterarched revet-
ment, 1 annex a figure, representing the rear elevation, of the

masonry work only, of one constructed with two tiers of arches,
which will therefore correspond with the transverse section of the
masonry of the supposed scarp revetment, shown in our former

figure.

I shall next apply the principle, now under consideration, to
a counterscarp revetment, which shall be supposed to be 22 feet
high, and which might also be represented by the last section, (See
page 649), provided that all above the level of the horizontal line,
b s, were cut oft. In this case, I would allow the thickness (b c, or
ad) of the revetment to be € feet 8 inches; the depth (f h, ork n)of
the two arches to be 1 foot 3 inches, and their rise to be 2 feet S inches;
the length of the arches and of the piers (g h, or mn.n) to be &feet 4
inches ; the mean length of the couuterfort to be 3 feet; its width
and that of the piers tq be 2 feet 8 inches; and their central inter-
vals to be 16 feet, which is 6 times their width; and the mean
height of the piers (i g, or d m) to be 8 feet.

By using this profile, it will be found, that there will be a saving
of about three eleventh parts of the quantity of masonry, that
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would be required for my simple profile of a counterscarp revet-
ment of the same height. *

Lastly, as an example of the mode of counterarching a lower
counterscarp revetment, I shall suppose the height to be only 15
feet. In this case one counterarch may suffice, which may be 1
foot 3 inches thick, 8 feet in mean height above the base of the
revetment, and 5 feet 4 inches long ; which will also determine the
length of the piers. The thickness of the revetment, and that of
the piers and counterforts to be cach 2 feet 8 inches, the span of
the arches to be 13 feet 4 inches, and their rise 2 feet 3 inches, all
of which particulars are the same as in the last example.

Using these ' dimensions, it will be found by calculation, that
the counterarched counterscarp revetment of 15 feet, which has
been described, will require fully as much masonry, as i1s neces-
sary to enable my simple countersloping revetment with coun-

® The rough estimate is as follows,

Revetment 22 X 22666 = - - - - =« - - - 586666
\ Arches 2 (each = 125 x 8'833)= - - - - - 208533
20833
Add one fiftcenth part of the above for the curve 5= 13888
| 8 X 8333
Pieng2(cach= ———)= - - - - - - 22:2922
35 x 38
Counterfort = e 175
Total superficial feet - - - - 10475

————

Hence the mcan thickness of masonry of a simple wall without counter-
- 10475
forts, equal to the above, will be == —-— = 4 feet 9 inches nearly: but
the mean thickness of a wall equal to my countersloping counterscarp
revetment with its oonngerfoﬁs. of the same height, is = 6 feet, 5 inches
(See Table C, page 630); s0 that the former may be built with about three
eleventh parts less masonry, as stated in the text.
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terforts of the same height, to resist the pressure of earth acting
upon it. *

Hence it appears, that in low revetments, the saving of ma-
sonry to be obtained by adopting a counterarched profile,
is inconsiderable or null. It is true, that the diménsions of
the several revetments might have been still further reduced,
in the above examples, by giving to the various portions of the
back of each a counterslope in rear; instead of making the
whole of uniform thickness from top to bottom; but as I
must again repeat, the reduction of the mass of walls, below
a certain limit, is to be reprobated. Even in those cases, however,
in which there may not be a diminution of masonry, the counter-
arched profile may uo doubt sometimes be preferable to any of the
simpler forms, under certain circumstances, the determination of
which must be left to the judgment of the Engineer employed.
Like the countersloping profile, it has the great advantage of being
perpendicular exteriorly ; and as far as regards military works, ex-
perience has proved, that it is more difficult to effect a practicable

)

* The rough estimate of the counterarched revetment is as follows:

Revetment 15 x 2666 = - - - - - - - 40
Arch = 125 X 5338 =- - - - - « - - -« = 6°6666
6°666 .
Add one fiftcenth part of the above for the curve = I = 04444
) 8 x 5'333
Pier = T = ot s s m s s 7.111¢
575X 3
Counterfort = JG = - - - = - - - 115
Total superficial feet - - - - - 656111

Hence the mean thickness of masonry ofa simple wall without counterforts,
656111
15
mean thickness of a wall equal to my countersloping counterscarp profile
and its counterforts, of the same hcight, is also 4feet 41 inches (See Table

C, page 630).

equal to the above, will be = 4 feet 4! inches nearly, whilst the
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breach in a counterarched scarp revetment, than in any other.*®
With respect to the workmanship of the arches used in this kind of
profile, it will not be so expensive, as that of common arches for other
purposes; because in works built of stone, irregular long stones may
b‘ulelected and used, without the trouble of cutting them by a mould;
and in all cases, wooden centering may be dispensed with, by carr -
ing up the rammed earth, in the various chambers bencath each tier
of arches, to the proper height, before these arches are begun: and
giving to it, at top, a form corresponding to the proposed curves.
As we know, by experience, that excavated earth may be compressed
into a smaller space, than it originally occupicd in its natural state

¢ Counterarched revetments were recommended by Castriotto an Italian.
and Speckle a German engincer. the latter of whom died i 15895 and were
adopted about or soon after that period, in the construction of several
fortresses. In the sicge of Dillemburgh in Germany. in the scven veary'
‘war, more than usnal difficulty was experienced i breaching the reyetments,
which were constructed according to this system.  In the sicge of Badajuz,
in Spain, when attacked by the Bntich in 131, the piers and arches of a
casemated flank proved a great obstadle to the ceffect of the breaclhing guns.
that were directed against it.

The Cotonera works, in Malla, planned by Valperga, a Picdmontese,
about the year 1610, the mam inclosure of which only s finished, have a
counterarched scarp revetment, which in some paits 18 of extraordinary
height ; one curtain being, to the best of my 1ecolleetron, not less than 80 fect
high. Some of the chambers, turmed by these counterarches, are filled with
rubbish : others still remain empty, and have been fitted up as a kind of
casemates, although evidently, they could not originally have been intended
assueh. These waorks are remarkable for the apparent disregard shown to
the nature of the ground, which has been the cause of the great beight to
which some parts of the profile bave been clevated : but a still more striking
instance of the samne negleet is observable, in a project for fortifying Rabato,
the edpital of the island of Gozo, drawn up by the sume person, who,
although the situation is totally unfit for a furtress, proposed to occupy it
by an extensive rcgular polygon, the outline of which would inclose the
base of a hill on which the town is built, and which if it had been carried
into effect, would have been plunged into, at the distance of about 150 jards,
by another higher hill oppositc, at the foot of which bis works would lie.
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in the ground, there is no likelihood of the carth settling, so as to
lcave vacancies beneath the counterarches of revetments, so con-
structed, provided, that it is properly rammed during the execution
of the work ; nor indeed would such settlement, if it actually took
place, be a matter of any importance, as it could be attended with
little or no prejudice to the strength of the profile.

Another mode of increasing the base, and thereby the stability
of revetments, without augmenting the mass of masonry to that
degree, that would be necessary in a simple profile, has also been
recommended ; which is by building the revetment hollow at certain
mtervals, and afterwards filling these empty spaces with earth or
1ubbish, or any other material, cheaper than masonry.  In laying
down rules for this mode of construction, vertical counterarches,
abutting either against the rear of the front part of the revetment,
or against piers or counterforts projecting from it, have usually
been recommeuded, so that the cells or cavities, left in the
masonry, do in some part of them resemble niches or upright
segments of a hollow cylinder, as may be understood by the annexed
figures, which represent a plan or rather a horizontal section of revet-
ments, so constructed, and in both of which the upper line is sup-
posed to denote the exterior surface of the wall.

)00C - 700C

As far as regards the general section of such works, it will be
evident, that it may be either rectangular, leaniug, sloping or
countersloping. In most cases it will be best to connect the whole
of the masonry into one mass, by forming rather flat inverted
archesb ‘under each cavity, so as to constitute one continued founda-
tiop.of solid masonry. If the cells were circular or semicircular
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in their outline, and consequently cylindrical or semicylindrical in
their general form, these arches might be constructed hike inverted
domes, or half domes; but if the outline of the cavities themsclves is
not regular, the inverted arches must also necessarily be irregular.

In addition to the above precaution, the CONCAYE REVETMENT,
now under consideration, may be further strengthened by running
one or two thin horizontal courses of brich-work or masonry, at
certain intervals, across the cells, particulaily wheu the latter are to
be filled with any loose substance, such as shingle, and it will also
be expedient to arch them over at top. The auncaed figure repre-
sents the section of a revetment, so constructed, in which, provided
that the cells are filled with any tolerable heavy materml it \\lll be
evident, from the principles i J
before laid down, that the sta- e ,[
bility of the profile, as opposed / F ] |
to a pressure in rear, will be L
very nearly equal to that, which _‘J———h
would be obtained, by building the whole mass of sohd masoury.

Having found, on applying this principle to a scarp revetment
of S0 feet in height, that there was not likely to result any very
great saving of masonry, when compared with my simple counter-
sloping profile with counterforts, unless the dimensions of the va-
rious parts of the supposed concave profile had been reduced
smaller, than appeared to me advisable in practice, I shall not
attempt to give any dctailed examples of it, but shall conclude by
remarking, that 1 do not know of its ever having actually been
uged in military works, nor do I recommend it for guch.*

® The Lind of profile, now under description, was proposed, but without
anmy inverted arches, by a French engineer called Charpenticr, 'n 1742;
and Colonel Mayniel, in his treatise before quoted, suggests, the tif the
cells were left hollow, and connected by doors of communication, they ‘wight
either be useful as a kind of small cascmates, or might serve in lieu of
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I have now discussed almost every form that has either been
actually given or recommended to be given to revetments, with
the exception of one peculiar kind of leaning revetment, that has
of late heen adopted by some of the civil engineers in this country,
for the retaining walls of wharfs and wet docks, the back and front
of which, as shown in section, aie not right lines, but circular

arcs.
. b d [ h
. S !

~
~
~—

—

" /' /.. /
E—y

‘s

In the annexed figure, which represents a section of the kind of
profile, now alluded to, the general furm of the revetment and of
its counterforts, is found by describing three concentric arcs, a d,
e f, and g h, from a center ¢, assumed somewhere on the same
horizontal level with the top of the proposed work. The length
of the 1adius, ¢ d, of the smallest are, has usually been from 2} to

galleries.  But on inspecting the plan and section, given by him, as an
llustration of this idea, it appears to me, that for a scarp revetment, the
usual disposition, adopted in common casemates, is much preferable ; and
even for a counterscarp, if for any reason a continued gallery of the usual
form were rejected, 1 would, in preference to the scheme alluded to, build
a range of chambers, exactly resembling small casémates, and roofed as
such by common a¥lies, ex cepting that in rcar 1 would connect the piers,
not by a wall carried on in one continued right line, but of a curved form,
%0 as to oppose a vertical counterarch to the pressurc of earth.

The only instance, to my knowledge, of a concave revetment being
actually xecated, is one now building in his Majesty's dockyard, at
She s, under the direction of Mr. Rennie, which shall be described in
a note. ‘

VOL. 11, uvu
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3 times the total perpendicular height, a b. The thickness of
masonry, of the revetment d f, has generally been made in some
ratio, between one fourth and one fifth of the said height; and the
length and width of the counterforts have generally been equal to
about one ninth part of the sawne, their central intervals being 18 feet.
The summit of the revetment has usually been crowned by a course
of large coping stones, as shown in the figure, below which the
general level, n p q, of the top of the masonry, hus been made
nearly horizontal. At bottom, the base of the revetment and
counterfort have sometimes been laid out in one continued inclined
plane, coinciding nearly with the radius produced, a g, but more
usually with a somewhat smaller degree of obliquity, that is to say
in an inclined plane approaching more nearly to a horizontal levcl.
Sometimes the base of the revetment and that of the counterfort
have been laid out, not in one continued plane, but in such a
maanner as to form two different inclined planes, nearly parallel to
each other, both deeper in rear than iu front, and of the same
depth in rear, as represented by the lines, a o, and r s, in our figure.
Sometimes again the front part of the base of the masonry only
has been laid out according to an inclined plane, such as, a o, whilst
the remainder of it, from some given point, such as, o, backwards,
has been laid out horizontally: but in no case, has the base of
the masonry ever been made horizontal throughout. .

The wharf walls of the West-India Docks, which I belicve
were the first specimen of this kind of profile, are constructed
nearly in the manner represented by the above figure. Their
dimensions are as follows. The radius, ¢ d, of the smallest are,
4 d, is 72 feet : the perpendicular height, a b, ig9 feet, including
a foundation of about 2 feet deep: the base, b d, of the slope,
formed by the exterior curve, is 6 feet; the thickness of masounry,
n p, of the revetment is 6 feet; and the counterforts, r p.q s, are 8
feet square, and placed at central intervals of 18 feet apa*. The
general foundation is broken into two inclined planes, & o, atii.r 5.
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Iu the retainiug walls of the Limehouse eutrance bason, the
height, the radius of curvature of the exterior sumface, and all other
particulars, are the sume as above, with the exception of the thick-
ness of the-revetment, which is ouly 4 feet 6 inches ; and this last
18 probably one of the thinnest profiles in proportion to its height,
that has hitherto been executed. In both of these examples, the
revetment and counterforts were built of brick, the coping only
being of stone.*

.

* The above works were planncd by Mr. William Jessop. I have since
seen a section of a wharf-wall ofa similar deseription, and also 29 feet high,
proposed, and about to be exccuted, by Mr. Rennie, which may be under-
stood by a reference to the same figure, and of which the dimensions are
us follows : the radius, ¢ d, of the exterior curve is 87 feet, and consequently
the base, b d, of the slopc thereby formed, is equal to 5 feet nearly. The
arcs are concentric, as in the former cxample, the thickness of the revet-
ment, n p, which is to be faced with very large stones, backed with brick,
being 6 feet 6 inches : the counterforts are to be 8 feet 9 inches square, and
placed at central intervals of 18 feet; and are to be built of brick, except-
ing in two places, where they aie to be connected to the revetment by
binding courses of stone running through the whole body of the work, and
placed at equal iutervals apart.  The foundations both of the revetment
and counterforts arc in the same plane, which appeared to coincide nearly
with the produced radius. a g.

1t is to be observed, that, althongh conceutric arcs setm to be the favon-
1ite system, they have not always been adopted. 1%or c:ample, in the en-
trance bason of the East-India Docks, the revetment, which is 22 feet high,
and the exterior curve of which is so proportioned, thut the base of the
slope thereby formed, is no less than 10 fvet, is 3 feet 6 inclies thick st
top and 7 feet 6 inches thick at bottom, the back of the wall being also
carved, but describied from a different center, as well ab by a greater radins.
In this work, whichgyas planned by Mr. Walker, thie revetment is bailt of
large stones, and the counterforts of biicks. The latter arc 2 feet 8 inclies
wide, and pliced at central intervals of about 18 fect apart, and arb nearly
perpendicular in réar, so that their length varies from 1 foot 6 inclibs at top,
to 7 feet Ginches at bottom. Their foundation is laid out neaily hiorivtiitid,
and is of /he same deplh as the back of the basc of tie revétient, tlie Yatter
bein, inclined plane, deeper in rear than in frunt, according to the asual

vu?
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Upon the CURVED LEANING REVETMENT, which has been
described, 1 shall remark, that its peculiar construction adds
greatly to the trouble, aud in some degree to the expeuse, of the
workmanship, and therefore appears to me objectionable ; the
more especially, as I do not see that the least advantage can be
derived from the curve, in opposition to a pressurc of earth in
rear ; for, although built in the archlike form, the wall caunnot
possibly have any strength as an arch, nor can it even, with pro-
priety, be considercd as such, since it hay only one abutmen®y
Whenever a leaning profile mnay appear advisable, 1 sheuld there-
fore certainly recommend using a simple right-lined section in
preference to a curved one, unless the whaif or other wall about to
e formed should happen to be exposed to the beat of the sea, in
which case a curve may pethaps be considered more advantageous,
as being less liable to Le injured by the shock of the waves.®

1 have already sufliciently stated my opinion, in the preceding
chapter, that, of all simple profiles that can be adopted, the
counterslopiug is the best for military purposes; - but although re-

® Mr. Smeaton, in constructing the Ldystone Light-house, which is a
round tower, the masonry of which alone exceeds 60 feet in beight, and
of which the diameter, every where inconsiderable in proportion to the
above, is much greater at the base, than in other parts, bas Iaid out the
exterior of the work, as it appears in section, not in one continued night
fine, but with a curve, 1ather concave towards the hottom, which form,
he conceived, would be the hest adapted for resisting the break of the sea.

Mr. Telford, in a sea-wali, binlt by his direction, at Aidrossan, in Ayr-
shire, in a situation exposed to the Lrish Sea, bas adopted a CURVED sLOP-
ING PROFILE, that is to say, one curved exteriorly, but perpendicular in
rear, to which hebas added countersloping counterforts. The base of the
revetment is laid out according to an inclived plane ; that of the counterforts
is horizontal.

1 The general tenour of our experiments with shingle secm¥ to prove,
that, in thia profiles for retaining luose soil, the countersloping is.;ertainly
the weakest. If, therefore, the durability of walls, built with &.<*arior
slopes, could be depended upon, I should not have hesitated to recommend,
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commended by some recent wiiters, I am not aware that it has
ever yet been used in woiks of any magnitude.* This opinion, in

for military works, a leaning profile with counterforts, in preference to
all others. If used as a partial searp revetment or demirevetment, a lean-
ing profile having a thickness equal to one fourth of its height, would,
I conceive, be strong enough in all cases; whilst, if used as a counterscarp
revetment, a thichness of one filth of the height, only, would suffice ; which
profiles mght of course be bt at less expense of masonry, than the coun-
tersloping profiles, actually recommended. for military works, in Rules
VI, V11, aud VI, and more fully detaded in Tables A, B, and C; and
which, upon the whole, all circumstances considered, appear {0 me 19 be
the best.  ‘Fhe countedfirts, in both profiles, might be equal.

® M. Gay du Vernon, a French enguaeer, employed as professor of forti-
fication, at the Polvtectiuic Schiool at Puoas, in a work, published in 1805,
entided, “ Trate Blementaite d'Art Militaire et de Dortification,” is the
first writer, to my knowledrze, who has recommended the countersloping
profile ; but m so doing, he begins by remarking, that it had been already
proposeld by several engineers, whose names he does not specify. He
allows, to his scarp and counterscarp revetments, an exterior slope of one
twenticth of the heicht, and a counterslope 1n steps, equal to onc eighth of
the hewght, s0 that the additional thickuess, gained towards the bottom by
this construction, is rather more than one sixth of the height. He varies
the thickuess at top of lus scarp revetinent, at different heights, and in the
same proportion nearly that was recommended by Belidor, aund he allows
rectangular counterforts to it, at fixed central intervals, of about 16 feet
4 iuches; but he makes his countersearp revetments, of uniform thickness
at top (about 3 feet, 104 inches) and without countertorts, which 1 conceive
to be a very faulty construction.

‘I'he first instance of a countersloping revetment, actually executed, that
has come to my hnowledge, is the gunwhart wall at Portsmouth, building in
1709 and 1800, which, besides a certuin exterior slope, has steps in rear
cquivalent to a counterslope, but I do not recaollect any of the details.

The sea-wall, building at Liverpool in 18006, is a second and more
complete example of this kind of profile. It was 30 feet high, 7 feet 6
inches thick at top, and 15 feet thick at bottom, with an exterior slope of
one twelith, and a regular counterslope (without steps) of one sixth of the
height. It bad counterforts, 15 feet wide, placed at central intervals of
86 feet part. 'Fhese counterforts were 27 feet high, and 15 feet long at
the bag€, which length is continued to the height of 15 feet upwards: from
thedte it is reduced by three successive ofisets, nearly equal in width, and
at intervals of 4 feet in height, to 4 feet 6 inches, which is the length at
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favour of the countersloping profile, is the result of conviction,
ansing from the experiments made with a view to investigate the
subject ; for, until these were tried, 1 must confess that I doubted,
whether it would have sufficient strength to render it an eligible
pmﬁle for practical purposes, notw xthstandmg the great advautage
of its exterior perpendicularity. At that time, there appeared to
me good grounds for believing, that a leaniug revetment would be
found to be the strongest. And, indeed, but for the serious dis-
advantage attending its exterior slope, this last-mentioned profile
would be excecdingly well adapted for works of fortification,
because, from its having an uniform thickness throughout, it is
more substantial at top, than either the sloping or countersloping
. Tevetment, and consequently has a greater power of resisting an
enemy’s batteries,* for in breaching the revetments of a fortress by
cannon, there is no necessity, whatever, for firing at the lower part
of the wall ; because, when the upper half of a rcvetment is bat-
tered, the stones, or bricks and rubbish, knocked oft by the balls,
fall down at a considerable slope, and bury the remainder of the
wall entirely, forming a practicable ascent throughout. It is,
therefore, not surprising, that the leaning revetment has been
recommended by many wniters,+ but I know only onc instance of

top. Thus, not only the revetment, but also the counterforts, are counter-
sloping, the latter, towards the top, in a more than usual proportion, for
the steps there are equivalent to a counterslope, whose base is seven eighths
of its height. Large masses of freestone were used in the construction
of this wall, which was built by tide work.

® It may herc be remarked, that, it would be very ill-judged, if, with
a view to resist cannon shot more effectually, any cngincer, in planning
a fortress, were to incrcase the general thickness of masonry, beyond that
dae propomon, which is sufficient for resisting the pressure of earth, and
insuring the durability of the work. For, in a warmly contested siege, it
is ot to be expected, that above 100 running yards of revetment should
be battered, whereas the outline of the reveted works of a large fortress
my be several miles in extent. A

t Speckle, a German writer before mentioned, recommended leaisaz
revétments of aniform thickness throughout, There is rcason to believe,
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its lnvmg been used in a profile of respectable height : I nllude to
the fortified town of Sedan in France,* a bastion of which, on
being pulled down in 1805, was found to have been reveted in the
following manner :

‘The walls had a perpendicular height of 32 feet, and parallel
slopes of one-fifth of their height, both in front and rear; but
instead of being made of uniform thickness, according to the usual
custom, every portion of the back of the revetment, between two
adjoining counterforts, was laid out in the form of a semicircle,
80 that these parts were built like concave semicylinders, the least
thickness being 5 feet 4 inches, which was equal to one sixth part
of the height, and the greatest thickness being 10 feet, 11 inches.

that Coehorn used leaning revetments, whose exterior slope was rather
greater than their overbanging slope, so that they were somewhat thicker
at bottom than at top. Charles Bisset, a British engineer, who served
with the rank of lieutenant, in the famous defcuce of Bergen-op-Zoom in
1747, and who appears te bave closely studied the works of Coehorn, in
his Treatise on Fortification, published a few ycars afterwards, recommends
leaning scarp revetments, 4 feet thick at top, and having an exterior slope of
one third, but an overhanging slope of two fiftcenths of the height only, so
that the masonry gains in thichness towards the bottom, in the proportion of
one fifih of the height. His counterscarp revetments he makes only 3
feet thick at top, but similar o the above in other respects; and in both,
iustead of counterforts he proposes to use horizontal courses of flat stones,
projecting about 3 feet from the back of the revetment,. thicker some
inches in rear than in front, so as to form a dovetail, their least thickness
heing about 5 inches, and perforated by two or three holes, for picketing
them into the mass of supported carth by oak stakes. He proposes that
these binding stoncs, as he calls them, should be engaged about 1 foot in
the masonry of the revetment, and that {here should be one horizontal
course of them in every 8 or 10 feet of height.

If leaning revetments were to be uscd in military works, it may be,
remarked, that one of uniform thickness, with common counterforts, and
with a skaller exterior slope, would be preferable to the above.

® The works of which are supposed to bavp been constructed by Pasino,
an Italinn cngineer, who publisbed a book on fortification in 1579,
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Behind these semicircular portions were counterforts, 3. feet 2}
inches wide, and placed at central intervals of 14 fect 5 inches
apart: they were vertical in rear, being 4 feet long at top, and
10 feet 5 inches long at bottom; so that their mean length was
equal to 7 feet 2} inches; and consequently, on taking a con-
tinued section right through the revetment and one of the counter-
forts, the mean thickness or depth of masonry, measured fiom
front to rear, was 18 feet 13 inch, which was in the proportion of
rather more than ysths of the height.* The annexed figures, in
_which the corresponding parts are distinguished by the same
letters, represent a section, and a foundation plan, of the revet-
ment, which has just been described.

____L_L__ L Loy
[
But although the above sivgular profile is the only right-lined

Jeaning revetment of any magnitude, of which I can find an
account,} profiles of this description, on a small scale, have been

® I bave taken the above dimensions from Colonel Mayniel's work, but

corzecting, by help of one of his plates, an error, which appoars to bave
" cyept into his text, regarding the length of the counteiforts.

+: 1t is true, that, towards the right of Chatham lincs, both the scarp and
counterscarp are faced with leaning brick revetments, about 8 feet thick,
and_having slopes of rather more than onc third, without counterforts.
But although the beight of thc scarp revetment, alluded to, is not less than
84 feet, it is to be obscrved, that, on both sides of the ditch, the walls are
built against chalk rock, which has no tendency to fall ; and, therefore, this
example does not aflord any rule for revetments, intended to suppart com-
mon " earth; particularly, as in all those parts where the chbalk p; oved
nnsound, a greater thickness of masonry was added. .
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in constant use.  For example, n Fort Cumberland, near, Ports-
mouth, all the interior slopes of the parapets, as also the cheeks
of the embrasures, and the extremities of the various portions of the
banquette, are reveted by leaning brick walls 14 inches thick, with
slopes of §th*®  The interior slopes of the parapets of the covered
way, and of the traverses, in permanent works, arc also frequently
reveted in a similar manner.

The use of brickwork for the smaller revetments of fortified
places, such ay have been desc ribed, 1s very common, and as fnr
as economy . concerned, 1t is certainly preferable to sodwork,
which has also frequently been uead for the sume purpose ; as the
latter s (xceedingly tionblesome - execution, and requires con-
tinual repairs.  Having wtoduced this subject, 1 shall remark,
that of many forms which have been proposed, rectangular sods,
about 8 inches wide, and 16 inches long, to be built headers and-
stretchers, hke common bricks, are the best: and that sod revet-
ments, when such are used, ought not to have a less slope than one
third of the height ; for if built steeper than the above proportion,
the woik will soon decay, even if the revetment were capable of
standing, which is not likely.

* The parapets of this work, which are formed of earth, bave also an
exterior brick revetment, 4 feet lugh, 2 feet 9 inches thick at top, and 8
feet thick at bottom.

In the interior revetinents of the parapet, described in the text, the
foundation is ahout 1 foot decper than the base of the banquette, the tota)
height of brickwork being 8 fect 6 inches; so that in those parts, where
therc are no embrasures, nearly onc balf of it is buricd. The foundation
is 1 foot 8 inches thick : the thichness of the remainder of the wall being:
reduced by offsets to 14 inches, at the Leight of about 1 foot 3 inches frou
the bottom.

& .
+ These remarks are made from experience, having mysolf, unsUCCEss-
fully, tried steeper slopes, and other forms, such as triangular sods, trapewoids,



6668 ELEMENTARY FORTIFICATION. cHaPr. xxvI.

As small brick revetments, although much more durable than
sodwork, are mot convenient, when works are actually attacked, a
better mode than either, in large fortresses, at least in those parts
where there are no embrasures, will be to form the interior slopes
of the parapets with a base equal to the height, by which means
they will be able to preserve their form permanently, although
unreveted. In this case, the perpendicular height of the parapet
must be $ feet 10 inches, or 4 feet only, and the width of the
banquette not more than € feet. And the same profile may be

ﬁp:d for the salient places of arms, and branches, if not for the
of the covered way.* The scction of the pmapet of a

&o. which bave often been recommended with aa idea of economizing that

In building with sods, the grass is laid undermost, and wooden pins are
generally used to bind the work together. Each course is usually
about 2} inches bigh, so that 24 sods will build 10 running feet in length,
and 1 foot in beight, of sodwork; by which proportion, the number of
sods necessary for reveting any purt of a work may easily be calculated.
If the grass is good, 100 snperficial feet of ground ought to furnish 119}
sods of the dimensions stated in the text, but in this last calculation, I
bave made no allowance for waste, so that 1 sod per superficial foot of
ground, would probably be a proper estimate. Sods cannot be cut by the
common spade, without great waste both of time and materials. Two sod
apades, both of a pointed form, are necessary for this purpose, a small one
0 be worked vertically by the foot; and a large one {0 be pushed borizon-
tally forwards, by the haunds and thighs.

To build sod revetments, properly, is one of the most tedious operations,
jim-which men can be employed. Stone or brick walls may he constructed
with wuch greater celerity, and with much less expense of workmanship.
Indeed I bave found by experience, that thrce or four batteries for beavy
gund; might he commenced and finished with fascines or sand-bags, in a
much smaller space of time, than proved necessary, merely for reveting
with sods one single battery of the same description, afier all the laborious
parts of the work bad previously been completed.

- ® This arigedibnt, to which I do not sce any serious objection, parti-
eularly if the covered way is palisaded, would, if adopted, lead to the nse
sof 1obk traverscs, in licu of the present more common form. .
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curtain, or other work of a fortress, 80 regulated, is exemplified
!ny the aunexed sketch, in which the dotted lines show the steeper
interior slope, and broader banquette mare commonly used.

’

It will be evident, by inspecting this figure, that the profile, now
suggested, which is much cheaper than any other mode of
construction, will be sufficiently convenient for the use of m
quetry ;* for if an enemy attempted a sudden assault, the ban-

* The same profile will be equally suitable for the parapets of field
works, intended to be defended by musquetry, if materials for reveting
them are not to be had, or scarcc.

With a simlar view of economy, some French authors bave recom-
mended, for the interior of the parapet of a fortified place, a very different
profile, from what I bave suggested in the text; for they propose to lay out
the above part of the work, without any banquette, in one continued
slope, whose hase shall be a little greater than the height, as represented
by the linc, a b, in the following figure ; alleging, that the banquette may

C TN
DN

— T T e
<00 be formed, in case the fortress should be attacked, by scarping away
the upper pait, d e b, of the above slope, and applying the materials, thence
obtained, to the bottom of the same, in the form, ea d. (See Bousmard's
Estai Giénéral de Fortification, and St. Paul's Traité Copplet, &e.)

A very little reflcction may serve to convince the reader of the glaring
defects of the system, now under consideratien; for, if a place, whose
parapets were so constructed, wero suddenly '"Mkabyf‘““' it is
cvident, that it wonld be quite impossiblc for the annoy the
enemy by a fire of musquetry, uuless they climbed upon the top of their
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quettes are in such a serviccable state, as will enable the defen-
der’s troops to act to advantage : if, on the contrary, he should lay
regular siege to the place, which is a work of time, the profile of

own parapets, and formed there; in which case they would themsclves be
more cxposed than the firing partics of the assailants.

Anidea bas becn suggested by Capt. W. Reid, of the Royal Engincers,
that in certain peculiar cases, the intenor of a parapet may be formed
withoat any banquetfe, not in the mode, which has just been commented
dpon, in which the slope is too steep for the movements of troops, but at

" uch greater slope, such as f'b, baving a basc of about three times its

ht, so as to be practicable for men throughout its whole extent. IF
this plan were carried “into effect, it will be evident, that a soldier, after
advancing to a certain height up the slope, will come to sume point, b,
where he will be able to fire ever the parapet, and yet derive considerable
oover from it, azuinst an external encmy ; and 1o an assault, a body of the
besieged may move forward in good order, and chaige the head of an
escalading party.

Captain Reid particalarly recommend. tln-. profile for the salient places
of arms, and the adjoining braaches of the covered way of a regular
fortress, which parts «f the covered way, he conceives, ought not to be
constantly occupied nnd manned, as a defensise post for troops during the
course of a siege ; and, conscquently, that they should neither be palisaded
nor traversed, according to the common system.  If »o constructed, the
above-mentioned portions of the covered way would serve for assembling
ihe troops, destined for a sortie, who might march out from thence in large
bodies, both of cavalry and mfantry, regularly formed for the attack, n-
stead of dcbouching by small scetions from the common sally ports:
and, after the affair was over, they would also have a gieater facility of
retiring in good order, suppoited by i1eserves, posted in the re-entering
places of arms, which are the only patts of the covered way supposed to
be pdfisaded and retrenched.  In a covcied way, comstructed according
to Capt. Reid's system, if we suppose the height of the crest of the glacis
above the gencral level to be 7 feet 6 iuches, and the total width,
measaring from that point to the biink of the countersearp, to be 31 feet
6 inches, the base ¥ the reveise slope of the glacis ought to be about 22
feet 6 inches, which is in the pioportion of three times the height; for
experience has sigwn, that wer: cannot conveniently act on a much steeper
slope, if the @i ceeds 8 lect.  llence there would remain, towards
the rear of the covered way, & level space of 9 fect ouly; but as the
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any part of the fronts attached may very easily be altered, if it
should be judged necessary, to the more common form represented
by the dotted lines.

CHAP. XXVII.

THE SAME SUBJECT CONTINUED.—OF TLI MODES OF
SECURING UNFAVOURABLE FOUNDATIONS, BY MEANS
OF PILES,&¢. —COFFERDAMS AND CAISSONS EXPLAINED.
—REMARKS ON THE THEORY OF ARCHES. .

Having, *.1 the three preceding Chapters, fully discussed the
gencral’ principles, according to which the form aud dimensions of
revetments ought to be regulated ; it now only remains to explain
the mode of securing their foundations in unfavourable soil. In
treating this part of my subject, I shall not enter verv minutely into
details, as the consideration of these belongs rather to Practical
than to Elementary Fortification.

slope in front of it would also be petfectly practicable for every movement
of troops, the narrowness of this space is not an ovbjection. '

As applied to the advanced portions of a covered way, the suggestion,
which has just been stated, appears worthy of attentiou. With respect to
the parupets of defensive works, we found, on trial, that there is a very
scrious disagvantagoe, in so great an interior slope ; namely, that the com-
mon means of securing men, posted in rear of a parapet, by sand-bags,
crennel baskets, &c. forming loophules for them to fire through, whilst they
rest their pieces on the superior slope, cannot be used to advantage, in
this new profile, unless the defenders were either to kneel in an incon-
venient attitude, or to lie down, which would be still more aukward. If,
in any case, it should be judged essential to have a practicable ascent to
the top of a parapet, I should therefore recommend, in preference, dividing
the height of the interior slope, as measured above the Icvel of a common
banquette, into threc equal parts, and at each of the two intermediate
points of division, to form a step of 1 foot in width. Lhbe rearof each step
should bo reveted with a conple of courses of fascines, 5o a3 To stand nearly

perpendicularly : otherwise, even this method would remove the banquctte

too far from the interior crest of the parapet.

-



670 ELEMENTARY FORTIFICATION. cuar. xxvii.

The unfavourable soil, alluded to, is that, which is of a soft
nature, so that, when loaded with any massy body, such as a sevet-
ment or substantial building, unless due precautions, which shall
be described, are pieviously taken, it must necessarily give way
under the weight ; and as such soil is seldorh of an uniform nature,
it will yield in some places more than in others, so that the walls,
being unequally supported, will crack in various parts, and certain
portions, being scparated from the remainder of the masonry, will
slide forwards or fall; or if meither of these effects takes place,

atill the work will remain in a ruinons and unserviceable state.
" The best expedient for securing foundations, in such soil as
has been describe, is to drive down strong pointed piles of timber,
hooped at top, and shod at bottom with iron, at regular cential
intervals of from 3 to 4 feet apart, within the whole extent of the
space, that is proposed to be built upon. After these piles will go no
deeper, whether from meeting a stratum of more tenacious soil, or
otherwise, * their heads arc sawed off at any height judged most con-
venient, and are connected by transverse heams or sleepers, of proper
strength, of which there is sometimes a double row, forming a kind
of grating : over these are laid strong planks, scldom less than 4 inches
thick ; and upon this planking or wooden platform, is built thic
foundation of the required wall or revetment.  The piles may either

® Before the foandation of any great work is commenced, the nature ol
the soil beneath must always be examincd with great care, which is done
‘by probing with an earth borer, or large auyte, made fur the purpose,
baving its shank composed of a great number of joints of moderate length,

. screwing into each other, by mcans of which the operation may be con-
tinwed to any depth judged necessary. This instrument, being occasion-
ally pualled out of the ground, by a gin and tackle, or other convenicnt
machine, always brings up, in the hollow part of the augre, a specimen of
the lowest stratum of soil pierced by it. The persuns cmployed, in thus
sounding for # foulation, ought not to stop, on finding a hard stratum,

«. b as gravel, &c. bat should ascertain by boring dceper, whetlicr the

m of it is suficicnt to insure the safety of the proposed work.
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be driven iuto the ground vertically, or with a certain degree of
obliquity. The operation is performed by means of an engine
named a PILE DRIVER, in which a great weight, called THE
MONKEY, or somelimes the ram, is raised to a considerable
height, and then suddenly dropped upon the head of the pile,
which process is repeated, as long as it continues to pro&uce auy
effect.  Thus the foundations of revetments, or other walls, so
sccured,are in reality supported by the piles, not by the surface
of the mud or soft soil, with which the planking beneath them is
in immediate contact. And as the force of percussion, by which the
piles are originally driven, is much greater than the mere pressure of
dead weight, it follows, that if the pilesare of proper strength, after
each of them shall have been driven as far as it will go by the
former force, by means of a pile-engine of sufficient power, there is
no possible weight of masoary, which can afterwards be brought to
press upon them, that will be capable of sinking them deeper.®
Hence a revetment may derive asmuch security in soft soil, from =
properly piled foundation, as if it had been built upon solid rock.
When piles are used in foundations, the total number necessary,
togetber with their thickness or strength, ought, of* course, to bear
a certain proportion to the weight of masonry, eventually to be

® Mr. Perronet, a civil Engineer, who executed some of the finest
bridges in France, in his * Description des Projets et de la Construction
des Ponts,” &c. asserts, that the shock of a monkey of 600 Ibs. weight falling
4 French feet, is equal to the pressure of a weight of 773,000 Ibs. French:
Lut he grounds this opinion solely, upon an experiment, tried by another
Frenchman, who is said to have aseertained, that a body weighing only 2}
Ibs., if dropped through a height of 7 inches, will produce an effect equal
to that of a dead weight of 4001bs. I conceive, that it would be desirable
and useful to have some experiments for investigating this subject, tried
on a larger scale; for in the above, both the weight of the body drepped,
and the height of its fall, appear to me too insignificant to afferd sutiy-
factory grounds for calculating the effect of such great weights, as ave
commonly used in pile driving.

"
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supported by each, which may cisily be caleulatcd. ® The strengih,
proper for each pile, must also, iu some degree, depond upon the
nature of the soil, for it must be evident, that whea that has not

* For example, 1f the scarp revecments of the inclovire of 4 fotited
place ure founded upon piles, placed at intervals of 3 teet aput, there
will be vne pile to every supeifesal vard of foundation ; and couscgrenthy,
if the height 1x supposed to be 30 feet or 10 yards, each pode wili bave to
support 10 cubic yards of masonry ; to some of wlich may be added Wt
S cubic yards of carth, if the profile 1s partially reveted. without @ bherm.
Now, if we suppore the revetment 1o be buiit of stone, woghimg 100 [he,
per cubic foot; and that the carth above it weighs 100 1hs. per cabie fooi; the
weight pressing upon onc pile will be 13,2001bs. of masonry, and 8,10 lhe,
of earth: total, 51,3001bs.

In the foundation of bridges, the piles under each pier are more loaded
than those of a common revetment, for they bave not only to support the
weight of masonry, resting vertically over them, but also that of one com-
plete arch. For example, in the bridge of Neuilly, near Parnis, consiueted
by M. Perronet, the arches of which are 128 teet span ( Lnglish measure)
the weight of masonry resting upon the foundation of cach picr is equal to
about 15,417,648 Euglish pounds, which being supported by 135 piles, the
weight pressing upon cach pile is consequently equal 10 about 114,201 b,
These piles were of oak, and about 124 wches mean diameter, and cut off to
the average length of about 13 feet, atter being driven home.

Mr. Perronet is of opinion, that round oak pules, such as have geneially
been used in France, it of § or 9 inches mean diameter vily, should not
be loaded with more than 50,000 Ibs.; but that piles of 12 inches mean
diameter may be loaded with 100,000 iis. each . and that generally speak-
ing the weight to be supported should Le it proportion to the square of the
diameter of the pile nearly.

It will be obvious, that the monl.ics used for driving fi undation piles, if
dropped from an equal height, should be in ditect proportion to the weight
of masonry even'ually to be supported. Monkies of various weights, from
1000 to 2000 lbs. have commonly heen used for this purpuse.  Those ge-
nerally employed at the bridge of Nenilly were of different weights, from
about 1160 to 1530 English Ibs. ; and were worked by pmstics of from 36
to 47 men, pulling together, by means of small ropes attached to u great
or principal rope, who did not raise their respective mookies more than
about 4 {eet 6 inches at the utmost, previously to each blow. Hence on
a reference to the other particulars, before stated, the execution of the
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sufficient consistency to prevent the upper part of the piles which
are dnven into it, from bending or moving laterally, wheu acted
upon by a certain force, they might, if their thickness was incon-
siderable, be hable to be bent or broken, somewhere towards the top,
by the superincumbent mass of masonry, notwithstanding that they
might remain perfectly well secured at bottom.*  Hence the piles

bridge of Neuilly may be considered as a practical experiment, on a great
scale, proving that the shock of a body of about 1200 Ibs. falling through a
space of very httle more than 4 feet, is supenor to the action of a dead
werght of rather mare than 114,000 ths,

In driving pules of fiom 48 to 33 feet long, and from 21 to 25% inches
thick at the top, such as formed a part of the piers of a large wooden
bridge at Naumur, we are informed by the same author, that it was judged
necessary 10 use monkics wenghing about 4320 English pounds.  This was
owing cluefly to the extraordinary thickness of the piles.

Pile engines worked by a great number of men, by foree of hand alone,
arc called, by workmen, RINGING PILE ENGINEs, to distinguish them from the
commou pile engine more generally used in this country, in which the
monkey 1s raised to the height of from 25 to 80 feet, by the labour of four
men, aided by machinery. In the former kind of pile driver, which bas
almost always been used in France, 1 am not aware that the monkey has
ever been raised more than about 4 feet or 41 feet at the uatmost, according
to the system before mentioned, winch practice must of course be very
prejudicial to the effect of the engine ; and a perseverance in it can there-
fore only be asctihed to the power of old habits; for it must be evident,
that by a diflerent arrangement of men hauling, the weight might be raised
by them to any given height, whether aided by a mechanical power or not.

The apparatus for warking the pile engines, commonly used in England,
is very compact and simple. It consists of an iron wheel and axis of
moderate size, worked by a small iron pinion, to which, motion is commu-
nicated by a couple of winches. The fall, or lower end of the chain, by which
the monkey is raised, is attached to aud winds round the axis of the wheel.

* One of the piers of a bridge at Tours, supported by 65 oak piles,
8 feet long, amd_about 94 inches mean diameter, suddeunly gave way in
1777. The weiffit of masonry pressing upon each pile, at tbe period of the
accident, is calculated, by Mr. Perronet, to have been equal to about
166,212 English Ibs.; which, according to his opinion, stated in the pre-
ceding note, was more than double of what ought to have been applied
to piles of that scantling. They were firmly fixed at bottom, in very

VOL. I X X



674 ELEMENTARY FORTIFICATION. cuar. xxvit

used for supporting a revetment, i very soft soil, ought to In
thicker than others of equal length, intended to support a simila
revetment founded upon soil, whose upper surface hns: greatei
degree of tenacity.

As a further precaution for securing piled foundations, it is alsc
usual to clear out about 18 inches of the mud or soft soil, and tc
fill up the vacant spaces, thus formed between the heads of the se.
veral piles, with rough brickwork or rubble masonry, which 1s car.
ried up to the same height as the top of the sleepers or grating, s
as to correspond with the level proposed for the bottom of the
planking.

But to enlarge upon the proper dimensions and use of founda-
tion piles would lead us too far mito detal. I shall therefore only
remark, that in revitments, such as are applicable to military
purposes, it can never be necessary to use piles more than 1 foot
in mean thichnesy, or to place them nearer to each other than at
central intervals of 3 fect; for expenience has proved, that piles, so
regulated, if driven by engines of sufticient power, ate capable of
securing the foundations of much greater masses of masonry, than
are ever used in work-~ of fortitication.

It is moreover o be remarhed, that there have been many instances
of revetments shding forwards, in conseguence of the pressuie of
earth in rear of thiem, when built upon very bad foundatious.*®

tenacious sail, but the reizinive pots of them, towards the tep, derived
little or no aid from the surronnding <, which was of a soft quality.

It is obvious that piles m this predicament, supported at bottom only.
may be compared to wooden pillars, in architecture, the thickuess of which
mast always be increased in proportion to their height, although there
may he no difference in the actual weight to be supported

® The searp revetment of the face of a ravelin stided into the middie of
the ditch at Bergnes 8t. Vinoy, in Flanders, about the beginmng of the
Tasf century ¢ part of the old wharf at Woolwich slided forwands into the
Thames aboat the year 1750: and at Juliers, a counterscarp revetment.
«aid to have been constructed from time immemorial, suddenly slided upor
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It is therefore not sufficient towards the stability of a profile, that
the piles have strength enough 1o sustain the whole weight of
the m:n'mn_v, and prevent it from sinking ; unless further precau-
tons are also taken, to render it impossible for it to slide forwards
upon the platform, which scrves as its base.

In order 10 effect this object, a contmued line of exterior piles,
nearly touchmg each other, 18 sometimes duven, immediately in
tront of the 1evetment, the heads of whech, by projecting a little
Ingher than the bottom of the masonry, will of cource effectually pre-
vent it fiom imoving.  Sometimes strong timbers, Lud longitudinally
all along the foot of the wall, are used for the same purpose, which
must be fiimly counected with the extenor piles or grating 3 but in
this case it 1s not necessary, that the extenior piles should be driven
near to cach other, av in the former method : consequently the pre-
sent 15 the most economical evpedient of the two. Instead of
commencmg  the work hornzontally, according to the practice
which 1s common and proper, in walls not intended to retain earth,
K., the foundations of revetments, particularly in bad soil, should
always be lad out according to an inclined plane, which must
necessanly assist greatly m counteracting the above tendency ; and
when this anungement s adopted, a part of the supporting piles,
particularly those towmds the front, should be driven obliguely, in
a direction perpendicular to the said plane, or nearly so.  These
obvious principles have, of late, been generally acted upon by

Piactical Engineers.

its foundation, m 1807.— (Sec Behdor's * Science des Ingemeurs,” Muller's
* Practical Portification,” and Maymel's * Traitd,” &e.)

From a similaggause, it has often happened, that even the sides of hills,
consisting of’ cun&ernble tracts of land, and covered with houses, gardens,
&c. have shded to a consulerable distance, when the natural stata below
the surface have been obligue, so as to form inchned planes, falling towards
aravine or valley. Such accidents are most likely to be caused by internal
water acting upon an iuclined stratum of clay. A memorable accident of
.bis Kkind happened in France, in 1733, at Pardimnes, near lswnra, in

Auvergne.
x x 2
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It is to be remarked, that a coutinued line of piles, touching cach
other, driven along the front of a wall, &c., either contiguous to,
or at some small distance from, the foundation of the work, with a
view of securing it, as above stated, are called sHERTING piles, in
order to distinguish them fromm common foundation piles, &c,
and when this term is used, it always imples half piles, if nothing
is specified to the contrary.

As such very bad foundations scarcely ever occur, excepting on
the sea shore, or on the banks of rivers, or in marshy situations,
where harbours, wharfs, bridges, or fortresses with wet ditches are
to be constructed; it has almost always been found necessary, in
executing such works, previously to inclose the spot, intended for
the foundation, by a dam, and to clear out the water from it; an
operation which is often the greatest difticulty to be encountered.

The dams, made for this purpose, are called coFFERDAMS.
They are commonly formed by driving down two continued lines
of piles, parallel to each other, at a certain interval, to any depth
judged convenient, and afterwards filhng up the intermediate
space with clay. The piles used in cofferdams are either called
WHOLE OR HALF PILES, according to their scantlmg. The
former are from 12 to 16 inches square. The latter are rectan-
gular, being of the same width as the former, but only from 6to 8
inches thick.* In commencing a cofferdam, the general line of the
work is determined, by driving strong piles opposite to each other in
pairs, at intervals of about 10 fect apart. These serve as guides for
regulating the others, which may either be composed of whole
piles, or entirely of half piles, according to circumstances, the
latter being used in preference, for the sake of economy, when-
ever the pressure acting upon the cofferdam is inconsiderable ;
but, whichever kind is used, thcy must always b#driven as close
to each other as possible. CoFFERDAM PILES are sometimes
grooved longitudinally, or vLOWED, as it is styled, on two op-

¢ When the thickness is less than 6 inches, thcy are sometimes calle®
pile planks,
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posite sides, for receiving a vertical rod, called A ToNGUE, which
conuects every adjoining pair of them together ; and any P1LING
thus connected, 13 said to be DOVETAILED.*

Each line of cofferdam piles is strengthened near the top, and
also towards the bottom, by strong beams or ribbands placed
horizontally, and firmly spiked or bolted : and the opposite sides
of the cofferdam, which inclosc the space intended for building,
must be connected and braced togcther by strong transverse
timbers, butting against the said ribbands, to prevent the piles from
being forced out of their proper position, by the pressure of the exter-
nal water ;+ and when the length of these timbers is considerable,
they must cither be supported by intermediate uprights, or if that
1s not convenient, they must be trussed, as it is called, according
to the principle, which it has been found nccessary to adopt, for
strengthening the tie beams of the roofs of large buildings. Iron
bolts, penetrating through the mass of clay, &c., of which the
body of the cofferdam is formed, arc used at certain intervals, for
connecting the opposite piles and ribbands, both towards the
bottom and at top.

When the depth of water is considerable, it is absolutely neces-
gary, that the body of the cofferdam should have a certain thick-

® This cxpression is used without any refercnce to the form of the
tungues, which are usually rectangular or ncarly so. Sometimes dove-
tailed piling has been exccuted by using piles, plowed on one side only,
and tongued on the other, which method is, of course, attended with
greater waste of timber than the former.,

t In forming a cofferdam, after the first or guiding piles of each line are
driven at open intervals of about 10 fect, as was hefore stated. one or two
pairs of horizontal ribbands are fixed to them on both sides, opposite to
cach other, between which, grooves are of course formed; and through
these grooves, the internediate piles are afterwards driven, which arrange-
ment is of great use, by confining them in their proper position during the
operation. Such of the ubove ribbands as would interfere with the clay,
or other material forming the body of the cofferdam, may afterwards be:
removed, the remainder being left, for the purpose stated in the text.
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ness, and weight, in order 10 enable it to resist the pressure of the
external fluid, especially if it is, at the same time, evposed to the
direct action of tides or currents : and clay, as bemg a watei-tight
substance, has generally been adopted for that purpose, as was
before stated.  But it having been found, that 4 mass of «lay was
liable to suell, and to bulge or bre:k the cofferdam pies, withi
which it was inclosed, this matenial has i some cases been
rejected, and bricks have been chosen in preference.  These, by
their weight, are well calculated for resisting the action of the
excluded water, and being luid 1 horizontal courses, they have
no tendency, hke clay, to wjure the woodwark by a lateral pres-
sure, and consequently a brick cofferdam may be retamcd cliefiy
by half piles, whilst if clay were used, whole piles would be abso-
lutely necessary thioughont, for the security of the body of the
work.* Dut as the former material 1s not water-tught, like the
'latter, it is necessary, in formg cofferdams with biickwork, to
caulk the joints of the inclosing piles.

* Ihelieve that this expedient was fiirst resorted to, in forming the ecoffer-
dam for the picr walls of the new bason, now executing i His Majesty's
dockyard at Sheerness, by direction of Mi. Renme  The body of the coffer-
dam is retained by tw o parallel hues of piles, chiefly consisting of half piles, of
from 6 to 8 inches thick, intermined, i general, at ntervals of 10 feet,
with whole piles of double that scanthug: the strongest of both kinds,
and the greatest proportion of whole piles, bemg of course used in the
deepest water. These inclose a space of 6, orinsome parts of 7 feet, in
width, which is filled with dry biicks built in regular horizontal courses
mixed with fine sand; and in front, the base of the work is increased and
strengtbened by a mass of clav, from 8 to 12 feet wide, which 1s retained
by a third line of piles, also chiefly consisung of hall piles mixed with a
similar proportion of whole ones.  This part of the work is from 8 to 18
feet lower than the former, with the exception of the whole piles used in
it, which are of the sume height as those of the body of the cofferdam ; and
which serve 1o support tempoiary scaffolds, for the landing and stowage of
materials. ‘The joiuts of the principal piles are caulked. '

The clear width of the space, mnclosed for building, as measured from
front to rear, is about 471 feet. The sides of the cofferdam are braced,
interiorly, at intervals of about 20 feet, by two very stroug transverse tim-
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When the depth of water, to he excluded, does not exceed 20
feet, or thereabouts, at high water, and the line of work, to be
exccuted, is not exposed to the direct action of udes or currents,

bers or tic-heams, each about 45! feet long, one at the height of 4 feet,
the other generally at the height of about 21 feet fiom the top; both of
whieh are stiongly trussed together by iame work, and butt against hori-
zontal nbbands not less than 1 foot square, fined to the piles; to which
ubbands they are also connected by struls on each side.  Some of these
tie-heams aie, for greater stiength, tormed of <everal pieces of timber
bolted wogethere In proportion as the masoury nises, the lower tie-beams
are temoved, and shorter preces butung agaimat each side of the wall are
stbstituted instead of tieme Strong iron bolts, about 102 or 111 feet long,
passing thiough the bk work pnmerpal prles and nhbands, hiace the body
o the enitevdam, bo linear the top aud towards the bottom, at intervals
i 1o fect apei.

The top ot the extenot prer walbis every where onthe same general ho-
yzontal level, but the toundavion s kud out on difierent levels, arcordiné
to the depth of the external water,&e. Consequently, the height of the
portion o wall alveady excentedvanes from 15 to 32 feet. The piles, used
in the hody ot the cofierdam, are on the same Jevel, at top, with the pro-
posed masonry 3 awd their length vanes, m vanouns parts, according to the
height of the correspondiug portion of the wall: but, i no case, have they
been diven to a less depth than 10 feet below the fomsdation of the ma-
sanry, whiel is almoat every-where considerably Lower than the original
fevel of the bed of the tver. 1o those parts of the work, where the wall
is about 30 feet hugh, the average length of the prmeipal collerdam piles is
said to be about 50 feet: e other parts thewr leng s even more than the
ahove, pmttculily near the proposed entrance ol the bason, where, in
consequence of the greater depth of water.hc¢. some of the piles driven
are sard to have heen nearly 70 feet long.  In those parts, where the
depth s constderable, hefore the exceavation for the foundation of the ma-
sonry could be furmed, 1t was found necessary to secare bath the front
and vear of the coflerdam, mtenorly, by sheeting piles, driven a few feet
from the base of ite  All the wood woik, that has hitherto been men-
tioned, is of pine.

‘The revetment itself, which was alladed {0 in a former note, shall also
he described, it being the vuly example, to my knowledge, of a concave
fnffile, that has yet been exccuted.  The dinmensions, that shall first he
stated, are such as would all appear in a tiansverse scetion of the work,
supposed to be taken i that portion of the wall, where the total height
15 52 feet, through the middle or widest put of one of the cavities or
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:w against it, either perpendicularly or nearly so, a second
impler mode of effecting the same object may be adopted,

which is as follows.

cells. The front of the wall is a leaning curve, deseribed by a radius of
82 feet 6 inches, of which the perpendicular height is 50 feet 4 inches nearly.,
The base of the masonry 1s laid out in front, according to aninchned planc,
in the direction of the radius produced, 1o the distance of 4 teet 6 1nches,
within which space it falls about 1 foot 8 inches: after whieh the remainder
of it, extending 20 fect, 1s lawd out honizontally, the total thicknes< at the
base being 25 feet.  1n rear, the wall 1s formed with small ofisets to the
beight of at least 6 feet upwards, by whieh the thichness of the work is
gradually redueed to the dimensions that shall he stated.  Above these tfie
back of the wall is carried up perpendiculaily.  ‘The thickness of masonry
in front of the middle of each cellis 4 fect 6 inches: the cential width of
each cell is 8 feet 8 inches at top, but it mereases, towards the bottom,
. oonsequence of the leaning curve gnen to the fiont part of the 1evetment.
The celis are not continucd down so far as the base of the work, but ter-
sminate cach, 1n an inverted arch, the rise of which 1s about 4 feet, the
Jeast thickness of masonry below it being 2 feet.  The masonry in rear of
the cells is perpendicular on both sides, and of the umitorm thickness of
1 foot 10inches, above the level of the before-mentioned oflsets: and con-
sequently the total thickness of the work at top. as 1t appears i our sup-
posed section, is 15 fect,

The details, that shall next be sated, are such as would appear - a
plan of the work. The length ot the cells, wineh s supposed 1o he mea-
sured in a direction parallel to the general hine of the revetment, 18 17
feet 9 inches ; and they are divided from cach other by pattion walls
2 feet 3 inches thick, so that their distance tom center to centeg, is 20
fect. Infront and in rear, they are bounded by vertical connterarches,
abutting agaiust the said partition walls as pieis.  The span of the curve,
which forms the tront counterarch, 1s 17 feet, and its herght 1 foot 6 inches,
s0 that the greatest thichness of masonry in front of the cells 18 6 feet;
the least thickness, opposite to the centre of cach being 4 Iced 6 inches, as
was before stated. 'The spanof cach of the curves, which form the rear vertical
countcrarches, is also 17 feet, and the height of the same is about 3 feet ;
the thickness of masonry of these last-mentioned connterarches being ge-
nenally equal 10 1 foot 10 inches, as was before mentioned.  “Thus the noper
part of the work, as it appears in a plan, is bounded in 1car by a series of
arcs of a circle, so that it is of irregular width ; its greatest width at top
being 15 fect from front to rear, according to a measurement supposed
to be taken over the center of one of the cuils, as was before stated, and
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This consists in forming the cofferdam, by means of oug.con-
tinued single line of piles only, inclosing the space, that is to be built
upou. ‘T'hese piles, not being aided by a mass of clay, bricks, or

its least width at top being 12 feet, which last measurcnent is supposed to
be taken over one of the partition walls or piers. At bottom, the width of
the hase of the work varies from 22 to 25 feet.
1tas proper to remark, that the inverted arch, below each cell, is not a
simple arch, as it would appear in a central transverse section, but & kind
of uregular clhptical dome ; having a 1ise of 4 feet and a least thickness
of masonry of 2 feet below the crown, as was bhefore stated. 'T'he front of
the wall 1s built with large blocks of Aberdeen and Cornish granite, in courses
of 18, 15, and 21 inches 1n heizht, the joints of which radiate from the same
center, wherewith the extenor curve 1s deseribed. AWl the exterior bori-
zontal yoints arc chamfered.  ‘The remainder of the masonry, including the
vertical counterarches, and pieis, and inverted domes, is of brick work,
The cclls are filled with chalk laid in courses, and grouted, excepting at
top, where itas proposed to lay a continued paving of large flagstones, ex-.
tending over the whole work, for the sake of greater strength, The foun+
dations and front of the wall are entirely ccmented with puzzolana, which
is the best hind of water-cement known: and a proportion of the same is
also mined with the mortar and grout, used in the remainder of the work.
In other parts of the picr, where the height is less considerable, the thick-
ness of masonry m front of the center of each cell is gradually diminished
from 4 teet 6 inches to 3 teet, which last dimension is used in those parts
where the height 1s 15 feet; and there the thickness of the brick vertical
counterarches 1n rear 15 also reduced to 1 foot 6 inches: but the total
width at top is equal to from 12 to 15 feat, as in the former described por-
tion of the worh: and all other particulars hikewise remain the same, ex-
cepting that the width of the cells is of course greater and the base some-
what less in the low, than in the ligher portions of the wall; the exterior
curve being every where described by the same radius. It is to be ob-
served, that the upper course of granite, which forms a coping in front of
the wall, is no where composed of picces less than 4 feet long, although
the gencral thickness of masoury in front of each cell is in many partsre-
duccd toless than the above dimension, ashas just been mentioned. The
vertical joints of the coping are connected by joggles of the same material,
¥rom the details, that bave been stated, it will appear, that in its thin-
’ne{t' parts, the work described will have a base of from 11 ths to rather more
than }ths of its height, and a thickncss at top of from $ths to nearly } ot
its beight; so that there can be no doubt of its stability.
The soil, that was to be built upon, being a kind of quicksand under
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heavy material, must all be of the strongest scantling, with-
out any mixture of half piles, at least, when the depth is consi-
derable ; and peculiar carc must be taken, that the nibbands, and

wud, required particular precantions. The foundations have accordingly
been secured by round piles of beech and elm, each about 30 fect long,
and seldom less than 1 foot iu diameter, and driven at central intervals of
$ feet apart, so that there arc generally 0 piles i every running yard of
foundation, extending from front torear. T'he two most advanced piles ot
each file, which support the inchued part of the base of the masonry, are
driven obliquely, in a direction perpendicular 10 the mehned plane above
them: the remaiuder are diven vertically. In some parts. where the
foundation was peculiarly doubtful, the tront piles were driven in one close
countinued line, and arc plowed and tongued for the sahe ol greater secunity :
80 that the number of piles, per runming yard of foundation, is there greater
than the average belore stated.  Over the foundation piles are laid sleepers
‘of the same timber, all about 1 foot thick, amd not less than 1 foot wade :
which are covered by a platform of 3 or 6 inch planks, also of the same

.kind of wood, supporting the masonry. The intervals bhetween the

' sleepers, immediately beneath the planking, are filled with rag-stones and
sand. The monkics of the pile engmnes used, weighed about 11 cwt,

As a second example of a cofferdam attended with considerable diffi-
eulty. in consequence of the depth and rapadity of the water, in wiich 1t
is comnstructed, 1 shall briclly notice that which has been forined, prepa-
ratory to building the second stone pier of the iron bndge, which it is
proposed to throw overthe river Thames at Southwark.  The form of the
cofferdam is similar to that, winch will be given to the per atself, being
oblong and paralicl sided, but having the ends curved outwards, in order
to oppose the action of the tides. The principal piles are from 12 to 16 inches
square, and are said to be from 45 to 50 feet in length, and are driven all
rocnd in two parallel lines, without any mixture of hall piles, so as toin-
close a space of 5 feet, which being filled with clay, forms the hody of
the cofferdam. ‘T'hiese piles stand about 3 fect above highwater mark, the
strongest of them being placed in the outer line.

‘The basc of the coficrdam is widened and strengthened exteriorly, by
a third line of piling, cousisting chiefly of half piles about 7 inches thick,
which are about 10 or 11 feet lower at top than the others, so that they are
rovered every tide. The space hetween these aud the line of piling, be-
fore described, is alsu Gilled with clay, and varies 1n width fiom about 6 &
10 feet, it being widest at the ends of the coflerdam.  Intermixed with
these half piles, arc a proportion of whole piles of greater length, placed
at intervals of about 9 feet apart, wlhich cerve to prevent barges from in
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transverse beams, shall be of proper strength, and well secured.
In this kind of cotferdam, tongues and grooves, which are éene-
rally dispensed with in the former, are essentially necessary; and
the caulking of every joint must be exccuted with more than usual

care. ¥

janng the work, at high wafer.  Extra piles have also been added exte-
not!y. m some parts, for the sake of greater strength.  All the piles, that
have been deseribed. are said to be driven to the depth of 15 feet below
the natmal bed of the nver.  Tlus coflferdam is also strengthened by tie-
beams, nbbands, non bolts. &c., on the sime ponciple as the former one.
The intetior width of the space welosed by the cofferdam is about 48 feet,

The whole of the woodwork, litherto desenbed, is of pine. Round
beech piles, 20 feet long, and about 1 oot mean diawmeter, sleepers of the
same wood 1 loot thick, and from 14 10 18 inches wide, and 5 inch planks,
alsu of beech, were prepared for supporting the masonry of the stone pier,
the first coutse of whuch, I was informed, was to be laid about 8 feet
below the natural bed of the nver; and wiich was further secured by a
contmued line of sheeting piles of pine timber, cach about 20 feet long,
driven all round within the @ieat coflerdam, so as immediately to inclose
the space, that was to be bwlt upon.  These sheeting piles were driven
by nnging-pile engines worked by about 15 men, the monkies of which
weighed 10 or 5 ewt.  All the other piles, that have been mentioned, were
driven by common pile engines, wothed by 4 men each, the monkies of
which weighed about 13 ewt.

The above (xamples will seive as specimens of coflerdams on a great
scale ; but T'do not vondh for the strict accuracy of all the detailed dimen-
sions, as I have no plans orseetions in my possession, but took them partly
from observation, without actual measuwiement, partly from inquiries put
to the workmen, who e not always coneet in their information, as to
the details of works, in which they are employed. What T have stated
will, however, be sufhciently correet, to give a good general notion of the
manner, in which such wotks have been executed in this country.

*'I'his method was adopted in building the West and East India Docks,
and the wharf wallof the Royal Orduance Arsenal at Woolwich, which shall
afterwards be deseribed (See page 666 ).

In executing the latter work, a rectangular cofferdam, inclosing s space

_sbbut 100 feet in length, and 10 feet in width, was first formed ; and
whilst the line of masomy to be huilt within the above space was in pro-
miess, a sccond cofferdam of the same length was formed in contmuation,
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+ Whatever species of cofferdam may be adopted, pumps mu
be use for clearing out the water from the inclosed space, whic
in England, are always worked by steam engines;* but .
countries, in which fuel is expensive, other machines are often ust
for the same purpose, which it would be superfluous to mention.

When it is absolutely necessary, that water should he exclude

After the first portion of the masonry was built, the finished extremity of
it was connected to the front and rear of the cofferdam, by piles dnven
across the intermediate spaces, with the same precautions as the others,
which being done, the original transverse line of piling that divided the
first from the second cofferdam was removed. And thus, i every coffer-
dam, excepting the first, the fimshed portion of the wall itsclf, eventually
became a part of the inclosure, by which the water was excluded. The
game principle must be followed in exccuting all continued lines of whar{
revelment, by means of coflerdams. In the pier wall at Sheerness, some
of the portions of the cofferdam were 270 feet long.

® In building a long line of wharf, it is always necessary to have the
pumps near the extremity of the work, for which reason they must be
moved from time to time, so that they may sometimes stand more than a
bandred yards distant from the engine, by which they are to be worked.
The most convenient mode of communicating the power is by an endless
chain passing round a couple of wheels or cylinders, one of which is at-
tached to and moved by thc steam engine, whilst the other works the
pumps. 'The upper and lower portions of the chain are each supported in
a position nearly horizontal, by being made to pass over large pullics, fixed
to frame work erected fur the purpose, at intervals not exceeding 30 feet.
In proportion as the pumps are moved, the chain is lengthened. This
method has been used in exccuting the pier-wall at Sheerness before de-
scribed, in which the pumps are worked by a steam engine cqual to a
14-horse power. The engine used for the same purposc in building the
new wharf-wall at Woolwich was equal to a G-horse power.  In building
the first, and in commencing the second pier of the proposed iron bridge
at Southwark, a 14-borse-power steam ongine was used, which proving
insufficient for clcaring the foundations of the latter pier, a 16-horse-power
engine was ordered iu addition ; but on trial, one half of the said additional
power was found to answer. It will be obvious, that great varieties in wi
power necesssry must often he expected to occur, in draining the foun-
dations of extensive works.
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and at the same time the soil to be built upon proves, on due ex-
amination, of so favourable a nature as not to require piling, the
foundation of any mass of masonry of inconsiderable extent' may be
executed by means of A cAissoN, which is a strong water-tight,
flat-bottomed, wooden vessel, open at top, and a little larger each
way, than the base of the proposed masonry, the dimensions of
which will consequently determine its form. When this mode is
decided upon, the spot, chosen for the foundation, is previously
levelled, and cleared of superfluous soil, by the dredgiug machines
usually employed for that purpose, in rivers and harbours; which
being done, the caisson is towed into its place, and sunk, by letting
in the water: and if it appears to be well placed, the water is
pumped out, and the masonry commenced by building upon the
bottom of the wood-work, the sides and ends of which, being
originally prepared with that view, are eventually removed, when
the work is raised to a sufficient height. This method, which was
used in founding the piers of Westminster and Blackfriars Bridges,
is not suitable for military revetments, or other long continued lines
of masonry. *

* The foundations of the piers of Westminster and Blackfriars Bridges,
as also that of the new iron bridge, near Vauxhall, were all cxecuted by
means of caissons of arectangular form ; but although each of these works
succeeded, it may be remarked, that the difficulties of the execution would
probably have been much diminished, if the ends of the caissons used had
been differently constructed, so as to oppose angles or curves, instead of right
lined perpendicular surfaces, to the action of the tides. As for rectangular
caissons or cofferdams, for the piers of bridges, I conceive that they ought
always to be rejected, excepting in still water.

In building the foundations of works, in tide rivers and harbours, the
coflerdams or caissons used, are not always raised to such a height, as
entirely to exclude the water at all periods of the tide: but are sometimes
only made a few feet higher than the common low water mark. In this

~Gasc, the water is pumped out about the time of low watcr, to such a depth
as to allow the masons to work, who continue as long as the tide will
permit them. Masonry, thus executed, is said to be built by tide-work.
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- Of late, the diving bell has also been used to advantage in
this country, for preparing the foundations of walls to be built un-
der water, when it has either been judged incouvenient or imprac-
ticable to form coflerdams.*

The whole of the foundations of the revetments of the fortifica-
tions of Portsmouth and Portsea were secured by means of piles-

and the same expedient was " ;
used in the new whart wall !
of the Roval Ordnauce Ai- f
senal at Woolwich. This "
last mamed work, of which i
the annexed figure represents I Con
the general <ection, having . |
no counterforts, has been .
bailt cousiderably tlucker, 1n
proportion to its heizht, than
the gencrality of woiks of |

the same description.  In PR

this profile the extcrior slope is ia the proportion of 4th; the wall,

T

* In another Government whatf, now wbout to be built at Sheerness, by
direction of Mr. Renuie, which, when finished, 1s to be given over to the
Ordnance Departmeut for a Guuwharl, no coflerdams aie to be used, hat
the foundation piles, when driven, arc to be cut off, and the slecpers
and platforn are to be fixed by workmen descending in doving bells; the
botlom being previous!y deared and levelled, if necessary, by the same
means. The stuncs prepared for the foundation ave about 10 or 11 fect
Jong. By means of a sumple prece of machinery, they may be lowered
intd the water with great mecty, nearly over the precise spot, where each
is to lie, alter which the workmen will descend and rectify their position,
if necessary, aud apply the ccnent, &c.  This iugomous expedient bas, I
am informed, been already used with success by the same civil Engincer,
under similar circumstances,in cxtending Ramsgate pier. I am not awase,
that the diving bell was ever before applied to any purpose of much pras-

tical atility.
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which is perpendicular in rear, is 22 feet in total height, foun-
dation included; and 9 feet thick at the top, and 12 feet thiek
at the bottom, at the height of ¢ feet above which, there is an ‘
offset of 3 inches; so that the mean thickness of masonry is very
nearly equal to one half of the total height. There are five lines
of foundation piles in the width of the section, ccrresponding with
the thickness of the wall, as shown in the figure; of which the
extenior pile is driven obliquely, so as to agree with the slope
of the esterior surface of the masonry nearly, whilst the rear one
1s diiven vertically.  All the foundation piles are 12 inches square,
and theh average length or depth is from 14 to 16 feet. Each
file of them, as it may be termed, is counccted at top by a
sleeper 12 mches square, notched on its lower side to the depth
of 1 mch for recciving the heads of the piles. These sleepers
support a platform of 4-inch planks, that forms the base of the
masonry, as also a huiter or longitudinal beam 1¢ inches square,
placed in fiont of it, to prevent the sliding motion before men-
tioned.  This is further counteracted, by the form given to
the foundation, which has been laid out according to an in-
clined plane falling towards the rear, and nearly perpendicular
to the exterior slope of the wall.  The two detached piles, in
front and rear, represent the two lines of cofferdam piles, that
were used to exclude the water, &c., from the excavation, whilst
the foundation was forming : those in frout were originally fiom
52 to 506 feet long, and at top stood equal to the revetment
itself in height, but were afterwards cut off level with the
common bed of the river Thames; whilst those in rear, which
were of the same scautling, and from 24 to 26 feet long, were
left standing, to a much greater height than the former, as re-
presented in the figure. The cofferdam and foundation piles
were of pine; the remainder of the wood-work, that has been
described, being of oak. Trenails of the last-mentioued wood
were used to connect the various timbers of the foundation:
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together. The masonry is of Dundee stone, backed with brick-
work. *

® The dimensions of the wharf walls, built by direction of Mr. Tel-
ford, in the harbours of Aberdeen and Dundec, are as follows. The
profile is of the common sloping form, its exterior slope being in the pro-
portion of $th ncarly. The average height was 16 fect: the thickness of
masonry at top, below the coping, 4 feet: the thickness at bottom 6 feet,
with an offset at about }d of the height, measuning upwards. The masoury
consisted of large stones, backed with thin stone rubble: the counter-
forts, which were also of stone rubble, were 8 feet square, 1 foot lower
than the back of the revetment, and placed at central intervals of 15 feet.
They were each connected to the revetment by imber ties, in two places,
at different heights. In some parts the height of the profile increased to
22 feet, and there the thickness was of course augmented in proportion.

*, Bbneath the Jowest exterior course of the revetment, was luid a longitu-
dinal course of 4-inch planks, resting on piles placed at certain intervals,
besides which dovetailed sheetiug piles were driven, in several parts, along
the front of the base of the masonry, above which they projected a little,

+jia order to prevent it from sliding, or fromn being undermived by the
action of the water, or otherwise.

These wharfs were cxecuted by tide-work, whereas most of the former
works of the same description, that have been noticed, in this or in the
preceding chapter, cither have heen, or are to be executed by coflerdams,
totally excluding the water. It is to be remurked, that the system above
described, of securing the foundation by one line of piles only, immediately
beneath the front of the base of the masonry, has also been adopted in other
works of a similar pature, in which the ground, although sumewhat soft,
was rather of a favourable nature than otherwise.

In all wharf walls, it is necessary to protect the {ront of the masonry by
strong pieces of timber, capable of fending off ships or barges, from
whence they arc called FENDER PILES, being almost always placed verti-
cally. Those used in the new whaif at Woolwich are 12 inches square,
and placed 12 feet apart, and are secured at bottom by stone corbels, pro-
jeeting from the body of the wall, to which they are fixed at top, by metal
bolts or cramps ; and this is the system most commonly followed.  n the
‘West-India Docks, a different arrangement bas, however, been adopted,
as a couple of courses of FENDER BEAMS have, for the same purpose, heen
fixed horizontally, along the whole front of the wall, at the distanee ol 4
feet apart, the uppermost of which ix placed ubout 6 teet lower thau the top
of the masonrv.
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It may easily be conceived, that between soft mud, which ’W
& foundation of piles, planking, &c., such as has been described,
aud rock or very tenacious earth, in which no wood-work, whateves,
is necessary; there may be many intermediate qualities of soil.
And ip some of these, piles may be dispensed with, as it will be a
sufficient precaution to lay a platform, consisting of a double floor-
ing of planks, crossing each other at right angles, under the whole
of the foundation of the masonry; which planks may, in certaim
cases, be placed at intervals, so as to form a grating.

This expedient is not, however, by any mcans applicable to
revetments, or retaining walls, when the soil to be built upon, is at
all doubtful: because in these, independent of the actual weight of
the masonry, which must always cause it to sink more or less, there
is also a pressure of earth in rear, which, for a reason stated is a
former chapter, is often liable to vary, sometimes producing litte
or no effect upon the wall, at other times tending to overset it with
great violence, and that not generally, but partially. .

Baut it is to be observed, that in soil, in which it would not be
safe to build revetments, properly so styled, without piles, the
simple grating or platform may often suffice for securing the foun-
dation of any substantial building or mass of masonry of limited
extent, which is not like a retaining wall, exposed to a partial or
variable lateral pressure, on one side ouly. When this expedient
is adopted, in the construction of a tower, the base of the work
should have a continued foundation of solid masoury, throughout,
connected to the exterior walls, by inverted arches. 'This arrange-
ment, which has actually been adopted in most of the Martello
towers, builtin this country, by binding the whole mass into one
body, will take away all tendency to crack, which might otherwise
arise, either from some difference of consistency, in various portions
of the supportipg soil, or from some inequality of pressure on the
part of the masonry : and by increasing the base, it will, at the same
time, greatly diminish the sinkage, for which reason, the grating

VOL. 1I. Yy
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shonld.pot merely be.continued entirely under the whole foundatior
of the tower, but should project some feet beyoad it on every side. It
is.likewisc easential, that the center of gravity of the whole masi
should correspond with the center of the tower, as neasly as pos-
sible, making the exterior walls of uniform thickness all round; in
which case the tower, if it does sink, as must always happen more
or less in soft soil, unless piles are used, may be expected to sink
more equally, than if this precaution were neglected.  For if the
walls are built thicker on one side than on another, the former, as
Yeing the heaviest, will sink the deepest, so that the tower will lose
its original level. To decidcin what peculiar cases a simple grating
or platform without piles may be adopted with safety, must of conrse
be left to the Jjudgement and experience of the Engineer employed :

E:shall however conclude by again remarking, that to revetments,
8’ general, it is cntirely inapplicable: and even for towers and
mﬂ masses of masonry, not used as retaining walls, it is of
a-precarious nature, and uot to be trusted to without great caution :
for, in building upon very soft soil, I have known several instances
of this expedient baviug been tried, none of it having succeeded.*

® The towers, built on the coast of England, were founded on a great
variety of different soils, somc of which were very unfuvourable, and-in
these, woeden gratings were always used; which consisted of a double
gourse of elm planks, crossing each other at right angles, each of the
Planks being about 14 or 15 inches wide, and 6 inches thick. The mud
‘waa usmally cleared out to a depth of two or three feet below the level of
the proposed grating, and the exeavation filled with shingle, wpon ‘which
the firat sot of planks wore laid, paralicl to each other, at oclear intervals
of. about one foot. 'These intervals being filled with dsy bricks and
grouted, the second course of planks was next laid transversely over'the
Gormer, and eonnectéd to it hy oak trenaiis: sad the new imtcrvals ¢hus
formed were also bricked and grouted as before. Thus was formed a
Wase, partly of bricks and partly of wood, upon which the fonndation was
begun with Swanwich stoncs ; the remainder of the wodkbeing afterwards

anlehd with bricks. 1 e
* %Fhis. expedient. in all cases .completely preventicd the uo-ry from.
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I shall here remark, that in unfavourable soil, a continued
foundation of solid masonry is also suitable for those spaces, which
are comprehended between the counterforts of simple revetments,
or between the piers of counterarched ones. ®

cracking or separating, but in other respects it failed in very bad soil; for
1 am informed, that two or three of our towers, bave not only sunk oon-
siderably, but have lost their proper level, by sinking uncqually, so that their
slopes arc quite different from what was originally intended. To build the
walls of a tower of uniform thickness, as was before recommended, may
lessen this tendency, but cannot do it away entirely, because cven the weight
of the heavy guns mounted afterwards, must have an unfavourable effect ;
so0 that upon the whole, a piled foundation is the only precaution that can
thoroughly be depended upon.

® It is also useful, and indeed often absolutely necessary, to have a con-
tinned foundation of solid masonry and woodwork, piled or not, according
to circumstances, under docks for the repair of single ships, as also under
the locks of canals, and all other small basons, from whence the external
water is at times (o be cxcluded by means of flood gates: and sach
foundations, when the breadth is small, may be composed of a single
inverted arch; but when the breadth is very considerable, those parts only
are curved, where thc masonry of the foundation adjoins to that of the
side walls, so that in the section of a wark so constructed, two distinct
portions of an inverted arch appear, which are at some distance from each
other, and are not connected by any continued curve, but by a right line.
‘The masonry of works of this description is usually made stronger than that
of common wharfs. The rcason is, that when a body of water is shut out,
by artificial obstacles, from any space, much lower than the level of its own
surfiace, if the fluid should be able to find some weak part or aperture, in or
beneath the masonry or woodwork, by which it is excluded, it will endea-
vour tobreak through, with a force proportional to the difference of level ; so
that, unless the walls and foundations of such works, as have been mentioned,
are of more than usual thickness, as well as of goud materials, and executed
with great care, they are liable to be blown up, as it is called, and in part
destroyed, or rendered unserviceable, by the force of the water. Accidents
from this canse have often happened in great works. To secure the
foundations of floodgates, which are in opposition to the exchided
water, and which®are counsidered the most vulnerable part, a transverse
row of dovetailed piles is generally driven in front of them, that is to say,
on the exposed aide, and sometimes another parallel row is added in rear.

Yy @
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only, of a common revetment, the other of a counterarched revet
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when piles are used; for ~7 1T ‘ T IK

by distributing the total P ' ] ‘ _,_\l _
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pressure upon each indi- AANTINY \
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to the counterarched re-

In the locks of canals, a continued foundation of solid masonry is not
ahays used, lbroughont the whole extent of the bason, but only ja those
ions which are immedlately beueath the two fluod-gates.
ﬁ‘be banks and bottoms of canals, and ponds, are rendered watertight
.iy‘*d n them, as it is called, which expedient may also be used to-
Y ge i cortain cases, in military works, and shall therefore be de-

| ALY
g’l’l’d‘di"'u firied by tuking a quantity of carth, and mixing it up with
tor, gradually yonretl uponit, 1o the consistency of mortar for building.
1tis am%lied 1o tHe spot intended, in horizogtal lxyers or dourses of about
o mchés in depth, did is mixed by men treading on it with mud boots,
lﬁ Mg’l’tﬂtb tl:oﬂhi. Each layer, when sufficiengly worked up, is
to ’Hrj", dartil & 'mad thay stand on it without sinking: then a vocond
:25“1 the sanie ilicknesd is &pplied shove flie former, carp being taken
ritte them well by #tirring Wd wetting the surface of the original work.
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vetment, in particular, represented in our second figure, I conceive
it to be preferable to the concave profile, described in the preceding
chapter; which last-mentioned construction may also be adopted in
soft soil, with the same view of increasing the base, and thergby more
generally distributing the vertical pressure, upon a piled foundation.

It was remarked in a former chapter, that retained earth seldom
presses in an unfavourable manuner upon revetments, excepting
when it has been acted upon by frost or rain. And indeed, when-
ever failures in revetments have been known to take place, although
they may generally be tiaced to some defect, cither in the original
profile, or in the workmanship, the immediate and apparent cause
has almost always been a violent rain storm, or series of continued
bad weather. It is therefore of the utmost importance, to secure
works of fortification against such accidents, which can be
done by a judicious system of well-constructed drains; and as 8"
further precaution, all the slopes of parapets, &c., should+jie
sowed with grass, it having been found by caperience, that vegeta-
tion is very useful towards the preservation of earthen works, at least
in a moist climate such as that of England. ¥

and thas the process of puddling is continued in sucoessive layers, to the
required height, three feet being in all cases a sufficient thickness. Clay
and garden mould, or vegetable earth, are not good for forming puddle ;
the best kind of earth for that purpose being a lightish loam, mixed with
comrse sund or fine gravel, all particles of which, exceeding the size of
a musquet ball, should be rejected- Puddle, when suffered to become
thoroughly dry, cracks, and loses its cfficacy; but when properly made,
and vither brought into immediate use, or kept moist until required, it is
impervious o water.

* As a proof of the tenacity which earth is capable of preserving, when
it can be guarded from the eflects of weather, may be mentioned the
custom, which jprovails at Gibraltar, of bmiding the walls of dwelling
houses with rammed earth, which being covered, externally with a post
of plaster, are very durable, notwithstanding the great violonee of the
sains which often fall there. Ladterly, some of the traverses, on the fortl-
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As the exterior surface of masonry chiefly decays through the
action of weather upon the joints, it becomes an useful precaution
to diminish the number of these as much as possible, in all the
bhorizontal or sloping parts of the work, which are the most liable
to suffer. For this reason, in walls, built with brick-work, it is
‘always proper to cover the top, when exposed to weather, with
some larger material, such as a stone coping, in the joints of which,
it is desirable that a better cement than common mortar should be
used. ln this climate, about 1 foot of sod-wark, over the top of
a wall, is a good preservative against the effects of frost; and may
therefore be used to cover the summit either ot a counterscarp
or scarp revetment, built with brick-work, when stone copings or
cordons are considered too expensive.

Having now completely discussed the theory of revetments, and
added as many practical details as appeuared necessary, 1 shall

fications at the same place, bave been formed in a similar manner. The
above mode of construction is called tapia by the Spanish inhabitants,
and probably is the best thut could he audopted for parapets in a very
hot climate The Castle of Badajos is partly built in the same manner.

Rammed earth is also used by the natives of India in their fortifications.
Inuraising walls of this material, which they carry up nearly perpendi-
cularly, they mix ap each course, which is of moderate thickncss, with
water, aud after beating it woll, they allow it 1o dry, before another layer
is applied. These mud forts, as they are called, have often proved great
obstacles to the progress of our arms in the East. The desperate defences,
mdeﬁy some of them, are recorded in a book recently published, by an
officer <ih ‘the Bengul Fstablishment of the Fast-India Company’s army,
enditled “ Observations on the Attack of Mud Yorts.”

That vegetation is useful towards the preservation of carthen works,
is proved by tle field works, thrown up at Upnor, near Chatham, for the
pitpose of cxercising the junior officers and soldiers of the Royal Engi-
Beet Densriment in the eperations of a siege. Such of these field works,
s are left standing, afler 8. certuin time, lose their proper form, in con-
séquence of the efiects of weather, while the parapets and slopes of the
périmanent works remain perfect, by reason of the grass with whlch they
are covered.
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conclude this volume, by making some remarks upon the Theory of
Arches, 2 subject, which is also usually considered as forming :part
of a course of fortification; and which appears to me to-have
been treated, by mathematical writers in general, in a manner by
no means conviucing or conclusive ; for in this important inquiry,
as well as in the former, they seem to have built upou hypothesis,
instead of having recourse to experiment.

As the investigation of the properties of arches is certainly
much more intricate, and complex; so the theories, formed upon
this subject by speculative writers, are more at variance with.each
ather than those upon revetments. But without qgtering into.the
merits of the various theories of arches, that have been published, in
the formation of many of which, great talent and ingenuity have
been displayed, 1 shall confine my observations to one only, which
has been advanced in this country by some writers of established
reputation, but which appears to me to be founded on mich:
fallacious principles, that it may be useful to the reader to state my
objections to it.

The doctrine now alluded to, was, I belicve, first promulgated
in this country by Emerson, who, in investigating the properties of
arches, judged it convenient to consider the several arch stones, as
perfectly polished bodies without friction, and the same prelimi-
nary hypothesis has since been adopted by some subsequent writers.
In consequence of this assumption, which forms the basis of their.
theories, they have come to a decision, that semicircular arches, or
others, springing from a horizontal plane, should be altogether,
condemned aud rejected, as being unfit for practical purposes: for
they maintain, that by the principles of pure mechenics, any-
polished body without friction, placed on a horizontal plane of the
same_nature, has no lateral resistance, but may be moved from lﬁ.
place by the smallest possible power ; and therefore, they argue; that
the two extreme or lowest arch-stones of the semicircle, or df"any
other curve, springing from a horizontal plane,, can have no poyier,
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whatever of pesisting the thrust or lateral pressure of the other arch
shoves; 50 that such arches must necessarily give away at their
hapmches, unless Joaded with infinite weight, a thing which in prac-
fice igampossible.  Now, ulthough this conclusion might certaiuly
.dold good, in respect to the imaginary arch-stones, above assumed
. §or the sakc of bypothesis, it will be found by experiment, that
common freestoue rubbed smooth, but not polished, if laid upon
a honzontal plane of the same substance, without mortar, will
sequire ¥ power of about two thirds of its own weight to over-
come its lateral resistance ; and if prepared in the mamner usually
.done by worjgnen for Luilding, that 15 1o say squared but not
rendered quite smooth, it will require u power nealy equal to
three fourths of its own weight to overcome the suid resistance.*
Aud therefore, sce the friction of stone, in the state in which
it is prepared for building, is s very considerable, even without
meticing the vast additonal resistance denved from the coliesion
. of the wortar;f it is not to be wondered at, if thosc theories of

® Such were the resulis of a series of numerons experiments, trnied by
me, in Malta, in the year 1805, for the purposc of ascertaimng this subject,
with squared stones of various sizes and proportions, and of a soft quahty
resembling Bath stone ; the largest of wlich wus 2 feet 6 inches long, 2
feet wide, and 1 foot thick, and weighed 6261bx. It also appeared, that
the friction or lateral resistance of any stone, in opposition to a power,
tending o move it along a horizontal plane, was in all cases 1n proportion
«te its own weight, and to the state of smoothness of the two surfaces,
7qhiat eame in contact with each other, as mentioned in the text ; without any
$eferdace to the actual dimensions or superficial contents of the vaid su-
futess
“4 Tn some cxtensive vaults near Bayae in the Kingdom of Naples, said
to bave been coustrucied by the Emperor Nero, which consist of a series
of groined arches résting upon square pillars, I ohserved, that although the
Jower half of one of these pillars was cut emtirely away, the upper part of
tht said pitiar, together with the four arches, which depended upon it for
sapport, remuined as firm a3 any of the others, by reason of the cohesion of
thé mortar. ' When Abukir Castle was attacked by the British in 1801, a
brbath was effected in the side of a high tower, forming a very large hole oy
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arches, in which this friction is entirely disregarded, should have led
to a totally erroneous conclusion ; and such 1 conceive to be the
decision, before quoted, against the use of all arches springing
from a horizontal plaune; a decision, which in fact is contiadicted
by daily experience, for it is scarcely possible to walk out without
sceing arches of this description in a strong and serviceable state ;
and indeed we know, that there are many instances of semicircular
arches, nearly 2000 years old, which are in perfect preservation to
this day, and cap:ble of supporting the greatest possible weight
that can be applied to them.

It is further to be remarked, in opposition to the said theories,
that the piers and abutmems of arches are, in real practice, in
ninety-nine cases out of a hundred, built of the same materials,
whether stone or brick, and are cemented with the same kind of
mortar, as the arches themselves.  If therefore, the stones of an
arch are to be cousidered as perfectly polished bodies withdu¢ fiic-
tion, it follows, that the stones of the piers, which are of 'é‘hedy
the same nature, ought also to be so considered, otherwise the
theory must necessarilly be inconsistent with itself.  But as the
courses of masonry in the piers of arches are always built hori-
zontally, * cach of the uppermost stones of the piers of a parabo-

opening 1 the wall, and yet the upper part of the masonry stood firm, from
the same cause. LEvery one may have bad an oppertunity of observing, in
walls built on the sca coast or on the banks of rivers, that they are often
undermined, to a considerable extent, by the water; and yet that the
upper part of them will 1cmain good.  For example, about 190 superficial
feet of the foundation of one of the exterior walls of Rochester . Castle
have been entrely washed away by the Mcdway, and yet the rest of tlle
wall, although thus undermined, remains perfectly firm.

* Jtis well known, that masonry, in general, is built in horizontal eouum,
without taking any precaution, further than what arises from the weight
and friction of the materials, and the cobesion of the mortar, in order ta pre-
vent a latoral motion ; and, indeed, there is no ordinary pressure or power,
that can possibly act upon & mass of masoury, of a certain solidity, sach s
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lic_or catenarian arch, rests upon a horizontal plane; and conse-
quently, if the said stones are without friction, they can have no
Iateral resistance, or in other words, they can have no power what-

illg pier of a bridge, that will ever cause the upper pait of the sard mass to
np.nle from the low er part of it, by moving horizontally upon the course
immediately beneath. On the contrary, when walls have failed, from a
want of due strength, whether as piers or revetments, they have always
been torn asunder in a very different manner from the above, the frac-
tares being irregular and oblique, never horizontal.

There are, therefore, only two cascs, 1n common use, in which precan-
tions are taken to prevent a horizontal motion:  1st. o thin walls the
height of which is inconsiderable, such as the parapets of hridges, it ix
usual to connect all the adjoining stones together, by iron cramps or dowels
bedded in lead ; a precaution, which, in ligher or more substantial walls,
would be superfluous.  2dly. In forming the shafts of columns, when com-
posed: of several picces or horizontal courses, of stone or narble, it is
ubkal §6 infroduce iuto each joint, a jngzle of a cubical form, of hard stone
or wétid, winch is let, one half of 1ts depth into the lower, and the remain-
der of it into the uppermost of the two stones, that are to be put together:
all the portions of the column heing previously mortised, both at top and
bottom, for receiving the said jogzles, which break the continuity of the
horizontal joints, and when properly fitted, must, therefore, effectually pre-
vent all latcral motion.

But although not usnal in common buildings, excepting in the two cases,
that have been stated, such precantions have sometimes heen carried (o
a great extent, in buildings of a peculiar nature, that require extramdinary
care in theit construction, as being exposed to more than omdinary rish.
The construction of the Edystone light-house. in particular, affords an
éxsmple of a combination of all the most effectual means, that could have
been adopted. for uniting the several component parts of the edufice juto
one ¢compact body with the rock upon which it is foended.  Tu the lower
and selid part of this tower, the varions stones of cach horizontal course,
dfe all dovetailed into each other; one large center stone, from whence
they radiate, forming the key of the whole ; and thus the numerous pieces,
@omposing each horizontal course, arc united, as it were, into one laigo
stohé; and the hottom ones are, by the same method, solidly grafted into
e rotk. Each course is pinned down to that immediately below jt by
okK trendils, two of which are dniven through every stone, besides
whith the continuity of the betizontal joints is broken by marble jozgles,
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ever of resisting the thrust of the arch stones. Therefore by their
own theory, when it comes to be fairly applied, the parabolic,
catenarian, and other arches of equilibration, recommended by
the mathematical wniters, alluded to, are liable to the very same
objection urged by them against the semicircle, that is to say,
unless their piers are loaded with infinite weight, these arches
ought to give way.

I thought it right to make these observations, in order to put
voung Engmeers, and others, who may be employed in practical
arts, on their guard against a theory, which having been maintained
by men of merited reputation, might continue to make an impres-
sion on the public mmd, so loug as it remained uncontroverted.

both in the eenter, and at certain intervals, towards the circumference,
In the hollow parts of the tower, the various stones, composing the circa-
lar wall, not bewmng more than 13 inches thuck, are secured not emly. by
marble joggles, but also by won cramps, but without trenails ; and,those.
particular comses of the cirele, against which four flat dome arches of
about 12 feet span abut, arc strengthened by endless iron chains, bedded by
means of melted lead, wto a circular groove, cut all round in the middle
of the masonry ; which has been thus enabled to resist the lateral pressure
of the sail arches.  These are of a very peculiar construction, the joints
of the several web stones beng not only cut according to the curve, but
also in a dovetailed form.  The central stone of each arch, with which all
the others are connected in this manner, is perforated by a circular hatch-
way, which serves for the purpose of communication.  Such are the gene-
ral precantions that were adopted to consolidate and secure this cclebrated
edifice, which is built on a small rock usually covered at high water, even,
in a peifect calm, in a situation, which in a gale is exposed to the whole
violence of the Atlantic Ocean. All the exposed parts are built of Cornish
moorstone or granite, the interior of the solid portion of the tower, only,
being of Portland stone. The cement nsed was Puzzolana, mixed  with
Lyas lime, in equal proportions.

Itis suid that in Blackfriars bridge, built by Mr. Mylne, ot only %
horizoutal joints of the piers, but also the oblique joints of the arch stqqqa,
have been dowelled by enbical joggles of hard stone. 1am not aware,
this expedient has been adopted in the construction either of the piers Ql;
arches of any other bridge, and, indeed, it appears to me to be wpﬂ%



700 ELEMENTAKY rOKIIFICATION. cuaP. xxviI.

Indeed, I conceive 'that it would be greatly for the benefit of the
arts, if it were agregd, that every theory, in which inathematical
séasoning is applied to practical subjects, should be disregarded
and set aside as a mere speculation, or exercise of ingenuity, unless
the author grounded his doctrines upon, or supported them by, a
sufficient number of satisfactory experiments, tried by himsclf or
others. With respect to the strength of arches, in particular, T
shall ‘conclude by observing, that every arch, actually constructed,
whiich is now standing, in a state of preservation, must be allowed
% be an experiment of the most satisfactory nature, by which we
may judge of the proportions and dimensions necessary, for arches
of a similar form. The state of our knowledge upon this subject
is therefore not by any means so limited and imperfect, as upon
the former subject of military revetiments,  I'or a vast number of
archies on a great scale, and of various forms and dimensions, have
W-’?xecpted with success in every civilized country, accurate

etuiled descriptions of which can casily be procuied,* so that

& The historical and practical parts of the article “ Bndge,” in the Edin-
Bburgh Encyclopeedin, writien by Mr. Telford, contain ample information
wpon this important subject.

»'¢ the same gentleman, Iamn indebted for the dimensions of some of
the profiles: of revetments built by civil Engineers in this coumry, and
described in the notes to the preceding chapter, which I had not myself
aily> opportunity of ascertaining personally. The varions military works,
Whése dimensions are given in this bouk, were coustructed by oflicers
#ftie Corps of Royal Engineers. Their names are not mentioued, becanse
¥ Mdve wot in all cases been able to discriminate, whetber the projects of the
clisemates, powder maguzines, towers, revetments, &c., desenibed, were
ddtefmined' by the Committee of Fortifications, which is composed of a
eértiin number of senior officers of Eugineers, acting under an Inspector
General, who aléo commands the Corps, or whether they may have heen
suggeiitd by individunl officers, commanding at the various stations, where
thie weénkes ‘'were carvied on.

3+% hyite-Deent minute ip stating dimeusions, because it must be much
moré satisfactory to those, who have to decide upon projects of new works,
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the Tngincer having these examples before him, can yrun no risk
of failure, provided that he does not make the thickness of his piers,
or other proportious, upon which strength depends, less than those,
that have been found to answer under similar circuq;;tames.
Without peiplesing himself, with attempting to discover the form
of an arch of equilibiation, that is to say, oue so nicely poised upon
its picrs, s to be barely capable of supporting itself, and nothing
moie ; a form which is not to be recommended either for civil or
military pwiposes; he may therefore fearlessly adopt either the

10 have deseriptions of similar works already executed, before them, the
advanta,es ov disadvantages of which may be ascertained by inspection
or by inquury ; thanaf they were lit to form their judgement, merely
accordmg to general tules, unaided by practical examples.

1 shall conelude by desceribing the general profile of the revetments of the
new works of Plymouth Dock.  The scarp revetment is every whene 39
feet Ingh, and has a continied exterior slope of jth, but its :
vares i proportion to the height of carth above it, which in some M‘ﬁ
2 feet greater than in others.  In the forner, the thickness of m: :
the basc 1s 10 feet n the latter, 1t is 9 fvet 6 iuches.  In both cases, thy
back of the revetment is built perpendicularly in rear, to the height of 26
feet. From thenee upwards, the thiekness of the remaining 4 feet of
masoury, being reduced at the above height, by an offset, varies from 3 feet
6 inches to 3 feet, which s the general thickness at top.  Thus the mean
thickness of the scarp revetment, in some parts, rather excecds 1th of the
total height of masoury, whilst w others, it fulls somewhat short of that
proportion.  The counterforts are all 5 feet wide, 6 feet long, and 26 feet
high; and are placed at central intervals of 20 feet apart, The above prufile
mav he considered a full scarp revetnent, as there is no where any grest
lnci;zht of carth above the masonry. ‘The counterscarp revetment is buil¢
without counterforts, and is, in suie places, 25 feet high, with about 1 faof
of eaith over it, and thore it is 9 fect thick at the base. 1In other parts,
where the height is 20 feet, it is only 7 fect thick at the base. I lips gvery
where an extcrior slope of }th, and is perpendicular in rear, s9.that: ita
mean thickness varies from about 3;ths, to ! Iths, of the beight. In some
few places, the heights, both of the scarp and countersoarp revetmenta, arg’
greater, and the slopes and otber dimensions vary from the sbave profiles,
which however apply to the works in general, and are diu‘.m.q“
decision of the Commitiee of Fortifioations, . '
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semicircle, the ellipse, the circular segment, the parabola, the cate-
narian curve, &c., &c., as he judges convenient : for since all these
forms, which have been enumerated (and indeed many moie) have
been tried, and all have stood; it follows, that none ought, in reason,
to b#siiiconditionally condemned, and none to be unconditionally
preferred to all the others, but that in one case one form, in another,
another may be chosen, asthe most suitable, either with a2 view to
beauty, in ornamental buildings, or from mouves of strength, cco-
nomy, or conveniency, in others. Thus, for example, to diaw a
practical comparison between the flat circular scgment, and the
parabola, whose rise is equal to half its span, the former is, by far,
the most suitable for a bridge over a great nver, whilst the latter
may be allowed to be a much better form tor a bomb-proof” pow-

der magazinc.
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PERRATA IN VOL. 1I1.

Page 107, Nate, line 2. For 12%—rcad 104

- - 450, line 16, For pont, 3—read point, 4

— 517, line 4. For A F—read Af

-~ 558, ine 7. For G E F—read GCP

-~ 1, Note, continued from the preoeding page.  Erase the last sentences com-

mencing with the words, Compare also

~ 474, 1anLs 11, Inthe column of slability without shingle. For 53-”50.
— 618, second line from the bottom. Foer 280, 281, and 282—read *‘Iﬂ

»,.,

ot
021, RUIE vy, line 6. For counterforts equal—read counterforts qﬂ&
N T
length

— 21, r¥MaRy, line 2. Expcriment 403, i Table X111, although very nearly,
1s not cxactly, opplicable to the case, which 1t has there been quoted for the
purpose of provmng. The point tn question is, however, fully proved by
several of the other expcriments, contained in the Tables.

—- 661, Note, continued from the preceding page, line 5. For V1. VII. and VHL
—read V. VL amd VI L















